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Abstract
This study was aimed at assessing the quality of underground well water in Enugu metropolis. Samples were collected from closed wells at a 

depth of 120-150 m high from the ground level into clean sterile plastic containers from four (4) different locations: Old artisan, Oriefete, Obiagu 
and Ani Street. These samples were taken to laboratory for physiochemical parameters (pH, conductivity, total dissolved solids, total suspended 
solid, nitrate, acidity and alkalinity), heavy metals (arsenic, mercury and chromium) status and bacteriological quality. Results showed a huge 
nonconformity from safe standard limit established by the World Health Organization (WHO) as some of the values were much higher. The presence 
of some pathogenic bacteria (Escherichia coli, Clostridium perfringens, Streptococcus faecalis, Enterobacter aerogenes) is also a major indicator of 
bacterial contamination. This implies that the underground water well of the selected areas is not safe and it needs some great deal of treatment 
before consumption.
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Introduction
For the sustenance of life, the essentiality of water cannot be 

overestimated [1] Underground well water provides a dependable 
alternative to surface water for drinking, irrigation and industrial 
usage [2]. Contamination of underground water is not as common 
as surface water, however upon pollution, treatment is usually de-
manding and sluggish [3]. Pollution of underground water is one of 
the majour environmental challenges today arising from improp-
er and indiscriminate disposal of sewage, industrial and chemical 
waste [4]. These sources of contamination may affect key organ-
ic, physical and chemical variables of groundwater [5]. Impurities 
that are mainly linked with underground water pollution include 
nitrates, pesticides and faecal coliforms. Also, anthropogenic activ 

 
ities such as land use and the intervention in the natural flow pat-
terns are often connected to groundwater pollution [6].

One of the fundamental rights of human being is access to clean 
and free drinking water. An estimated 780 million people do not 
have opportunity to pure and non-contaminated water with about 
2.5 billion people not having appropriate hygiene [7]. Consequent-
ly, an estimated 6–8 million people pass on annually due to water 
borne diseases and tragedy. Water quality is a growing concern 
through the developing world and sources of drinking water are 
constantly under threat from contamination. This has both public 
health consequences as well as socioeconomic implications. There 
is thus the need to assess water quality of underground before hu-
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man consumption. Many developing countries however lack the 
resources required to carry out water standard evaluation due to 
financial and poor-quality control issues [8].

For these emerging countries, material and bacteriological 
evaluation of water standard could serve as an alternative for exam-
ining potential corruption in underground water and help admin-
istrators in determining the effectiveness of managerial programs 
in managing water resources [9]. These methods are accepted by 
the WHO which has enumerated its health-based indices for nu-
merous possible water contaminants. These indices could be any 
measurable health, water standard or performance variables that 
are established based on assessment of safety and risk waterborne 
hazards [10]. The health-based targets for contaminants provide a 
framework for achieving safe drinking water, creating a water safe-
ty plan and maintaining water surveillance by policymakers. The 
bacterial and heavy metal content of well in Nigeria have been re-
ported to be unsatisfactory [11]. Consequently, assessment of wa-
ter standard should be a foremost agenda globally [10].

Enugu is one of largest and historical states in Nigeria. As pop-
ulation grows by day, the challenge to meet user demands of water 
also increases. Inhabitants of Enugu metropolis currently depend 
largely on drinking water transported from boreholes at 9th mile 
corner, Udi local government area which is about 8 km from the 

city [12]. This water source is not economical and not sufficient to 
meet the domestic and other needs of the residents. Residents thus 
resort to underground well water which may be contaminated as 
an alternate source of water. This study thus aimed to analyze the 
underground well water in Enugu metropolis. 

Materials and Methods

Study Area 

Enugu is the county town of Enugu State, South-Eastern Nige-
ria with a population of 722,000 [13], and density approximate of 
6,400/km2. The geographical coordinates of the study area are 6° 
21′N and 6° 30′N and 7° 26′E and 7° 30′E. Enugu has a rainforest 
warm weather. Average yearly rainfall lies between 1600 mm and 
2500 mm about four months of dry season, which has 29 mm of 
rainfall [14]. Average monthly temperature falls between 27°C and 
29°C, vegetation type of the study area is rainforest savanna [15]. 
Nyaba, Ekulu, Idaw, Aria, Ogbete and Asata are the main rivers in 
the city which originates westward from the base of the Udi escarp-
ment and flows eastwards into the cross river. Asata River a third 
order stream, has an area of about 40 sqkm and is a tributary of 
the Ekulu River. The Asata river basin falls within the large Abonie 
basin. The largest body of water in Enugu urban is the Ekulu River, 
and it is large enough to contribute to part of the city’s local water 
supply [13] (Figure 1).

Figure 1: Map of Enugu metropolis showing settlements Source [33].
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Sample Collection

The underground well water was taken from closed wells at 
a depth of 120 – 150 m high from the ground level. Four samples 
were collected in clean sterile plastic container from four different 
locations and were taken to laboratory for determination of the 
physiochemical parameter, heavy metal and bacteriological quality. 

Sample Analysis 
On-site analyses of pH, conductivity, were carried out at the site 

of sample collection following the standard protocols and methods 
of American Public Health Organization (APHA) and American So-
ciety for Testing and Materials (ASTM) using different calibrated 
standard instruments [16]. The pH of the water samples was mea-
sured by using a pH meter (model HI 98130 HANNA, Mauritius, 
Iramac Sdn. Bhd.). The conductivity of the samples was measured 
using a conductivity meter (model HI 98130 HANNA, Mauritius, 
Iramac Sdn. Bhd.). Laboratory analyses of Total Solids (TS), Total 
Suspended Solids (TSS) and Total dissolved solids (TDS) in water 
samples were carried out by the filtration process [17]; alkalinity 
and acidity [18] and nitrate [19].

The analyses of heavy metals Chromium [20], Arsenic [21] and 
Mercury [21] were carried out based on ASTM standards, which 

are approved by APHA using Flame Atomic Absorption Spectrom-
eter (FAAS). For analysis of Chromium direct extraction/air acet-
ylene flame method was used, while manual hydride generation 
AAS method was used in determination of Arsenic in the samples. 
Cold-vapor AAS method was applied in determination of Mercury. 
The standard solution for each tested element was prepared ac-
cording to its concentration and used to calibrate the system before 
analyzing each water sample. The results were recorded automati-
cally on a computer connected with the AAS system. Microbial anal-
yses were carried out according to procedures of [22].

Questionnaire Administration

Twenty structured questionnaires were administered to re-
spondents to ascertain consumption of the underground water, 
sources of contamination of the underground water and possible 
health consequences related to the consumption of such water.

Results
The physiochemical parameters including pH, conductivity, to-

tal dissolved solids, total suspended solid, nitrate, acidity and al-
kalinity are showed in (Figures 1-6 & 7) depicts the level of heavy 
metals while (Table 1) revealed the bacteria present in water sam-
ples (Tables 2-5).

Table 1: Micro-organisms found.

Sampling Towns Microorganisms

Old artisan
Escherichia coli, Clostridium perfringens, 

Streptococcus faecalis, Enterobacter aerogenes

Oriefete
Escherichia coli, Clostridium perfringens, 

Streptococcus faecalis, Enterobacter aerogenes

Obiagu
Escherichia coli, Clostridium perfringens, 

Streptococcus faecalis, Enterobacter aerogenes

Ani Street
Escherichia coli, Clostridium perfringens, 

Streptococcus faecalis, Enterobacter aerogenes

Table 2: The safe limits of WHO for determining drinking water quality.

Parameter WHO Limits

pH 6.5–8.5

Acidity -

Alkalinity 600

Conductivity(s/m) 250

TSS -

TS -

TDS (mg/L) 1000

Nitrate(mg/L) 50

Cr (mg/L) 0.05

As (mg/L) 0.01

Hg (mg/L) 0.006
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Table 3: Sources of contamination of the underground water from the questionnaire.

  Frequencies Yes Frequencies No No. of Respondents

Is there any industrial waste close to the underground water 5(-25%) 9(-75%) 20

Is there any farm close to the underground water 9(-45%) 11(-55%) 20

Is there any municipal waste close to the underground water 12(-60%) 8(-40%) 20

Is there market location close to the underground water 12(-60%) 8(-40%) 20

Table 4: Uses of the underground water from the questionnaire survey.

Uses Frequencies  Yes Frequencies No No of respondents

Cooking 20(-100%) 0 20

Bathing 20(-100%) 0 20

Drinking 2(-10%) 18(-90%) 20

Washing 12(-60%) 8(-40%) 20

Table 5: Possible health effects from the use of the underground water from the questionnaire survey.

  Frequencies Yes Frequencies No No of respondents

Do you have itches and scratches after using the underground water 2(-10%) 18(-90%) 20

Have you vomited after drinking the underground water 2(-10%) 18(-90%) 20

Have you experienced mouth ulcer which may be attributable to the underground 
water 2(-10%) 18(-90%) 20

Figure 2: The pH of water samples.

Figure 3: The conductivity of water samples.
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Figure 4: The concentration of nitrate in water samples

Figure 5: The acidity and alkalinity of water samples.

Figure 6: The TDS, TSS and TS in water samples.
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Figure 7: Levels of heavy metals in water samples.

Discussion
pH value below 6.5 and above 8.5 indicates acidic water and ba-

sic water respectively. The pH of the study area ranges from 4.70 to 
5.02 while the standard range is 6.5-8.5. Old artisan (4.70), Oriefete 
(5.02), Obiagu (4.70) and Ani Street (4.86) indicate acidic water 
having pH below 6.5. pH has no direct adverse effects on health 
[23]. However, acidic water can lead to corrosion of metal pipes and 
plumping system.

Electric current carrying capacity of any medium defines its 
conductivity. Dissolved solids such as calcium, chloride, and mag-
nesium in water samples contribute to the conductivity of water. 
The values of conductivity obtained were (690, 700, 420 and 730 
𝜇S/cm), which generally were much higher than the WHO standard 
limit of 250 𝜇S/cm. Conductivity gives an indication of the mineral 
content of the study area. There may be no direct impact of conduc-
tivity on human health, but it is however used to ascertain the min-
eralization rate (existence of minerals such as potassium, calcium, 
and sodium) and determining the quantity of chemical reagents 
used to treat this water [24]. Elevated conductivity could depreci-
ate the tasteful value of the water by giving mineral taste to the wa-
ter. Water with high conductivity is important in industry and agri-
culture as this may cause corrosion of metal surface of equipment 
such as boiler. This is also applicable to home appliances such as 
water heater system and faucets. Excessive conductivity may also 
terminate food-plant and habitat-forming plant species [25].

Nitrate in form of nitrogen is frequently connected with 
groundwater pollution [26]. In adults’ nitrate is not associated with 

any health problem, however ingestion by infants can deplete the 
oxygen levels in the blood, which could lead to fatality [6] All un-
derground well water samples analyzed in present study (Figure 
3) contained varying concentrations (2348.14, 3834.29, 710.86 
and 3408.87 mg/L) of nitrate that are far above the WHO estab-
lished maximum allowable threshold for drinking water of 50 
mg/L (WHO, 2011). This high concentration of nitrate observed 
may be due to market location close to the underground water or 
industries dealing with organic materials in the area. The ranges 
of alkalinity found in present study lie in between 6-8 mEq/L. The 
standard values as prescribed by the WHO are between 200- 600 
mEq/L [27]. Therefore, the total alkalinity is below the prescribed 
limits. Carbonates (HCO3−, CO32−) and hydroxides (OH-) are the 
main causes of alkalinity in ground water [6], it depicts the acid 
neutralizing ability of the water. Rocks contributes to the acidity to 
underground water, and the presence of rocks may have resulted 
in the low alkalinity of the study area [6], From the results of the 
Total Dissolved Solids (TDS), Total Solids (TS) and Total Suspend-
ed Solids (TSS) given in Figure 5, TDS of study area were between 
0.21-0.49 mg/l, TS 0.15-0.80 mg/l and TSS 0.15-0.55 mg/l. Total 
dissolved solids (TDS) in drinking water wastes form market loca-
tion close to the underground water, soak away or industries deal-
ing with organic materials in the area. High concentrations of TDS 
may confer undesirable taste, odour and colour on water, which will 
have adverse reactions to the consumer [28]. High level of TDS in 
water used for drinking purposes leads to many diseases which are 
not water-borne but due to excess salts [29]. The TDS values were 
far negligible compared to the maximum standard level of 1000 
mg/l (WHO, 2011).
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Heavy metals in drinking water higher than a certain required 
level can be detrimental to human health. It is thus necessary to 
assay for heavy metals in drinking water is an important parameter, 
as most of the studies on drinking water quality centered on inves-
tigation of heavy metals. Heavy metals tend to bioaccumulate in hu-
man body parts and disrupt their normal physiological functions. 
In this study, the results of heavy metals such as Cr, As, and Hg (Ta-
ble 1) were higher than recommended levels set by WHO (Table 2). 
As was not found in Ani Street, however 0.42, 0.31 and 0.15mg/L 
were recorded respectively in samples collected from Old Arti-
san, Oriefete and Obiagu; Hg was present in all sample with values 
ranging from 0.42-0.60 mg/L, this high levels of Hg in samples may 
arise from market market location close to the underground water, 
soak away or industries dealing with organic materials in the area. 
Chromium (Cr) was found in all except Old Artisan, the levels of Cr 
found in Obiagu (0.02 mg/L) and Ani Street (0.05 mg/L) were with-
in WHO’s safe limit of 0.05 mg/L, however Oriefete (0.10 mg/L) is 
much higher.

 The pollution from Cr, may be from industrial sources. Car-
diovascular diseases, kidney-related problems, neurocognitive 
diseases, and cancer are related to the traces of chromium (Cr) 
(Rahmanian et al., 2015). Recently, arsenic (As) has attracted glob-
al attention for its notoriety in human (WHO, 2011). Arsenic (As) 
and mercury (Hg) can cause serious dermatological effects, tumour, 
damage to kidney and liver [10]. In fact, Hg and inorganic Hg com-
pounds are classified in group 3 carcinogens [30]. The use of index 
and indicator organisms to assess the microbiological and sanitary 
quality of waters is an accepted method and has been in practice for 
nearly a hundred years. The most widely used indicators are coli-
forms (total coliforms), faecal or thermotolerant coliforms, Esche-
richia coli, enterococci (faecal streptococci or intestinal enterococ-
ci) and bacteriophages [31]. These microorganisms can be used as 
indicators of faecal pollution. 

In present study, Escherichia coli, Clostridium perfringens, 
Streptococcus faecalis and Enterobacter aerogenes were present in 
all water samples. These enteric microorganisms (Escherichia coli, 
Streptococcus faecalis and Enterobacter aerogenes) are excreted in 
the faeces of infected individuals or animals and may directly or 
indirectly contaminate water intended for human consumption 
[32]. Heavy rains contributed to the run-off of water from open def-
ecation site in ground water. The result of the questionnaire sur-
vey shows that many of the respondents use the underground well 
water for cooking and bathing. This may have some health impli-
cations as the contaminants in these waters have been associated 
with health conditions [34]. 

Conclusion
The large chunk of analyses done on water samples in this study 

did not conform to WHO standard requirements for drinking water. 

This calls for approach and design of regular treatment procedures 
by regulatory authorities concerned to ensure good water quality 
before underground water in these areas can be considered for 
drinking or even bathing or washing as the high concentration of 
Arsenic and acidic pH for example may cause serious skin problems 
and corrosion of metallic materials respectively.
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