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Geoenvironmental Assessment of Lead-Zinc Mining in Abakaliki
Area of Southeastern Nigeria, in Relation to Heavy Metal Pollution
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Department of Geology, Federal University of Technology Owerri, Nigeria
ABSTRACT
The occurrence of lead (Pb) and zinc (Zn) heavy metals in Abakaliki area (study area) had been traced to the
Pb-Zn mineralization of Sanctonia tectonism in the Lower Benue Trough. During and after mining activities,
these elements, along with other heavy metals, are released into the Abakiliki environment by undergoing
dissolution (leaching) and other geochemical processes in the course of their movement along water ways,
thereby polluting the surface and underground waters. To ascertain the level of pollution of soil, surface and
ground waters by these heavy metals through the mining activities, we undertook the investigation of their
concentrations in the various water sources and soil samples within some mining communities (Enyigba and
Ohankwu) around Abakaliki area. Our study revealed high mean concentrations or enrichment of Pb
(5.27/0.49), Zn (6.57/6.11), Fe (3.04/3.16), Cr (0.12/0.04), and Mn (1.41/0.70 mg/l) in the surface water of
Ohankw/Enyigba, and Pb (0.13), Cd (0.04), and Fe (1.51 mg/l) in ground water samples of Enyigba. Similar
results were obtained for soil and stream sediment samples. These results show concentrations of the metals
higher than those of WHO and Federal Ministry of Environment limits. The implication of this is that people
living in these communities are exposed to health hazards associated with heavy metal poisoning and toxicity.
Keywords: Geoenvironmental, lead – zinc mining, health hazard, heavy metals, pollution.

1.0 Introduction
Our environment is continuously being polluted by
human and industrial activities. Recently emphasis
has been geared on principal sources of
environmental pollution, its health hazards and
mitigation of the hazards.
The mining of lead-zinc in Abakaliki, Ebonyi State
has constituted an environmental hazard in the area
due to uncontrolled and illegal mining activities.
Commercial large scale activities started in Nigeria
during the colonial era in 1935 but the low
economic output and the Nigeria civil war led to the
abandonment of the mining activities in the area.
Therefore, the indigenes resorted to illegal and
uncontrolled mining in these abandoned mining
sites. The first recorded production of Lead – Zinc
ore from the mine at Enyigba was in 1925
(Farrington, 1952).
The lead-zinc deposit in Abakaliki occurs as open
vein filling of a series of steeply dipping NS near

vertical fault which cuts regional fold (Abakaliki
anticlinorium). The deposit is recovered by open-pit
surface mining method. The mineral deposit is often
associated with other gangue minerals such as
marcasite, pyrite, quartz, barites etc.
Field processing is usually done with a separating
box in which lead and impurities are separated by
continuous flushing with water. Only the highest
grades are recovered and appreciable tonnage is lost
during field processing, particularly lead 'fines'
flushed out with associated impurities like sphalerite
(zinc mineral), galena (lead mineral).
Soils, sediments, groundwater and surface water in
most countries have long been known to be polluted
by heavy metals such as Pb, Zn, Cu, Ni, Cr, Cd and
Fe. The highest concentrations of these metals are
dominant in vicinities of mining sites. Cd, Ni and Cu
concentrations pose threats to marine fauna while Pb
concentration in the human body is neurotoxic.
Some heavy metals like Zn and Fe are beneficial to
humans in trace amounts, but toxic when tolerable
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levels are exceeded (Fordye, 2000).Thus the
presence of heavy metals in the environment
constitutes a major global source of concern to
environmental scientists and engineers because
heavy metals are not only harmful to humans and
animals, but tend to accumulate in the food chain.
Heavy metals have been found useful as indices of
pollution, because they are highly toxic to humans
and animals as well as have a persistent nature in the
environment, therefore a knowledge of the changing
concentration and distribution of heavy metals in
various compartments of the environment is a
priority for good environmental management
program all over the world (Don Pedro et al., 2004).
The uncontrolled introduction of the heavy metals
into the environment and its associated health
hazards could be reduced by properly checking the
mining activities of the local miners, by
Government taking 100 % control of the mining
activities and by sustainable waste disposal practice.
All these put into practice curb the effects of heavy
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metal concentration on the soils, surface water,
subsurface water and the edible vegetables around
the vicinity.
A study carried out by Onyedika & Nwosu (2005) in
some lead/ zinc mining communities of Ishiagu,
Nigeria concerning metal concentration in root
crops namely cassava, yam, cocoyam and potato
indicated relatively high concentration of lead and
zinc.
Direct discharge of large volumes of heavy quarry
wastes in some old mine pits of Ishiagu mining
district has rendered these pits unfit for fish and
other farming purposes. Ojiegbe, (2007) found out
that the dissolved oxygen concentration in these pits
are below what is required to support fish life.
Previous work by Ofulume et al. (2004) on the
concentration of heavy metals in water and soil of
Ishiagu lead- zinc mining town, showed excessive
metal concentrations in the order:
silver>cadmium>mercury>lead>zinc.

Figure 1: Location map of the study area

Okeke et al., Geoenvironmental Assessment...

FUTO Journal Series (FUTOJNLS), 2015, VOL. 1, Issue 2
p-ISSN: 2467-8325; e-ISSN: 2476-8456

209

Figure 2: Geologic Map of the Study Area (Adapted from Ezepue, 1984)
Lead - Zinc mineralization in the area
The Abakaliki Pb - Zn deposits occur in a series of
closely-spaced vertical to steeply dipping, subparallel fissures oriented N 50° W and associated
with three fault zones trending N 50° W too, in
fissure oriented N 55 °E.
The fault zones are characterized by wedge shaped
slabs of crushed and brecciated host rock between
randomly oriented ore stringers. The main sulphite
minerals galena (PbS) and sphalerite (ZnS) are
about 20 % by volume of the veins; gangues, e.g.,

siderite (FeCO3) and quartz (SiO2) constitute 80 %
and accessory minerals, pyrite (FeS 2 ) and
chalcopyrite (CuFeS2) less than 50 %, The vein
minerals exhibit notable crustification in which a
band of siderite deposited on the wall rocks followed
by galena, sphalerite and quartz successively away
from the wall rocks.
The width of vein rarely exceed 50 cm and thins out
along its strike (in pinch and swell appearance). The
mineral deposits are absolutely confined to dark grey
finely laminated Albian shales of the Asu River
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Group and overlain by the transgressive Ezeaku
Formation of Turonian age (Fig. 2). Wall rock
alteration is minimal, involving only silicification
and bleaching of shale host rock. Thus ore forming
fluids were not all that hot but about 100 °C
(Nwachukwu, 1972). Microdiorite sills were
emplaced near mineralized veins at Abakaliki,
hence early authors suggested that mineralizing
solutions were derived from the intrusive rocks
(magmatic hydrothermal origin).
Similar mineralogical association in the veins at
Ishiagu and Abakaliki ore belt show that the ore
fluids could have been of regional rather than of
local distribution. All workers on the Pb-Zn deposits
generally concur to epigenetic origin, but not all
epigenetic deposits are hydrothermal (Olade, 1976).
Intrusive sills emplaced concordant to the host
Albian Shale at Abakaliki consists of mafic to
intermediate compositions of magmatic sources.
Representative sample of these sills in the zone of
lead-zinc mineralization is leucocratic to
mesocratic, fine grained and slightly porphyritic.
The mineralogy principally comprises
microphenocrysts of plagioclase, augite,
hornblende and biotite groundmass of essentially
the same minerals including iron oxides and
secondary chlorite and calcite. Samples of sills
altered by hydrothermal solution contain veinlets of
quartz and minor siderite (Ezepue, 1983).
McConnell (1984) called the sills dolerite bodies,
which are elongated rougly east-west Pb-Zn mineral
zone.
Ezepue (1984) observed that although the
plagioclase compositions of all the intrusive rocks
show close relationship with andesite, their plots on
the alkali-silica diagram of Macdonald and Katsura
(1964) place the rocks firmly in the alkaline basalt
field. This he showed the intrusive to be
microdiorite sills that postdated mineralization.
Their emplacement is associated with the santonian
tectonic uplift (Murat, 1972; Nwachukwu, 1972).
2.0

Materials and Methods

A total of twenty one (21) samples of stream
sediments, groundwater, surface water and soils of
Enyigba and Ohankwu communities were collected.
Surface water samples were collected from the two
streams near the mine sites at 30 m intervals and the
control sample was collected outside the
communities (Fig. 1). The containers were washed
thoroughly and rinsed with the sample before

210

collection to avoid analytical error. The samples
were adequately labeled at the time of collection. A
manual borehole water sample at Enyigba
community that is about 100 m away from the mine
site was collected for analysis in which all the
precautionary measures were taken.
The stream sediment samples were collected at the
same points where the water samples were collected
and were stored in polythene bags and labeled.
Samples of soil were collected at the depth of 0.66 m
intervals from the mine sites in each community
(Enyigba and Ohankwu). The samples were stored
in polythene bags and adequately labeled at the time
of collection. Subsequently, the control soil samples
were collected at about 500 m from the mine sites at
the depth of 2 m and adequately labeled. The
locations of the sample points were taken using
Global Positioning System (GPS)
A chemical analysis of the groundwater, surface
water, stream sediments and soils was carried out to
determine the concentration of heavy metals using
the wet oxidation method.
3.0

Results and Discussion

The concentrations of heavy metal analyses results
for the stream water samples are shown in Table 1
and represented in Fig.3 along with the Federal
Ministry of Environment (FMENV- 2001) and
(World Health Organisation) acceptable limits.
The Ohankwu surface water showed high mean
concentration on the following metals: Pb (5.27
mg/L), Zn (6.84 mg/L), Fe (3.09 mg/L), Cr (0.12
mg/L), Mn (1.41 mg/L) when compared with
Nigerian Federal Ministry of Environment 2001
acceptable limits of Pb (0.05 mg/L), Zn (5.0 mg/L),
Fe (1.0 mg/L), and Mn (0.5 mg/L). The high
concentration of these heavy metals in the Ohankwu
surface water could be attributed to the closeness of
this abandoned mine to the stream and
indiscriminate dumping of the mine site tailings into
the stream as the neighboring kindreds cross the
stream as their pathway to the mine site. These
heavy metals have caused hard hearing, little
imbecility among children and minor cases of high
blood pressure in adults as revealed by my
reconnaissance survey in the community.
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Table 1: Surface water sample results of Ohankwu area.
Parameters

SWS 1

SWS
2

SWS
3

Mean

Range

Control
Sample

Mn (mg/L)
Fe (mg/L)
Zn (mg/L)
Pb (mg/L)
Cd (mg/L)

2.08
3.56
7.60
5.80
< 0.001

1.29
2.50
6.87
5.21
<
0.001
0.10
6.39

0.87
3.21
6.07
4.82
<
0.002
0.08
6.47

1.41
3.09
6.84
5.27
<
0.0013
0.12
6.42

0.87-2.08
2.50-3.56
6.07-7.60
4.82-5.80
0.0010.002
0.05-0.08
6.39-6.47

Cr (mg/L)
0.18
pH
6.41
NA = not available

0.00
0.42
0.04
0.001
< 0.001

FMENV
Limits
(2001)
0.50
1.00
5.00
0.05
0.03

WHO
Limits
2002
0.5
NA
5.00
0.05
0.01

0.09
6.60

0.1
6.5-8.5

0.005
NA

Figure 3: Comparison of heavy metal concentrations in Ohankwu surface water samples.
In Enyigba Stream, the result is summarized in
Table 2 and represented in Fig. 4, which showed
high concentrations in the following heavy metals mean Pb (0.49 mg/L), Zn (6.11 mg/L), Fe (3.16
mg/L), when compared with the FMENV acceptable

limits. The presence of gentle slope from the mine
site to the stream could be attributed to the high
concentrations of these heavy metals in the surface
water, through a run-off, and by leaching and
geochemical processes.
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Table 2: Surface water sample results of Enyigba area.
Parameters

SWS 1

SWS 2

SWS 3

Mean

Range

Control
Sample

Mn (mg/L)

0.83

0.56

0.81

0.7

0.00

Fe (mg/L)

4.33

3.52

1.63

3.16

0.42

1.00

NA

Zn (mg/L)

7.39

6.85

4.08

6.11

0.04

5.00

5.00

Pb (mg/L)

1.21

0.17

0.08

0.49

0.001

0.05

0.05

Cd (mg/L)

0.03

0.001

< 0.001

< 0.01

0.001

0.03

0.01

Cr (mg/L)

0.06

0.03

0.04

0.04

0.9

0.1

0.005

pH

6.51

6.48

6.45

6.48

0.560.83
1.634.33
4.087.39
0.801.21
0.0010.003
0.030.06
6.456.51

FMENV Limits WHO
(2001)
Limits
(2002)
0.50
0.5

6.50

6.5-8.5

NA

NA = not available

Figure 4: Comparison of heavy metal concentrations in Enyigba surface water samples.
The Enyigba borehole sample recorded high
concentrations of the following heavy metals Pb
(0.13 mg/L), Cd (0.04 mg/L), Zn (5.70 mg/L), and Fe
(1.51 mg/L) when compared with the FMENV
acceptable limits as shown in Table 3. The presence
of iron (Fe) in the borehole may be traced to the
occurrence of sedimentary ironstones in the whole
area under investigation and the presence of

cadmium in the borehole is a great risk to human
health in that it replaces zinc biochemically in the
body and causes high blood pressure, liver and
kidney damage, anaemia and cardiovascular
diseases. Cadmium destroys testicular tissues and
red blood cells and lead (Pb) is neurotoxin (USGS,
2006).
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Table3: Groundwater sample results of Enyigba area.
PARAMETERS
Mn (mg/L)
Pb (mg/L)
Cd (mg/L)
Zn (mg/L)
Fe (mg/L)
Cr (mg/L)
pH

E.B /H/GWS
0.41
0.13
0.04
5.07
1.51
0.06
6.25

Table 4: Ohankwu soil sample results
Parameters
SWS 1
SWS 2

FMENV Limits (2001)
0.50
0.05
0.03
5.00
1.00
0.1
6.5-8.5

WHO Limits (2002)
0.5
0.05
0.01
5.00
NA
0.005
NA

SWS 3

Mean

Range

Control Sample

250.00382.15
184.77339.16
139.46413.50
1168.01670.02
0.08-0.34
1.34-1.69
5.78-5.98

98.34

Mn (mg/kg)

382.15

319.45

250.00

317.2

Fe (mg/kg)

339.16

287.45

184.77

270.46

Zn (mg/kg)

413.50

380.75

139.46

311.23

Pb (mg/kg)

1670.02

1402.77

1168.02

1413.60

Cr (mg/kg)
Cd (mg/kg)
pH

0.34
1.56
5.98

0.13
1.34
5.78

0.08
1.69
5.86

0.18
1.53
5.45

74.62
106.38
469.50
0.09
0.06
5.74

Figure 5: Comparison of heavy metal concentrations in Ohankwu soil samples.
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The soil samples in Enyigba showed high mean
concentrations of Pb (1407.14 mg/kg), Fe (481.13
mg/kg), Zn (400.85 mg/kg), and Mn (323.01 mg/kg)
when compared with samples from the control area
of the following: Pb (289.28 mg/kg), Fe (223.76
mg/kg), Zn (90.12 mg/kg) and Mn (60.40 mg/kg)
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(See Tables 5 and Fig. 6). The high concentration of
lead implies that the soil is heavily polluted with
lead, and thus requires remedial investigation and
clean-up.

Table 5: Enyigba soil sample results.
PARAMETERS

SWS 1

SWS 2

SWS 3

MEAN

RANGE

Mn (mg/kg)
Fe (mg/kg)
Zn (mg/kg)
Pb (mg/kg)
Cd (mg/kg)
Cr (mg/kg)
pH

413
635.71
458.26
1784.14
0.03
0.001
5.77

297.10
479.21
359.62
1375.88
0.04
0.001
5.18

258.75
328.49
384.67
1061.41
0.06
0.002
5.61

323.01
481.13
400.85
140.14
0.04
0.0013
5.73

258.75-413.20
479.21-655.71
384.67-458.26
1061.41-1784.14
0.03-0.06
0.001-0.002
5.61-5.81

CONTROL
SAMPLE
60.40
223.76
90.12
289.28
0.06
0.002
5.64

Figure 6: Comparison of heavy metal concentrations in Enyigba soil samples.
The stream sediments( clay fractions) in Ohankwu
showed high mean concentration of Pb (638.38
mg/kg), Cd (1.53 mg/kg), Zn (311.23 mg/kg) and
Mn (236.46 mg/kg) when compared with the
average crustal composition standard (Taylor, 1964)

of Pb (12.50 mg/kg), Cd (0.20 mg/kg), Zn (70.00
mg/kg) and Mn (190.07 mg/kg) (See Table 6 and
Fig. 7). The high concentration recorded may be as a
result of this abandoned mine site to the stream.
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Table 6: Stream sediment sample results of Ohankwu area.
PARAMETERS SWS 1

SWS 2

SWS 3

MEAN

RANGE

Mn (mg/kg)
Fe (mg/kg)
Zn (mg/kg)
Pb (mg/kg)
Cd (mg/kg)
Cr (mg/kg)
pH
*(Taylor, 1964)

210.00
773.56
139.46
612.53
1.34
0.34
5.64

226.30
731.08
413.50
472.57
1.69
0.02
5.34

236.46
986.10
311.23
638.38
1.53
0.03
5.43

210.00-273.10
731.08-1453.67
139.46-413.50
472.57-830.05
1.34-1.69

273.10
1453.67
380.75
830.05
1.56
0.06
5.32

5.32-5.64

CONTROL
SAMPLE
181.27
252.17
101.48
97.27
1.01
0.001
6.59

CRUSTAL
AVERAGE*
190.07
NA
70
12.50
0.20
NA
NA

Figure 7.: Comparison of heavy metal concentrations in Ohankwu stream sediment samples.
The stream sediments in Enyigba area showed high
mean concentrations of Mn (253.86 mg/kg), Fe
(812.44 mg/kg), Zn (403.25 mg/kg), Pb (1503.41
mg/kg) when compared with the average crustal
composition standard (Taylor, 1964) of Mn (190.07
mg/kg), Zn (70.00 mg/kg), Pb (12.50 mg/kg) (See

Tables 7 and Fig. 8). The observed enrichment of
the metals in the sediment phase underlines the
basic fact that fine fraction (<63 µm) of stream
sediments usually acts as sinks for accumulation of
metals (Gibbs, 1977).
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Table 7: Stream sediment sample results of Enyigba area.
PARAMETERS SWS 1

SWS 2

SWS 3

MEAN

RANGE

Mn (mg/kg)
Fe (mg/kg)
Zn (mg/kg)
Pb (mg/kg)
Cd (mg/kg)
Cr (mg/kg)
pH
*(Taylor, 1964)

236.16
841.05
411.75
1416.72
0.42
0.001
5.34

205.99
731.09
413.50
1299.09
0.56
0.001
5.04

253.86
812.44
403.25
1503.41
0.77
0.001
5.31

205.99-319.45
731.09
384.51-413.50
1299.09-1794.42
0.42-1.35
0.001-0.002
5.04-5.57

319.45
865.17
384.51
1794.42
1.35
0.002
5.57

CONTROL
SAMPLE
181.27
252.17
101.48
97.27
1.01
0.001
6.37

CRUSTAL
AVERAGE*
190.07
NA
70
12.50
0.20
NA
NA

Figure 8: Comparison of heavy metal concentrations in Enyigba stream sediment samples.
Effects of these heavy metals in the environment

Lead (Pb) causes slight increase in blood pressure in
some adults (USGS, 2006).

Long term exposure to high concentration of Zn
may be toxic to the nervous system.

Manganese (Mn ) also affects the nervous system.

Lead (Pb) affects red blood cell chemistry, delays
normal physical and mental development in bodies
of young children. It also causes slight deficits in
attention span, hearing and learning in children.

Chromium (Cr) is injurious to livestock and
animals.
Cadmium (Cd) poses great risk to human health, in
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that it replaces zinc biochemically in the body and
causes high blood pressure, cardiovascular
diseases, liver and kidney damage and anaemia. It
also destroys testicular tissue and red blood cells
USGS (2006).
Iron (Fe) is non-toxic. It is an undesirable
constituent of drinking water because of its taste,
and color it impacts on it due to its oxides.
4.0

activities.
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Conclusions

The indiscriminate disposal of mine wastes and
illegal mining activities increased the concentration
of heavy metals in the soil, surface water,
groundwater and stream sediment in the areas
studied.
The analyzed stream samples of Ohankwu and
Enyigba, few heavy metals like Pb, Fe and Mn
showed high concentrations due to closeness of
mine site and the presence of gentle slope
respectively near the streams when compared with
the FMENV allowable limits and WHO limits and,
subsequently the analyzed stream sediments also
showed high concentrations of Pb, Cd, Zn, Mn and
Fe compared to the acceptable standards. The study
of soils of Enyigba and Ohankwu showed high
concentrations of Pb, Fe, Zn and Mn when
compared with the samples of the control area. The
Enyigba borehole is contaminated by increase in the
concentrations of Pb, Fe and Cd when compared
with FMENV limits and WHO limits.On the other
hand, the surface water of Ohankwu community is
more polluted than the surface water of Enyigba
community, while the Enyigba soil and stream
sediment are more polluted than those of the
Ohankwu soil and stream sediment.
5.0
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Recommendations

A further detailed study has to be done on the effect
of all these high heavy metals concentration on the
crops in the area and how to prevent its imminent
health hazards. Care must be exercised to safeguard
the contamination of water. Subsequently, soil,
plant and water quality monitoring has to be put in
place. The Federal Government of Nigeria should
encourage local and international Non
Governmental Organization on the need for
awareness creation on the on the dangers of illegal
mining and unwholesome littering or dumping of
tailings around people’s homes, as well as stopage
of child and women abuse, as it relates to mining
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