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Abstract
Enyigba in south-eastern Nigeria is one of the agrarian communities facing water scarcity challenges. The open cast min-
ing activities in the region are also compounding the water problems as a result of leakage of heavy metals that pollute the 
limited water resources. This study is conducted to document the current state of surface water contamination by heavy 
metals and its impact on domestic and agricultural uses. Thirty water samples were collected from five sources at both the 
upstream, middle stream and downstream of each of the selected sites. The heavy metals were analysed using the standard 
laboratory methods. Generally, the average concentrations of As, Cd, Cu, Pb and Zn in the studied water bodies were 17.68, 
4.30, 3.14, 0.05 and 35.57 mg/l, respectively, which were above the WHO permissible limit. Contamination of water above 
WHO permissible limits with heavy metals in the surface waters, because of open cast mining, is considered a serious threat 
to both domestic and agricultural usage. The need for establishment of treatment facility, periodic monitoring of heavy metal 
levels, recycling plants and principal technologies to monitor the mine sites are hereby recommended.
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Introduction

Water is an essential and highly scarce resource for human 
being whose demand has always been driven by population 
pressure and huge demands for water in meeting various 
anthropogenic needs (McDonald et al. 2011a, b; Oyedotun 
2012; Böhmelt et al. 2014). Compounding the water chal-
lenge is climate change which affects not only the water 
availability but also quality, demand and use (Mouratiadou 
et al. 2016) with diverse implications beyond the water sec-
tors alone (McDonald et al. 2011a, b). This is especially 
true of many communities in sub-Saharan Africa (SSA) as 

affirmed by the studies of Zhu and Ringler (2010), Oyedotun 
(2012), Asaba et al. (2013), Uguru (2014) and Scanlon et al. 
(2016). The report of UNEP (2008) stated that one-third of 
the African population now live in drought-prone areas, and 
almost all the SSA countries will experience water stress 
by 2025. However, more population in SSA are noted to be 
without access to water in 2015 than those in 1990 (Scanlon 
et al. 2016), a continuous challenge that is yet to be abated 
more than 15 years into the new millennium in SSA coun-
tries. Currently, both the population and climate pressures 
have made the south-eastern Nigeria to face freshwater scar-
city for agricultural and domestic uses (Okogbue and Ukpai 
2013; Okolo 2014). Coupled with this is the contamination 
of the limited water resource by heavy metals because of 
open cast mining activities in the region (Nnabo 2016).

Open cast mining is the process of removing the vegeta-
tion and the use of heavy equipment and hard implements 
to mine a target mineral (Bagherpour and Tudeshki 2007; 
Ezeaku 2012), thus creating pits and dumps in the process 
leading to land degradation (Okolo et al. 2015). Heavy metal 
pollution of water bodies is caused when such metals as arse-
nic (As), silver (Ag), cobalt (Co), cadmium (Cd), lead (Pb) 
and zinc (Zn) in excavated rock or in an open underground 
mine come in contact with water (SDWF 2010). Open cast 
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mining gives rise to acid rock drainage—a natural process 
whereby sulphuric acid is produced when sulphides in 
rocks are exposed to air and water (SDWF 2010; McCarthy 
2011). Acid mine drainage (AMD) arises primarily when 
the mineral pyrite in rocks meets oxygenated water (McCa-
rthy 2011). The acid produced is carried off the mine site 
by rainwater or surface drainage and deposited into water 
bodies or groundwater, thereby polluting them. Acid mine 
drainage (AMD) severely contaminates and degrades water 
quality, causing severe damages to aquatic life and mak-
ing water virtually unusable and inimical to human health 
(Yang et al. 2016). Water pollution occurs when harmful 
substances are discharged into water bodies without pro-
vision of adequate treatment for the removal of harmful 
compounds, and/or when there is a significant change in 
its ability to support its biotic communities (Ezeaku 2012; 
Ascott et al. 2016) and this remains a major challenge in 
south-eastern Nigeria (Okolo 2014). In addition to over 
population, water pollution is another major global problem 
which requires continuous ongoing evaluation, systematic 
approach and revision of water resource policy at all levels 
(Haddis et al. 2014; Waseem et al. 2014; Seth et al. 2016). 
Water pollution has potential toxic effects on living organ-
isms (Segura et al. 2006; Bodrud-Dozaa et al. 2016) and 
critically degrades aquatic system (Suresh et al. 2012; Tang 
et al. 2013). Heavy metal contamination of streams, river 
and groundwater ecosystems remains a global environmen-
tal problem, and in almost all cases, the effect is damaging 
to natural biological communities, individual species and 
wider ecosystem populations (Sekabira et al. 2010). Of the 
wide diversity of contaminants challenging the usability of 
water resources, heavy metals remain of remarkable con-
cern because of their toxicity, persistence and bioavailability 
(Montouris et al. 2002; Wu et al. 2016) and their strong tox-
icity even at low concentrations (Marcovecchio et al. 2007). 
Heavy metals are persistent environmental contaminants and 
are at least five times denser than water (SDWF 2010). As 
such, they cannot be metabolized by the body but are rather 
stable and bioaccumulative (Sekabira et al. 2010). These 
toxic metals are sometimes passed up through the food chain 
to humans (Fakayode and Olu-Owolobe 2003). These metals 
include mercury, nickel, lead, arsenic, cadmium, alumin-
ium, platinum and copper (in their metallic and ionic form) 
(Alloway 1995; Kabata-Pendias and Pendias 2001; SDWF 
2010). There are indications that heavy metal contamina-
tion is among the leading causes of deaths globally after 
ischaemic heart disease, stroke, cancer and lower respiratory 
infections (Goel 2006; Hogan 2010; WHO 2014). Heavy 
metal contamination has been observed to account for deaths 
of more than 14,000 people daily (Goel 2006). Apart from 
the acute problems of water pollution reported in developing 
countries (Nigeria inclusive), developed nations are not also 
exempted from this environmental phenomenon challenging 

our ubiquitous resource, water (Ascott et al. 2016). In addi-
tion to anthropogenic activities, natural incidences such as 
volcanoes, algae, blooms, storms and earthquakes equally 
cause major alterations in water quality and the ecological 
status of water which are inimical to human health.

Ebonyi State in south-eastern Nigeria is an agrarian state 
(Okolo et al. 2013) and has a severe problem of reduced 
quality of portable water (Okogbue and Ukpai 2013). The 
inhabitants of Enyigba (in Ebonyi State, south-eastern Nige-
ria), which is one of the major communities where mining 
is heavily done in the state, are historically farmers who 
make use of the surrounding water bodies for irrigation and 
domestic purposes (Nnabo 2015a, 2016). Previous studies 
at the study location focused on the impact of heavy metal 
contamination on abandoned mine pits, underground water 
sources, rivers, streams and artificial lakes (Ezeh 2007; Ezeh 
and Anike 2009; Nnabo 2015b, c, 2016), thus neglecting the 
active mine pits which usually serve as source of irrigation 
to the local farmers during periods of water scarcity.

Indeed, mineral extraction and extractive industries 
have increased enormously in the last sixty (60) years 
in response to increasing demands for more energy and 
primary commodities (Matinez Alier et al. 2003; Kraus-
mann et al. 2009); the relaxation or inobservance of min-
ing laws (Bridge 2004; Arboleda 2015; Basu et al. 2016); 
and different technological innovations and techniques 
(Watts 2015). With the increase in mining activities are the 
increases in environmental problems, communal conflicts 
and resistance (e.g. Castells 2013; Martinez Alier et al. 
2014; Kirsch 2014; Gamu et al. 2015; Conde and Le Billon 
2017). Interest and studies on impacts of mining activities 
on communities have been increasing during the last few 
years (e.g. Khan et al. 2013; Arsel et al. 2016; Northey 
et al. 2016; Engels and Dietz 2017; Andrews 2018; Ask-
land 2018; Mhlongo, et  al. 2018; Rakotondrabe et  al. 
2018); however, not all the impacts of mining on rural 
communities are widely reported except those that buttress 
the importance of such activities to the income of the com-
munities or that of the economic developments of nations 
involved (e.g. Bury, 2007; Bashwira et al. 2014; Seccatore 
et al. 2014; Lghoul et al. 2014; Achtenberg 2016; Brain 
2017; Louw and Marais 2018). Like most developing 
countries, Nigeria is not immune to the real and poten-
tial threats of small-scale mining activities on the aquatic 
and terrestrial environments (air, flora, fauna, soils and 
water resources, etc.), (Ibetao and Okoye 2010), but most 
of the investigations have focused on the impacts of open 
pit mining that focused on surface water with emphasis on 
other parts of Nigeria (e.g. Ayodele and Abubakar 2001; 
Ameh and Akpah 2011; Ogwueleka 2015; Taiwo and 
Awomeso 2017) and in this location on the abandoned pit 
(e.g. Ezeh and Anike 2009; Nnabo 2015b; c; 2016). The 
overarching aim of this study is to investigate the impacts 
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of open cast active mining on surface water quality, which 
is the main source of irrigation and domestic usages in 
Enyigba, a rural community in the south-eastern Nigeria. 
The specific objectives are to assess selected physical and 
chemical characteristics of surface water sources in the 
study area and to ascertain the toxicity levels of the water 
using WHO standard.

Recently, Ngele et al. (2015) in a similar study com-
pared the contamination levels in an active mine pit and 
a nearby pond in Enyigba mine district in south-eastern 
Nigeria, without considering other surface water bodies 
in the area, which is the gap this study intends to cover. 
Activities of small-scale miners have left behind numerous 
artificial ponds and pits, which form sources of drinking, 
agricultural and other domestic purposes for the inhabit-
ants, especially during periods of water scarcity. Thus, 
water available within the Enyigba mine vicinity might 
have been contaminated by potentially toxic elements 
from tailings emanating from mining activities through 
wind and water within the vicinity of the mine area. Hith-
erto, there have been limited scientific studies to assess 
the extent of heavy metal contamination in the surface 
water as a result of the defunct and ongoing small-scale 
mining activities in this location, hence another justifica-
tion for this study. The research finding is hoped to docu-
ment the growing interest in the rising number of rural 
environmental problems, especially water quality con-
cerns, that are linked to small-scale open cast mining and 
contribute to the growing literary knowledge of this issue 
in south-eastern Nigeria, which is hoped to help relevant 

stakeholders in environmental land use planning and water 
management.

Materials and methods

The study area

The study was conducted at Enyigba in Abakaliki Local 
Government Area of Ebonyi State, Nigeria. Enyigba is 
14 km southeast of Abakaliki in Southeast Nigeria. The 
area of study lies between latitudes 6°07′N and 6°12′N and 
longitudes 8°05′E and 8°10′E in the derived savanna vegeta-
tion zone (Fig. 1).

The area experiences bimodal pattern of rainfall 
(April–July) and (September–November) with short dry 
spell in August normally called “August break”. The total 
mean annual rainfall is between 1700 and 2000 mm. At the 
onset of rainfall, it is torrential and violent, sometimes last-
ing for 1–2 h. The minimum and maximum temperatures 
are 27 °C and 31 °C, respectively, while relative humidity 
is in the range of 60–80% (ODNRI, 1989). Population of 
Enyigba community (suburb of Abakiliki) is estimated to be 
8000 from the 79,280 population of the Abakaliki (capital 
of Ebonyi State, south-eastern Nigeria) inhabitants accord-
ing to 2006 Population Census (Hoiberg 2010; Oriji 2011). 
The dry harmattan wind from Sahara Desert prevails in the 
dry season. In the rainy season, the significant wind is the 
marine wind from the Atlantic Ocean. The soil in this area 
belongs to the order Ultisol (FDALR 1985). The relief of the 

Fig. 1   The map of Enyigba community showing the sampling sites 
(insets: map of Nigeria showing Ebonyi State and map of Ebonyi 
State showing location of Enyigba community: The data for the map 

were extracted from the DIVA-GIS database (http://www.diva-gis.
org/), ©1995-1998, LizardTech, Inc.; Enyigba map—courtesy of 
Mapcarta © http://mapca​rta.com/es/17032​198/Mapa)

http://www.diva-gis.org/
http://www.diva-gis.org/
http://mapcarta.com/es/17032198/Mapa
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area is undulating but with isolated hillocks that rise up to 
200 m above sea level (Obiora et al. 2016). The vegetation of 
the area is Parkland, characterized mainly with grasses and 
shrubs which is derived savannah (Obiora and Umeji 2004; 
Obiora et al. 2016). This consists of dark sandy shales, with 
fine-grained micaceous sandstone and mudstone. The lithol-
ogy of the area comprises of rocks and shales belonging to 
the Asu River Group of the Albian Cretaceous sediments, 
while the sedimentary rocks are predominantly black cal-
careous shale with irregular intercalation of siltstone. The 
group is known to be associated with Pb–Zn mineralization 
with shales which are often calcareous and pyritic (Ezeh and 
Anike 2009), and the rocks are extensively fractured, folded 
and faulted, while the geology and mineral resources are the 
main factors responsible for the availability of heavy metals 
(Nnabo 2015a). Surface drainage in the area is quite undu-
lating and irregular with several ephemeral ponds, streams 
and rivers which always dry up with the advent of raining 
season.

Water sampling and analysis

Three water samples (top stream, middle stream and bot-
tom stream) were collected in duplicates from five sources 
to give a total of thirty water sample readings. The surface 
water samples were collected from the following sources 
within Enyigba mining community, namely Ebonyi river, 
Akpara Izzi, Nwerugvu pond, active mine pit and abandoned 
mine pit with their coordinates shown in Fig. 2. The sources 
were randomly selected without consideration of distance 
from mine pits and depict the major sources of water in 
Enyigba community for both domestic and agricultural 
purposes. The upper, middle and bottom positions of the 
surface water sources served as up-mid and downstream, 
thus representing the replicates for each source. The tem-
perature of the water samples was taken immediately at the 
sites of collection using a simple thermometer calibrated in 
degree Celsius (Rasool et al. 2016). Insoluble matter was 
removed from the samples by filtration using the Whatman 
filter papers number 42 (Kramer 1994; Eaton et al. 1995). 
Total dissolved solid (TDS) was determined in situ by using 
HQD Hach Lange multiparameter metres (Manchester, UK) 
in line with the procedure recommended by Kribek (2013) 
for the UNESCO-SIDA-sponsored Abandoned Mines Pro-
ject in sub-Saharan African countries. The pH of the water 
samples was measured electronically on direct-reading pH 
meter using a glass electrode with a saturated potassium 
chloride calomel reference electrode (Mclean 1982) at the 
Soil Science Research Laboratory, University of Nigeria. 
Tight-capped high-quality polyethylene bottles were used 
for sample storage. Prior before use, the bottles were washed 
by distilled deionized water and rinsed overnight in 10% 
(v/v) nitric acid and later with the sample surface water 

before filling. The method followed by Assubaie (2015) was 
adopted to prevent precipitation of metals and biological 
growth, by the addition of few drops of concentrated nitric 
acid to samples to obtain pH around 2. Thereafter, sam-
ples were immediately transported to the laboratory of the 
Department of Soil Science, University of Nigeria, Nsukka, 
in iceboxes and stored at 4 °C up to analysis (after Tang et al. 
2013). Standard laboratory methods were followed for the 
determination of heavy metals surface water quality param-
eters (APHA-AWWA-WPCF 1998). The concentrations of 
heavy metals in the water samples, namely arsenic (As), cop-
per (Cu), lead (Pb) and zinc (Zn), were determined by induc-
tively coupled plasma-optima emission spectrometry (ICP-
OES, Optima 5300DV, PerkinElmer Instruments, USA), 
while cadmium (Cd) was determined by atomic absorption 
spectrometer (AAnalyst 800, PerkinElmer Instruments, 
USA) under standard operating laboratory conditions. All 
the samples from the surface waters were analysed, and the 
results of all parameter were the average of the three surface 
water samples from each source.

Results and discussion

In all the surface water samples, the mean pH values ranged 
from 5.5 in active mine pit to 6.9 in abandoned mine pit and 
Ebonyi River (Table 1). All the surface water sources have 
pH mean value within the WHO permissible limit (6.5–8.5) 
with the exception of active mine pit (5.5). The relatively 
low pH of active mine pit may be due to dissolution and 
decomposition of sulphide minerals including pyrite in mine 
waste dumps tailings (Ezeh and Anike 2009). Expectedly, 
the low pH especially in active mine pit implies that AMD 
has been produced. Similar results of low pH in surface 
waters have been reported by Nnabo (2015b) in the same 
study area.

Arsenic (As)

Arsenic (As) mean concentration in the study area ranged 
from 0.02 mg/l to 61.44 mg/l. The highest mean concentra-
tion of As (61.44 mg/l) was detected at Nwerugvu pond. 
(Nwerugvu pond is not a flowing water body and is closer 
to an active mine pit (Mkpoda Ugwvu) which is a possible 
source of contamination (Okolo et al. 2015).) The lowest 
mean concentration of 0.02 mg/l was detected at active mine 
pit (Fig. 2c and e). The highest As concentration recorded 
at the area of study is lower than the upper limit of 91 mg/l 
from the normal range of 30–91 mg/l in a study of water 
quality in Bestari Jaya ex-mining area, Peninsular Malay-
sia (Ashraf et al. 2010), and much higher than the range 
of 0.01–2.50 mg/l in a study of surface water contamina-
tion by heavy metals from Enyigba Pb–Zn mine district, 
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south-eastern Nigeria (Nnabo 2016). The mean range of 
0.02–61.44 mg/l concentration of As in the present study 
is higher than critical water total concentration of 0.01 mg/l 
(WHO 2011). This range of 0.02–61.44 mg/l mean concen-
tration of As is 2–6 times above the WHO (2011) limit for 
water quality (Table 1). In contrast with results of the present 
study, O’Niell et al. (2015) in a study of contaminants in sur-
face water and sediments near the Tynagh silver mine site, 
County Galway, Ireland, reported that the concentrations 

of As in all water samples studied were below limits of 
detection (LOD). Elevated levels of As and Mn have been 
reported in waters nearby the mine wastes generated from 
mining of Ba–Pb–Zn quartz veins at Segura area, central 
Portugal (Antunes et al. 2008). Higher As values above the 
WHO permissible limits have also been reported by Omaka 
et al. (2017) in water samples collected from different parts 
of south-eastern Nigeria. These elevated values of As con-
centration in all the water sources in the study area make 

Fig. 2   ‑ Water sources: a 
Akpara Izzi stream, one of the 
tributaries of Ebonyi River b 
sampled for this study. Ebonyi 
River is the major source of 
water for farming and domes-
tic usages of the inhabitants 
of Enyigba, Ebonyi State of 
Nigeria. c Example of active 
mine pit showing the wooden 
ladder being used for mining 
operations, the blue pipe being 
used for draining water from 
the mine pit into the adjoining 
farmlands, Akpara Izzi stream 
and other streams within the 
vicinity of the mining sites. d 
and f examples of abandoned 
mine pits filled with water and 
heaps of fine-grained wastes 
(tailings) surrounding the pit. 
e Example of dry active mine 
pit with wooden ladder used for 
mining operations
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the water unsafe for human and animal consumption. High 
As concentration may have been associated with the mining 
activities in the area.

Cadmium (Cd)

Cadmium mean concentration in the sampled surface waters 
ranged from 1.28 to 11.01 mg/l (Table 1) and exceeds the 
WHO (2011) drinking water limit of 0.003 mg/l (Table 1). 
The highest Cd concentration (11.01 mg/l) was detected at 
Ebonyi River and is 4 times above the WHO (2011) drinking 
water limit. The high concentration of Cd in Ebonyi River 
(Fig. 2b) could be attributed to the transportation and re-
deposition in downstream of mobilized contaminants ema-
nating from mine tailings. Through this, contaminants are 
introduced into the stream ecosystem, which are tributaries 
of the Ebonyi River. On the other hand, the source of Cd 
could be from phosphate fertilizer that is usually used in 
that area (Chukwuma, 1994) as reported in Okolo (2014). In 
the area of study, this is of serious concern because Ebonyi 
River is significant in the region as a major source of water 
for irrigation, municipal water supply and a major source of 
fish, molluscs and crustaceans which serve as a major source 
of food in the area. Similarly, as observed by Navarro et al. 
(2008), Pb, Zn and Cd along this water body may have origi-
nated from sulphide minerals within the mine area. Assubaie 
(2015) reported a much lower Cd range of 0.009–0.013 mg/l 
in an assessment of the levels of some heavy metals in water 
in Alahsa Oasis farms, Saudi Arabia, with analysis by atomic 
absorption spectrophotometry compared to Cd levels of the 
present study. The results of the present study indicate con-
tamination of the water bodies with Cd which is consistent 
with previous studies in the study location (Ezeh and Anike 
2009; Nnabo 2015a, b, c, 2016) and other parts of south-
eastern Nigeria (Omaka et al. 2017).

Copper (Cu)

The mean concentration of Cu in the sampled surface 
water was in the range of 1.84 mg/l–4.77 mg/l (Table 1). 
The highest concentration of 4.77 mg/l was detected at 

active mine pit and the lowest concentration of 1.84 mg/l 
at Ebonyi River (Table 1). The concentration of Cu in sur-
face water throughout the sampled water bodies exceeds 
the WHO (2011) drinking water limit of 2 mg/l (Table 1) 
with the exception of Ebonyi River which recorded 
the lowest concentration of 1.84  mg/l. The range of 
1.84 mg/l–4.77 mg/l in the present study is higher than 
the range of 0.004–0.026 mg/l as reported by Ezeh and 
Anike (2009) in the samples of surface waters from the 
same Enyigba mine district and also higher than the rate 
of 0.011–0.017 mg/l reported by Assubaie (2015) in an 
assessment of the levels of some heavy metals in water 
in Saudi Arabia. High-level Cu in the study area with 
exception of Ebonyi River could be attributed to the pos-
sible contribution from anthropogenic sources, with the 
industrial and/or domestic activities as another potential 
source of contribution by Cu in the environment of the 
study area. Nnabo (2016) in a study of surface water con-
tamination by heavy metals from Enyigba Pb–Zn mine 
district, south-eastern Nigeria, reported a Cu concentration 
range of 0.01–1.22 mg/l which is lower than the range of 
the present study.

Lead (Pb)

The concentration of Pb throughout the sampled surface 
water exceeds the WHO (2011) drinking water limit of 
0.01 mg/l (Table 1). Nwerugvu pond recorded the lowest 
mean concentration (0.032 mg/l), while active mine pit gave 
the highest mean concentration (0.068 mg/l) which are 3 
and 7 times above the WHO (2011) drinking water limit, 
respectively. Lead was not detected in Akpara Izzi (Fig. 2a), 
Ebonyi River (Fig. 2b) and abandoned pit (Fig. 2d). How-
ever, the inability to detect Pb in the aforementioned water 
bodies does not mean that it is meeting the recommended 
drinking water standard of 0.01 mg/l. Thus, the inability to 
detect Pb does not mean Pb is not in the water bodies, but 
rather it simply shows that it could be present in amounts 
below the detection limit (DL) of our analytical instrument. 

Table 1   Mean values of heavy metal concentration (mg/l) of As, Cd, Cu, Pb and Zn in surface water/WHO permissible limits

TDS total dissolved solid, As arsenic, Cd cadmium, Cu copper, Pb lead, Zn zinc, T (°C) temperature in celsius, – traces (not detected)

Sample location/WHO permissible limit Elevation (m) pH TDS T (°C) As (mg/l) Cd (mg/l) Cu (mg/l) Pb (mg/l) Zn (mg/l)

Abandoned pit 49.1 6.9 120 29 7.49 1.28 3.05 – 27.46
Active pit 58.7 5.5 40 29 0.02 4.77 4.77 0.07 27.46
Akpara Izzi stream 44.9 6.7 90 29 11.99 2.33 2.51 – 31.38
Nwerugvu pond 61.2 6.5 50 29 61.44 2.13 3.56 0.03 65.38
Ebonyi River 33.7 6.9 110 27 7.49 11.01 1.84 – 26.15
WHO permissible limit (2011) 6.5–8.5 500 <15 0.01 0.003 2.00 0.01 5.00
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The reasons for this are still unclear, and further investiga-
tions are needed.

Zinc (Zn)

Zinc mean concentration in the studied surface water 
bodies was all above the WHO drinking water limit of 
5.00 mg/l and ranged from 26.15 to 65.38 mg/l (Table 1). 
The lowest Zn mean concentration of 26.15 mg/l is 5 times 
above the WHO limit, while the highest Zn mean concen-
tration of 65.15 mg/l is 13 times above the WHO limit. 
Nwerugvu pond recorded the highest Zn mean concen-
tration of 65.38 mg/l, while Ebonyi River recorded the 
lowest Zn mean concentration of 26.15 mg/l. The mean 
range of 26.15–65.38 mg/l recorded in the present study 
is far below the range of 86–132 mg/l reported by Ashraf 
et al. (2009) in ex-mining area of Bestari Jaya, Penin-
sular Malaysia, but very much higher than the range of 
0.006–0.023 mg/l with mean concentration of 0.01 mg/l 
reported by Ezeh and Anike (2009) in surface waters of 
Enyigba mining district of Ebonyi State. The highest mean 
Zn concentration of 65.38 mg/l recorded at Nwerugvu 
pond could equally be associated with human activities 
such as the use of chemical- and zinc-based fertilizers 
(zinc sulphate hepta fertilizer 98% ZnSO4.7H20 and zinc 
EDTA fertilizers) by farmers in the area (Nweke et al. 
2008). Similar to results of this present study, Omaka 
et al. (2017) equally reported significantly higher values 
of Zn concentration in water samples from different parts 
of south-eastern Nigeria. The higher concentration of Zn 
in the present study coupled with its high mobility rate 
poses a serious health challenge in water bodies of the 
study area, where mining operations and deposits of sphal-
erite may contribute to higher concentrations. In general, 
the distribution of the heavy metals in the surface waters 
is Zn > As > Cd > Cu > Pb. Therefore, the metals with the 
highest and lowest mean levels are zinc (65.38 mg/l) and 
Pb (0.032 mg/l), respectively.

Generally, all the water bodies analysed showed higher 
concentrations of heavy metals above the WHO permissi-
ble, which is a strong indication of pollution as a result of 
some defunct and the ongoing open cast mining within the 
vicinity. The observed high concentrations of heavy met-
als in the sampled water bodies, especially in Nwerugvu 
pond, Akpara Izzi stream and Ebonyi River in the long 
run, may have a direct negative health impact (damaged 
or diminished mental and central nervous function, and 
also, lower energy level) when used as drinking water by 
both humans and livestock. Also, the water from ponds 
and mine pits when pumped with pipes and sprayed on 
the surrounding farm lands could expose the surface soils 
and agricultural crops to high heavy metal contamination 
(Fakayode and Olu-Owolobe 2003). This will eventually 

lead to high metal accumulation in crops and leaching of 
these heavy metals to ground water, thus a great threat to 
human health.

Total dissolved solid (TDS)

TDS is a direct measure of all the organic and inorganic dis-
solved particles in water. The highest TDS value (120 mg/l) 
was recorded in abandoned mine pit, and this was possi-
bly caused by high solids loading in the abandoned mine 
pit. The TDS values recorded in this study were below the 
WHO permissible limit of 500 mg/l (Table 1), but higher 
than the value (50.7 mg/l) recorded in polluted stream water 
in an open cast mining district of Nasarawa State, Nigeria 
(Ezeaku 2012) and much lower than the elevated values of 
653 and 384 mg/l recorded in mechanic village and Chan-
changa river, respectively, in Niger State, Nigeria (Tsado 
et al. 2014). The range of TDS values recorded in this pre-
sent study is similar to the TDS values (< 500 mg/l) reported 
by Omaka et al. (2017) in selected parts of south-eastern 
Nigeria. High TDS influences virtually all other qualities of 
water, for example hardness, taste and corrosion properties. 
Low TDS values in this study simply imply that the water 
can be generally treated by conventional method although it 
may reduce basic utility of water for domestic (cooking and 
drinking) and irrigation purposes. Notably, TDS is gener-
ally negatively charged and therefore is more susceptible 
to heavy metalloids, reducing their concentrations in water 
(Seth et al. 2016). Olajire and Imeokparia (2001) reported 
that high levels of TDS in irrigated water may be an indi-
cation of seepage of filthy surface waters into the ground 
water and soil beneath the ground surface as water perco-
lates through them. Increase in dissolved solids in surface 
and irrigation water affects not only the soil efficiency but 
also the crops growth and yields (Abdullahi et al. 2010). 
Cropping activities were visible in the study area, and high 
levels of heavy metals and TDS may pose a threat to sus-
tainable agricultural production and may also be inimical to 
human health.

The mean temperature ranged between 27 and 29 °C and 
was above the WHO (2011) permissible limit of < 15 °C. 
The high temperature of surface water samples from active 
mine pit, abandoned pit, Akpara Izzi and Nwerugvu pond 
could be attributed to the increase in rate of chemical reac-
tion. The temperature range in the study area is comparable 
to the 28 °C reported by Oparaocha et al. (2010) in assess-
ing the quality of drinking water sources in south-eastern 
Nigeria.
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Conclusion

This study has shown that open cast mining evidently 
impacted on the water usage, thus leading to heavy metal 
contamination of Pb, As, Zn, Cu and Cd. The report of 
this study on heavy metal contamination of surface water 
bodies such as river, stream, pond, active mine pit and 
abandoned mine pit has been shown here to impact the 
water properties at Enyigba south-eastern Nigeria. In all 
the water bodies analysed, heavy metals were found to be 
above WHO (2011) permissible limits. Therefore, based 
on high levels of reported heavy metal in the water bod-
ies, there is urgent need for holistic detailed research com-
prising soil, crop, water and biodiversity research of the 
Enyigba mine district to ensure environmental and agri-
cultural sustainability.

Finally, the primary water pollution problem facing the 
inhabitants of the area is the lack of clean drinking water 
devoid of substances inimical to human health. Thus, con-
certed efforts should be made by State, Local and Federal 
Governments to ensure access to safe drinking water for the 
inhabitants of Enyigba community through adequate provi-
sion of water treatment and observations of the recommen-
dations aforementioned above.

The study here further revealed that high heavy metal 
concentrations in water bodies above permissible limits can 
result in human health hazard and probable contamination 
of the food chains wherever open cast mining activities 
are undertaken in anywhere in the world without adequate 
check.

Recommendation

More so, some heavy metals are naturally occurring (Pb, Zn 
and As are stored in some rocks); hence, we recommend fur-
ther studies with the use of principal component analysis to 
specifically identify various sources of contamination apart 
from the mining operations in the study area. It is hereby 
recommended that five principal technologies used to moni-
tor and control water flow at mine sites, as suggested by the 
International Network for Environmental Compliance and 
Enforcement (INECE) URL, be applied: diversion systems, 
containment ponds, groundwater pumping systems, subsur-
face drainage systems and subsurface barriers.

Due to high concentration of heavy metals in the sam-
pled water bodies, there is urgent need for construction of 
adequate and effective impoundments or dams designed to 
hold the tailings and mine water emanating from the mine 
pits and perform a number of functions, including treatment 
functions and recycling. More so, there is need for regular 
and effective periodic monitoring of soil and surface water 
quality so as to ensure that the standards of heavy metal 

constituents as set by WHO are not exceeded. Also, sea-
sonal assessment of the surrounding water bodies (during 
rainy and dry seasons) is highly recommended and this will 
equally add to existing knowledge with regard to seasonal 
variations in levels of heavy metal concentration in mine 
sites.
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