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Heavy metal contamination of soil, water, and crops, and their health
impact on residents, is a persistent social issue, and several studies have
identified health risks of residents living near abandoned mines. The
concentration of selected heavy metals (Cd, Cu, Pb, Zn, and Fe) in soils and
water around abandoned Pb-Zn mines in Yelu in Bauchi State, Northern
Nigeria was investigated. Results of the atomic absorption
spectrophotometric (AAS) analysis of samples of the soils revealed that for
heavy metals, the concentrations in the soils are above background levels
and permissible limits recommended for soils in some countries as
indicated by the following mean concentration ranges (mg/kg): Cu, 42.01-
111.60; Pb, 65.80 -291; Zn, 185.56-373; Cd, 12.62-20.70, and Fe, 0.583-
0.781 with a variation pattern in the order: Zn>Pb>Cu>Cd>Fe. The
contamination of Cu, Pb and Zn were high while Cd and Fe in the soil
samples were low. Zn, Cu and Pb concentrations exceeded the Dutch target
values (Zn: 50 mg/kg, Cu: 30 mg/kg, and Pb: 85mg/kg) in all the sampling
sites. The results of the analysis of the water samples were
Pb(16.63+%2.63),Cu(6.049.16+0.22),Zn(9.66+4.59), Cd(0.0012+0.06) and
Fe(0.189+0.450) in mg/1 respectively. The Pb, Zn and Cu concentration in
water were higher than WHO standards which indicated significant
contamination of the water, while the values for Fe and Cd were below
permissible limit. The results from the study indicated that the mining had
a direct impact on the concentrations of the heavy metals determined,
hence, the level of contamination of soil and water (with the exception of
borehole water) samples around the abandoned Zn-Pb mines.

Key words: Heavy metals, solid minerals, concentration, water, mining and mine
sites.

Mining of solid minerals has been identified as a major
entry point of heavy metals into the environment
consequently polluting various components of the
environment such as soil, water and air (Tsafe et al., 2012).
In the process of mining and extraction of a particular metal
the entire soil mass is excavated, laid bare and expose to
the environmental agencies of weathering, degradation and

transportation, this result in soil erosion and extensive
contamination of the surrounding areas. Opencast mines
and underground mines are the most commonly adopted
methods of extraction of minerals from the earth, especially
in developing countries like Nigeria (Ezeh et al, 2011).
After closure, mines can still impact the environment by
contaminating air, water, soil and wetland sediments from
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the scattered tailings, as well as pollution of underground
water by discharged leachate, unless proper remediation is
conducted. A wide literature reported the presence of
heavy metals intillage of mining areas across the world
(Tsafe et al.,, 2012).

In most mining areas of Nigeria where illegal mining is
commonly practiced, the interaction of solid minerals and
the water sources is inevitable. In essence, water bodies
such as rivers and lakes are used in floatation, a stage in
metallurgical process to separate the pure metals from
their ore after crushing.

The mining of northern Nigeria is known since the
colonial era. The popular among them is the Jos, and in late
seventies in Zamfara mining belt. The Zamfara mining
region has deposit of precious metals like tantalite and gold
among others (Alhassan et al, 2010).

Mining no doubt has impact negatively on agriculture
because of the complex catena of various interactions that
occur as waste containing heavy metals become part of the
ecosystem into which it deposited. Mining activities has
been reported to have impacts such as oxidation of metal
sulfate which induces soil acidification, impeding natural
biomass of vegetation, causing soil erosion and degradation
of aquatic ecosystem leading to the destruction of aquatic
life. More so, mine water impacts on agricultural soils and
hence plants irrigated with it. Impacts such as excessive
translocation of micro-nutrients than required in plants
and presence of hazardous metals have been reported
(Faruq et al., 2006). This results in bioaccumulation and
bio-transfer of harmful metals to human through the food
chain.

There is concern about the potential harmful effects of
these metals because besides affecting the productivity of
ecosystems, they could also impact on animal and human
health. Heavy metal contamination of agricultural soils and
crops surrounding the mining areas is a serious
environmental problem in many counties, Nigeria inclusive
(Ezeh et al,, 2011). Furthermore, there is risk of safety for
mine workers and residents in the vicinity of mining
environment subject to oral and nasal ingestion of the
poisonous metals. Akan et al. (2009) reported carcinogenic
risk of cancer due to As exposure from intake of soil, plants
and water in abandoned Songcheon Au-Ag mine in Korea by
three patients among hundred people. Risk assessment of
studies conducted by World Health Organisation (WHO) in
communities in Metrovica Europe exposed to Pb from
mining indicated children’s blood Pb levels to be
dangerously high with soil contamination as source of
exposure (Tsafe et al.,, 2012).

Numerous studies on mining and its effects on soil, plant
and water has been carried out in several countries with
limited studies undertaken in Nigeria. The objective of this
study is to assess the extent of heavy metals contamination
in of selected soils and water from abandoned Lead-Zinc
mines of yelu Alkaleri LGA of Bauchi State. The data
generated from the study will contribute to awareness of
the potential impacts of heavy metals pollutants and
provide a key to effective management of surface soil and

water quality around the mining area.

MATERIAL AND METHOD
Sample Location

Water and soil samples were collected from the locations:
Kwanan Kura (KK), Sabon target (ST), Nahuta tsamiya (NT),
and Nahuta china (NC) abandoned Pb-Zn mines inYelu,
Gwana district Alkaleri Local Government Area, Bauchi
State of Nigeria.

Yelu, Gwana district is a small community of not more
than one thousand and five hundred people. It is located
about 6 km north-east of Alkaleri road in Alkaleri local
Government area of Bauchi State in North-eastern Nigeria.
The major occupation of the rural dwellers is farming until
in the early eighties when galena, pyrite, sphalerite and
Malachite were discovered in the area and the exploration
reduced in early nineties due to low patronage, poor
exploration technology and so on. The mine stopped
production in 1995 with mine waste left untreated. Thus,
tailings and wastes are dispersed by wind and erosion on
soils, plants and water in the vicinity of the mining site.

The mining activity however, re-emerged within the early
21st century with the discovery of lead and zinc in the area.
The main mining activity is not carried out in the
residential area of community but artesian miners from the
village bring the mined tillage into their houses to complete
the isolation and purification. These processes include;
milling and continues washing until the concentrate is
gotten. Consequently, there is so much interaction with the
tillage at homes including children, house wives and the
aged ones.

Soil Samples Collection

All glass wares and plastics used in this work were washed
in detergent solution and thoroughly rinsed with tap water
and then sterilized by allow to soaked in concentrated
HCI/HNO3 of 4 cm acid mixture for 48 hours. These were
finally removed and rinsed again with distilled water and
dried in the oven at a temperature of 120°C.
Distilled water and “Analar” grade reagent were used

throughout this work unless where

A total of 4 surface soil samples at a depth of 0-15 cm
were collected from the mining site at various sport within
a site so as to obtain a true representative sample of all the
study area and labeled. The soil samples were homogenized
and air-dried for 4 days, ground in an agate motar and
passed through a 0.2mm sieve. The samples were then oven
dried until constant weight was obtained, then kept in a
labelled sample bottle and stored in a desiccator.

Water Samples collection

A total of six (6) water samples (6) were collected in plastic
bottles from different sources to include 3 surface water, 2



Table 1. Determination of soil pH in the samples from
the Pb-Zn mines

Soil Sample/Location pH value
Nahuta China 7.10
Sabon Target 8.92
Nahuta Tsamiya 8.00
Kwanan Kura 8.45

ground water and 1 borehole water. The sample bottles and
caps were rinsed three times with the water to be sampled
prior to sampling and then immersed below the water level
until they were completely filled. Then the samples were
acidified with 1% nitric acid (HNO3) for preservation and
stored (USEPA, 2008).

Determination of pH soil

Soil sample (10g) was weighed and transferred into 50 cm3
beaker. 30 cm3 distilled water was added and stirred well
with stirred glass rod. This was allowed to stand for 30
minutes with intermittent stirring. To the soil/water
suspension in the beaker, the electrode was immersed and
pH value was determined from digital display of the pH
meter.

Digestion of water sample

2.5 cm3 of 1mol.dm-3 HNO3 was added to 50 cm? of water
sample and digested by heating on a plate until colorless
solution was obtained. The digest was allowed to cool and
then filtered into a 50 cm3 volumetric flask. The volume of
the digested water sample was made to 50 cm3 with
distilled water (Olafisoye et al., 2013)

Digestion and analysis of soil samples

One gramme (1.0g) of the soil sample was placed into 100
cm?3 beaker and 15 cm3 of aqua-regia (HNOs: HCI 3:1v/v)
was then added. The mixture was boiled on a hot plate at
125 0C for 2hrs. Then, the digest was allowed to cool at
room temperature and filtered through a whatman 541
filter paper in 100 cm? volumetric flask. The filtrate was
made up to mark distilled water (Olafisoye et al., 2013). The
samples were analyzed for Pb, Cd, Zn, Fe and Cu using
Classical Atomic Absorption Spectrophotometer (Model:
PG-990 AAS).

Data analysis

Data generated from the laboratory were subjected to
descriptive statistics of standard deviation which were
achieved using Microsoft excel for data entry, Advanced
Statistical Assessment (ASA) for mean, range, standard
deviation. The data for the soil samples were subjected to
analysis of variance (ANOVA) using SPSS Software to
ascertain the accuracy and validity of the results from the
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study area.

DISCUSSION
RESULTS

The soil pH is a measure of the acidity or exchangeable
hydrogen ions (H*) in soil. pH is defined as the negative
logarithm (basel0) of the activity of hydronium ions, the
results for the determination of pH of selected soils around
the abandoned Pb-Zn mines range from 7.10 to 8.92 as
shown in Table 1. Soil from NC has the lowest value for pH,
while soil from sampling point ST has highest pH value. It is
observed that the pH values of KK, NT were slightly above
neutral pH range which is normal as the pH above 7 is
slightly basic good for plant growth.

Heavy metals in soil

The concentration of heavy metals (mg/kg) in soil samples
collected from the abandoned lead-zinc mines vicinity are
presented in Table 2.

Copper (Cu)

Copper was present in all the soil samples investigated
from the areas around the abandoned lead-zinc mines. It
has a mean concentration ranging from 4.20mg/kg -
116.15mg/kg, with the lowest values of 4.20mg/kg at
Sabon target and the highest value of 267.70mg/kg at
Nahuta china. This therefore revealed that the
concentration of Cu in NT, KK and NC are above the
permissible limit (100mg/kg) in Australia, Canada and
Germany (50mg/g) while that of sabon target is below the
permissible limit and this is similar to the work reported by
(Pam et al, 2013). The high concentration of Cu in soils
could be attributed to the fact that it does not travel very
far after being released, its speciation and other
geochemical characteristics in soil (Ezeh and Chukwu,
2012). However, the low level of Cu in Sabon target soil as
observed from the result could be due to its mobility in
weathering environment and ability to adsorb onto soil
constituents surfaces through ion exchange process
(Wuana and Okieiman, 2011).

Lead (Pb)

Pb was found in all the soil samples investigated from the
areas around the abandoned lead-zinc mines. It has a mean
concentration ranging from 65 mg/kg - 658mg/kg, with the
lowest values of 65 mg/kg at Sabon target and the highest
value of 291 mg/kg at Nahuta china. The values of Pb in this
study were lower than the 1162 mg/kg reported by
Nwachukwu et al. (2011) in soils from South East Nigeria.
However, the levels are in line with those reported by Tsafe
et al. (2012) in mining areas in North-West Nigeria, but
above that reported by Popoolaetal. (2011) in central
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Table 2. The mean and standard deviations of concentration (mg/kg) heavy metals in selected soil samples in the Yelu abandoned

Pb-Zn Mines.

Sampling Location Cu Pb Zn Cd Fe

Permissible Values: WHO (2008) 30mg/kg 85mg/kg 50mg/kg 0.3mg/kg -

KK 111.60+1.01 291.00+0.20 185.56+1.67 ND ND

NC 267.70+4.05 658.80+0.28 330.50+23.83 20.70+0.01 ND

NT 181.10+1.02 283.30+0.34 288.70+£107.05 ND 0.781+0.05
ST 42.01+0.65 65.80+0.67 373.0+£63.56 12.62+0.08 0.583+0.03
KEY

ND: Not detected
KK: Kwanan Kura
NC: Nahuta China
NT: Nahuta Tsamiya
ST: Sabon Target

Nigeria. The high mean values in these areas attested to the
overall high level of contamination of the environment with
this metal and could easily be attributed largely to the
mining activities that was carried out in the abandoned
mine sites. It is possible that these levels of Pb is elevated
by the amount of mine tailings, presence of automobile
emissions, and presence of carbonate which enhance the
principal retention mechanism of Pb in soils around the
surrounding areas.

Zinc (Zn)

Zn was one of the heavy metal detected in all the soil
samples investigated from the areas around the abandoned
lead-zinc mines. It has a mean concentration ranging from
185 mg/kg - 373 mg/kg, with the lowest values of 185
mg/kg at Kwana kura and the highest value of 291 mg/kg
at Sabon target area of the abandoned mines. These values
are higher the soils which suggest that there could be
anthropogenic contribution. Since both local and industrial
mining have taken place in the vicinity of these areas there
is no doubt that the activities have input high concentration
of Zn metal in the soils. Therefore, the results revealed that
the concentration of Zn in NT, NC and ST are above the
permissible limit of 50mg/kg recommended by WHO
(2008).

Cadmium (Cd)

Cadmium was detected only in soils from Nahuta China and
Sabon Target of the study area. The mean concentrations of
Cd examined at the various areas of study are 20.70 mg/kg
(Nahuta China) and 12.62mg/kg (Sabon Target). These
concentrations in NC and ST area have values that are still
higher than the relatively relaxed criteria acceptable in
Germany (Singh et al, 2011). This finding of elevated Cd
concentration is consistent with that of Ndana et al. (2010)
who investigated heavy metals in soils of auto-mechanic
shops and refuse dump sites in other parts of Makurdi,
Central Nigeria, as well and reported a range of 0.6 - 3.5
mg/kg. The results are also in the same range as those

reported by other workers in other parts of Nigeria
(Adelekan and Alawode, 2011). According to WHO 2008 the
maximum limit for Cd is 0.35 mg/kg from the result above
reveals that only concentration of one sample from Nahuta
china is above the maximum limit while sample in the
sabon target are within the permissible limit.

The main source of environmental Cd pollution is the
ferrous-steel industry. The accumulation of Cd in the areas
studied in here is likely to come from lubricating oils,
vehicle wheels and metal alloys used for hardening of
engine parts (Amusan et al., 2007).

Fe is detected only in soil samples from NT (0.781
mg/kg) and ST (0.583 mg/kg) at lower concentration level
below the permissible limit than standard.

On comparing these values with the normal content
intervals in soils as reported in (Kloke, 2008), it was
observed that Zn (NT, ST) Cu (KK, NT and NC) and Cd (NC)
concentrations were above the permissible limit in the
soils, while Zn (NC), Cu (ST), Pb (NC, NT, ST, KK) were
below the maximum values, Cd (ST) is within the range.
This means that the soil of NC, NT, KK and ST was
contaminated with Cu and Zn. Also, Baker (2000) reported
that higher copper concentration in surface layer of a soil is
an indication of soil additions, from smelters, fertilizers,
sewage sludges, pesticides, manures and metal availability
in the earth crust etc.

Heavy metals in water

Table 3 shows the concentration of heavy metals (mg/1) in
water samples collected from the abandoned lead-zinc
mines vicinity.

Cadmium is detected in water from (NC and NTS). The Cd
has a mean concentration (0.0012 mg/l) from both NC and
NTS. It was not detected in water samples from NB, KK,
NTG and ST.

Pb has a mean concentration of 16.63 mg/1 from NC, NTS
and ST. With a lowest values of 10. 65 mg/] at ST, 12.26
mg/l at NTS and highest values of 26.30 mg/l at NC.
However it was not detected in water samples from KK, NB
and NTG.
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Table 3. The mean and standard deviations of concentration (mg/1) heavy metals in selected water samples in the Yelu abandoned Pb-

Zn Mines

Sample Location Cu Pb Zn Fe Cd

Permissible values: WHO(2008), NSDW(2003) 2 0.01 3 0.3 0.003

KK ND ND 7.229+2.081 ND ND

NC 6.101+0.01 26.30+0.06 3.800£0.971 ND 0.005+0.06

NB ND ND 1.793+0.078 ND ND

ST ND 10.65+0.002 10.37+4.265 0.059+0.10 ND

NTS 8.193+0.226 12.26x0.001 1.715+0.965 ND 0.001+0.02

NTG ND ND 17.549+10.50 1.072+0.50 ND

MEAN+STD 7.049+0.113 16.63+0.06 9.660+4.59 0.189+0.3 0.0012+0.04
KEY

ND: Not detected

KK: Kwanan Kura

NC: Nahuta China

NB: Nahuta bore hole

ST: Sabon Target

NTS: Nahuta Tsamiya Surface Water

NTG: Nahuta Tsamiya Ground Water. NSDW: National Standard for Drinking Water.

Zn has a mean concentration of 9.66 mg/1 with lowest value
of 1.715 mg/1 at NTS and the highest value of 17.549 mg/]
at NTG. The results values for NC, KK and ST were above
the guideline is set by WHO (2008) for Zinc level in
drinking water as shown in Table 3 above.

Cu has a mean concentration of 6.101 mg/l] in water from
NC and 8.193 mg/1 in water from NTS. It was not detected
in water samples from KK, NB, ST and NTG. However, these
values are above the permissible limit of 2 mg/1 set by WHO
(2008).

Fe has a mean concentration of 0.059 mg/] from ST and
1.072 mg/l in water from NTG. This result is below
guideline set by WHO (2008) for iron contents in drinking
water because it is not of health concern at concentrations
normally observed in drinking water.

Comparing the result obtained in this study with that of
WHO (2008), NSDW (2003) as shown above the
concentration of some of the metals are above the
permissible limits.

The heavy metals in water samples revealed high
contamination of metals from the mining area especially
with metals like Pb (16.63+2.63), Cu (7.049+0.22) and Zn
(9.66+4.059) while the concentration values for Cd
(0.0012£0.06) and Fe (0.189%0.45) are below permissible
limit by WHO (2008) guidelines for drinking water as
shown in Table 3 above. However, emphasis must be drawn
to the fact that the excess of these metals beyond the
recommended levels could trigger the negative effects of
these toxic metals especially Pb. This high concentration of
Pb is not surprising due to factors including soil
compositions around mining areas as reported by some
researchers who did similar research work in other
locations around northern Nigeria. The total metal
concentrations in water revealed a very high concentration
of Cu (7.049+0.22), this is the third most abundant metal on
the earth and do co-exist with Zn, so the high concentration
was not too surprising.

However, as reported earlier prominent metals that were
higher than the standard limits included Pb(16.76+2.63)
and Zn (9.66£4.059)that were about over fifty times higher
than both World Health Organization standard and the
Nigerian Standard for Drinking Water as well as the values
reported by Adefemi and Awokunmi (2010). The high
concentration of concentration of these metals in KK, NC, ST
and NTS is due to the fact that the two metals are the major
target in the mining activities around the community.
Moreover the metals have lower value than the permissible
limit or were not detected in water from NB and NTG which
are the main sources of drinking and irrigation water for
the entire communities.

Conclusion

The findings in this study showed that soils in the vicinity of
abandoned mine sites have high risk of accumulating heavy
metal concentrations beyond their permissible limits,
especially for Pb and Zn, if safety and environmental law
are not enforced. The results from this study also showed
that water resources (surface and ground water) within the
vicinity of the study area are not contaminated.The heavy
metal concentrations are generally lower than the WHO
(2008) recommended limit except in water from NC and
NTS indicating minimum threats to public health. It should
be noted that water from NTB (Borehole water) is the best
for drinking and agricultural purpose for the entire
community because it is heavy metal contaminant free.

This study, therefore, recommends that activities of
miners should be monitored to ensure that Pb-Zn
extraction and other mining activities are done far away
from to the proximity of drinking water sources. The
miners and the entire community should be educated on
the health risk associated with human exposure to trace
metals to prevent pollution of water bodies. Better still, an
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alternative safe and portable water sources like borehole
and tap water supply should be provided to the community
to reduce or eliminate the risk of exposure to high heavy
metal concentrations.
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