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Abstract: The effects of open wastes dumpsites on the immediate
vicinity continue to generate safety concern. This study determined the
levels of lead, chromium, cadmium, arsenic, nickel, cobalt, copper and
manganese in soil samples collected at two depths: 0-15 and 15-30 cm
within and around Katima Mulilo municipal solid wastes dumpsite and a
control site. The samples were digested according to EPA method 3050 B
and analyzed using Inductively Coupled Plasma-Optical Emission
Spectrophotometer (ICP: Perkin Elmer Optima 7000 DV). The results
obtained revealed that manganese recorded the highest mean
concentrations varying between 21.95-91.10 and 15.12-122.30 mg kg™’
within the 0-15 and 15-30 cm soil depths respectively while Cd (BDL-
0.51 mg kg™' and BDL-0.86 mg kg ') recorded the least. The analysis of
variance between the mean levels of the heavy metals was statistically
significant (p<0.05). Assessment of the sampling sites contamination
revealed that the Wastes dumpsite > Grassland A > Grassland B >
Control site but the current ecological risk indices (0.004-0.824) revealed
environmental low risk levels (Er < 40). The correlation coefficients of
the heavy metals revealed mainly extremely positive correlations (r >
0.9). These suggest common source of anthropogenic inputs of the heavy
meals. Generally, the mean concentrations of the heavy metals were lower
than their corresponding maximum permissible limits recommended by
WHO for the protection of human and ecosystem’s health. However, the
presence of heavy metals in the human ecosystem is regarded as a potential
toxin because metals are persistence, non-degradable and bio-accumulative
in nature. Therefore, we recommend periodic monitoring of the heavy
metals in the soils and advice precautionary measures to limit excessive
human exposures to the metal contents.
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Introduction

Solid waste disposal (open dumps, landfills, sanitary
landfills or incinerators) represent a significant source of
metals released into the environment (Waheed et al.,
2010; Iwegbue et al., 2010; Bretzel and Calderisi, 2011;
Rizo et al., 2012). In many developing countries, little or
no attention is paid to the environmental pollution that
may arise from municipal solid wastes disposal at
dumpsites. In most instances, the dumpsites are
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designated open land spaces specifically set aside for the
purpose of solid wastes disposal. Depending on a city’s
level of waste management system, municipal wastes
may be dumped in an uncontrolled manner, segregated
for recycling purposes, or simply burnt (Abah et al.,
2015). The main activities at most urban wastes
dumpsites include solid wastes deposition and
incineration and these could emit high levels of heavy
metals into the atmosphere which are subsequently
deposited on to the surrounding soils and vegetations.

© 2017 J. Abah, P. Mashebe and S.A. Onjefu. This open access article is distributed under a Creative Commons Attribution
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Soil contamination by heavy metals emitted from
waste disposal sites is a serious problem in industrial and
urban areas (Mandal and Sengupta, 2006). The
concentrations of heavy metals in soils around waste
dumps are influenced by the types of wastes,
topography, run-off and level of scavenging (Ideriah et al.,
2010). Due to the disturbances and acceleration of
nature’s slowly occurring geochemical cycle of metals
by man, most soils of rural and urban environments
may accumulate one or more heavy metals above
defined background values high enough to cause risks
to human health, plants, animals, ecosystems, or other
media (D'Amore ef al., 2008). It is projected that the
anthropogenic emission of several heavy metals into
the atmosphere is one-to-three orders of magnitude
higher than natural fluxes (Sposito and Page, 1984) and
these are subsequently deposited on to soils and
vegetations. Heavy metals contamination of soil may
pose risks and hazards to humans and the ecosystem
through: Direct ingestion or contact with contaminated
soil, the food chain (soil-plant-human or soil-plant-
animal-human), drinking of contaminated ground
water, reduction in food quality (safety and
marketability), reduction in land wusability for
agricultural production causing food insecurity and
land tenure problems (McLaughlin et al., 2000a;
2000b; Ling et al., 2007).

Environmental pollution data tend to vary extensively
and to be subjected to various types of uncertainties due to
several factors such as distance from pollution sources and
pathways, natural background variation and pollution
build-up or accumulation over time (Rashad and Shalaby,
2007). Once present in an environment, heavy metals are
non-degradable, putting human beings and animals
traversing the place at risks of acute or chronic exposure
via inhalation, direct dermal contact and food chain
absorption. The World Health Organization (WHO)
estimated that about a quarter of the diseases facing
mankind today occur due to prolonged exposure to
environmental pollution (Abah er al., 2015). The
International ~ Occupational  Safety and  Health
Information Centre (IOSHIC)’s report indicated that
long-term exposure to heavy metals may result in slowly
progressing physical, muscular and neurological
degenerative processes that mimic Alzheimer's disease,
Parkinson's disease, muscular dystrophy and multiple
sclerosis (IOSHIC, 1999). The report also indicated that
allergies are not uncommon and repeated long-term
contact with some metals or their compounds may even
cause cancer (IOSHIC, 1999). It was also noted that
most human load of toxic metals is acquired from the
ambient concentrations of these metals through
inhalation of dust and fumes, ingestion of food and
drink and/or absorption through skin in extreme cases
(OSHA, 1991; ATSDR, 2003).
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Due to trans-boundary effect, it is envisaged that
heavy metal pollutants emitted from the Katima Mulilo
urban dumpsite could be deposited in the surrounding
grasslands and accumulate in vegetations which grow on
the soils. The high grazing activities of cattle in the
grasslands may expose the animal to certain levels of
heavy metal pollutants and therefore, has implication for
transfer into human food chain. Moreover, there is no
research work done to establish the pollution status of
the soils of grasslands around the wastes dumpsite. Thus,
this research is a baseline study with the main objective
of determining the present levels of environmentally
concerned heavy metals in the soils of grassland within
the vicinity of the Katima Mulilo solid wastes dumpsite
and compares the values with health regulatory
guidelines limits. These baseline data will form
important reference information for future monitoring of
the impact of the wastes dumpsite on the heavy metals
content of the surrounding grasslands.

Materials and Methods
Study Area

The study location is the grasslands around Katima
Mulilo urban wastes dumpsite, located on latitude
17°50'S and longitude 24°25'E based on the Global
Positioning System (GPS) geographical information
recorded at the site on 28 May 2015 (Abah et al., 2015).
The dumpsite has an estimated longest land dimension
of 346.78 m and widest land dimension, 296.64 m
(Abah et al., 2015). Solid wastes disposal at the site is
based on open dumping and incineration and these
practices have the potential to release toxic metal
elements into the environment (Abah ef al., 2015). Thus,
the surrounding soils are very prone to trans-boundary
pollution owing to emission of several chemical
particulates into the atmosphere following wastes
incineration at the dumpsite and subsequent deposition
on to the surrounding grasslands (Abah et al., 2015).
Because of the possible shift of toxic heavy metals via
soil-plant-animal-human transfer chain (Wuana and
Okieimen, 2011), soils within the vicinity of the wastes
dumpsite may become a vehicle for human food chain
contamination with heavy metals.

Sample Collection

The soil samples were collected on 8§ different days
with each sampling day occurring every fortnight
between June-September, 2015. The samples were
collected at two soil depths: Topsoil (0-15 cm) and
subsoil (15-30 cm). On each sampling day, 4 soil
samples (for each soil depth) were randomly collected at
four different points (approximately 20 m apart) within
the grassland, wastes dumpsite and control site
respectively. The chosen control site was a remote
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environment located 17km west of the wastes dumpsite.
All samples were collected during the still morning
weather (between 6:00-8:00) and packed in pre-labelled
polyethene bags (Abah et al., 2015).

Sample Pre-Treatment

The total samples collected on each sampling day
were pooled together according to soil depth and mixed
thoroughly to ensure homogeneity. Then, one
representative sample was taken and filtered through < 2
mm stainless steel sieve. Thus, for the 8 sampling days,
8 sub-samples were taken and conveyed to Analytical
Laboratory Services, Windhoek Namibia for further
processing and analyses for the levels of heavy metals.
All materials used for holding samples, homogenization
and sieving were pre-cleaned to minimize the potential
of cross contamination.

Soil Samples Digestion and Analysis

The samples were digested according to the reported
EPA method 3050 B for Inductively Coupled Plasma-
Optical Emission Spectrophotometer (ICP-OES) analysis
(Abah et al., 2014). A known amount (1.00 g) of each
sieved soil was transferred into a digestion vessel and 10
mL of 1:1 nitric acid (HNO;) was added, mixed
thoroughly and covered with a watch glass (EPA, 1996).
Then, the samples were heated to 90°C and refluxed at
this temperature for 10 min after which they were
allowed to cool for 5 min under room temperature.
Thereafter, 5 mL of concentrated HNO; was added to
each, covered and refluxed again at 90°C for 30 min
(EPA, 1996). Then, the solutions were allowed to
evaporate without boiling to approximately 5 mL each
and cooled again for 5 min. This was followed by the
addition of 2 mL of deionised water plus 3 mL of 30%
hydrogen peroxide (H,O,) to each. The vessels were
covered with watch glasses and heated just enough to
warm the solutions for the peroxide reaction to start
(EPA, 1996). This was continued until effervescence
subsided and the solutions were cooled. The acid-
peroxide digestates were covered with watch glasses
and heated until the volume reduced to approximately
5 mL again. Then, 10 mL of concentrated
hydrochloric acid (HCIl) was added to each, covered
and heated on a heating mantle, then refluxed at 90°C
for 15 min. After cooling, each digestate was filtered
through Whatman No. 41 filter paper into a 100 mL
volumetric flask and the volume made up to the mark
with deionised water (EPA, 1996).

Ten (10) mL of each digestate was taken and
mixed with equal volume of matrix modifier (EPA,
1996). Then, they were analyzed using ICP-OES
(ICP: Perkin Elmer Optima 7000 DV) for the levels of
lead, cadmium, chromium, arsenic, nickel, copper,
cobalt and manganese.
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Data Analysis

Descriptive statistics was used to compute the mean of
the data obtained from eight replicate analyses of the
samples. Furthermore, inter-elemental correlation analysis
was performed to determine the degree of association
between the heavy metals in the soil samples from the
three sites: Point source, grasslands and control soil.

Assessment of Site Contamination

First, the heavy metal concentrations recorded in the
soil samples were compared with their regulatory
guideline limits based on which informed decision about
the site’s quality was made. Further assessment of the
site’s contamination was done using a Contamination
factor (Cf), a single element pollution index calculated in
order to determine the individual contribution of the
heavy metals to the site’s pollution, degree of
contamination (C,), aimed at providing a measure of the
degree of overall contamination in surface layers at a
particular sampling site (Rahman et al., 2012),
ecological risk factor [Er] (Hakanson, 1980), used
here to provide an indicator of each element’s
ecological risk index and potential ecological risk
factor [PEri], which gives insight into the heavy
metals toxicity and environment response (Hakanson,
1980). The potential ecological risk factor does not
only considers heavy metal level in the soil, but also
associate ecological and environmental effects with
toxicology and evaluates pollution using comparable
and equivalent property index grading method (Qui,
2010). Each of these assessment criteria was
calculated using the following equations:

Soil metal concentration

o =— — (1
soil permissible limit of the metal
N

C,=>CFi )
i=1

Er=Ti-Cf 3)

PEri=YEr (4)

Results and Discussion

Soil Concentrations of the Heavy Metals in the
Study Area

The results (Fig. 1) present the mean concentrations
of lead (Pb), chromium (Cr), Cadmium (Cd), arsenic
(As), nickel (Ni), cobalt (Co), copper (Cu) and
manganese (Mn) determined in the soil samples
collected at the study area. The results showed that at the
point source (within the municipal solid wastes
dumpsite), Mn recorded the highest mean concentration
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of 88.99 mg kg™' within the 0-15 cm upper soil depth
and 122.30 mg kg™' within the subsoil depth (15-30
cm). Cd recorded the lowest mean concentration of
0.51 and 0.86 mg kg™' with the 0-15 and 15-30 cm soil
depths respectively. Within the same soil depths, the
other results showed that Cr recorded 12.36 and 9.85
mg kg, Cu recorded 12.36 and 4.18 mg kg™, Ni
recorded 6.46 kg mg™' and 5.51 mg kg™', while As, Pb
and Co recorded 5.28 mg kg_1 and 5.81, 1.61, 3.78,
1.71 and 2.09 mg kg™’ respectively.

At the northern end of the grassland (labelled as
grassland A), Mn also recorded the highest mean
concentration of 91.10 mg kg™ within the 0-15 cm
upper soil depth and 22.12 mg kg™ within the subsoil
depth (15-30 cm). Cadmium also recorded the lowest
mean concentration (0.51 mg kg™') within the 0-15 cm
soil depth but it was not detected in the subsoil level
(15-30 cm). Within the same soil depths, the other
results showed that Cr recorded 8.50 and 6.27 mg
kg™', Cu recorded 2.05 and 4.31 mg kg™', Ni recorded
4.65 and 3.82 mg kg ™', while As, Pb and Co recorded
5.33 2.82, 1.48 and 0.62 mg kg™', 1.83 and 0.58 mg
kg ' respectively.

The results of the heavy metals obtained at the
southern end of the grassland (labelled as grassland B)
also showed similar trend with Mn recording the highest
mean concentration of 71.37 and 15.12 mg kg™' within
the 0-15 and 15-30 cm soil depths respectively.
Cadmium was not detected at this sampling point while
the mean concentrations of Cr showed 8.82 and 5.35 mg
kg™, Cu recorded 3.80 and 1.31 mg kg', Ni recorded
5.29 and 3.38 mg kg ', As recorded 2.75 and 1.97 mg
kg™, Pb recorded 0.61 and 0.43 mg kg' and Co
recorded 0.60 and 0.30 mg kg ™' within the 0-15 and 15-
30 cm soil depths respectively. At the control site, Mn
still recorded the highest mean concentration of 21.95
mg kg™ within the 0-15 c¢m upper soil level and 26.63
mg kg™' within the subsoil level (15-30 cm) while Cd
recorded the lowest mean concentration of 0.22 mg kg™
within the upper soil depth but Co (0.54 mg kg’l)
recorded the lowest mean concentration within the
subsoil level (15-30 cm). Within the two soil depths (0-
15 and 15-30 cm), the other results showed mean levels
of 5.11 and 8.49 mg kg™’ Cr, 3.54 and 4.33 mg kg™ Ni,
1.60 and 2.47 mg kg™' As, 0.60 and 1.61 mg kg™' Pb, as
well as 0.30 and 0.99 mg kg™' Cu respectively.

N4 -
w [12 ® Point source
E | u Grassland &
=110
g I u Grassland B
g 8 1 —  HControlsite
g1 | ':
AR
c. ...I_I l.l _._l. I_l._. = _I]. L_,I_I = =
A B|/A B A B A B A B A B/ A B A B Heavy metal
——
Ph Cd Cr As Ni Co Cu Mn

Fig. 1. Mean concentrations of the heavy metals in the soil samples collected at the study area (n = 8, [Mn] =x 10', A = 0-15 cm soil

depth, B = 15-30 cm soil depth)

Table 1. ANOVA between the heavy metals concentrations in the soil samples

Source of variation SS df MS F P-value F crit
Between groups 6544855 7 934.9793 4.356503 0.003054 2.422629
Within groups 5150.806 24 214.6169

Total 11695.66 31

Statistical significance (p<0.05)
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As shown in Table 1 above, the result of Analysis of
Variance (ANOVA) between the heavy metals
concentrations in the soil samples was statistically
significant (p<0.05). This might be due to the varying
degree of metal inputs from anthropogenically derived
sources across the sampling sites. The point source is the
Katima Mulilo municipal solid wastes dumpsite; the
grassland is located 1.8 km away from the point source
while the control site is located 17 km from the point
source. However, irrespective of the origin of heavy
metals in soils, excessive levels of many metals can result
in soil quality degradation as well as posing significant
hazards to plants, humans, animals and ecosystem’s health
(Long et al., 2002). Significant amounts of Cd and Pb
can be transferred from contaminated soil to plants and
grasses, causing accumulation of these potentially toxic
metals in grazing ruminants, particularly in -cattle
(Long et al., 2002; Alonso et al., 2013; Miranda et al.,
2005) that feed on such plants/grasses.

Generally, the concentrations of the heavy metals
recorded across the sampling sites were lower than their
maximum  permissible  concentrations in  soil
recommended by WHO (Table 2). However, the
presence of the heavy metals in the soils, especially of
grassland where humans and livestock graze intensively
constitutes health concern due to frequent exposure to
the contaminant-bearing dusts emanating from the
grassland. Heavy metals may enter the human body
through inhalation of dust, direct ingestion of soil and
water, dermal contact of contaminated soil and water and
consumption of vegetables grown in contaminated fields
(Qu et al, 2012). Thus, ingestion, inhalation and
absorption constitute the major routes of human and
livestock exposure to heavy metals in the study area.
Heavy metals toxicity is a clinically significant condition
when it does occur (Ferner, 2001) and if unrecognized or
inappropriately treated, the toxicity can result in
significant illness and reduced quality of life (Amirah ef al.,
2013). Heavy metal-induced toxicity and carcinogenicity
involves many mechanistic aspects, some of which are
not clearly elucidated or understood and each metal is

known to have unique features and physico-chemical
properties that confer its specific toxicological
mechanisms of action (Tchounwou et al., 2012). In
the biological systems, heavy metals have been
reported to affect cellular organelles and components
such as cell membrane, mitochondrial, lysosome,
endoplasmic reticulum, nuclei and some enzymes
involved in metabolism, detoxification and damage
repair (Wang and Shi, 2001). Metal ions have also been
found to interact with cell components such as DNA and
nuclear proteins, causing DNA damage and
conformational changes that may lead to cell cycle
modulation, carcinogenesis or apoptosis (Wang and Shi,
2001; Chang et al., 1996; Beyersmann and Hartwig,
2008; Kirpichtchikova et al., 2006). Thus, for the
protection of humans and animals from unintended
exposure to heavy metal contaminants in our environment,
it is important to evaluate and document the presence and
sources of heavy metals in every environmental
component that affects human and animal lives.

Contamination Factors of the Heavy Metals in the
Soils

Figure 2 shows the contamination factor indices of
the heavy metals determined in the soil samples. The
trend of the results revealed that As > Cd > Cr = Cu > Ni
> Mn > Co > Pb. The higher contamination indices
recorded for As, Cd and Cr in the upper soil depth (0-15
cm) suggests that this soil zone could accumulate the
metals after prolonged period to potentially toxic levels.
This is probable Dbecause heavy metals are
environmentally persistent due to their non-degradable
nature (Singh et al., 2011). Moreover, it has been
established that soils are the major sink for heavy metals
released into the environment by anthropogenic activities
(Wuana and Okieimen, 2011). Unlike organic
contaminants which are oxidized to carbon (IV) oxide by
microbial action, most metals do not undergo microbial
or chemical degradation (Kirpichtchikova et al., 2006)
and hence, accumulate in the environment.

Table 2. Standard criteria used for the assessment of the heavy metals pollution

Heavy  Soil MPC  Toxic response

metal (mg/kg)® factor® Cf assessement criteria” Er assessement criteria®  PEri assessement criteria®

Pb 100 5 Cf< 1, no contamination Er <40, low risk index PEri < 150, low risk index

Cd 3 30

Cr 100 2 1 < Cf< 3, moderate 40 < Er < 80 moderate 150 < PEri <300,
contamination risk index moderate risk index

As 10 10

Ni 75 5 3 < CF <6, considerable 80 <Er <160 300 <PEri <600

Cu 100 5 contamination considerable risk index considerable risk index

Co 30 5 CF > 6, high contamination 160 < Er <320, high PEri > 600, high risk index

risk index

a= WHO, b = Hakanson (1980), Cf = Contamination factor, Er = Ecological risk factor, PEri = Potential ecological risk index
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Fig. 3. Radar plot showing the relative degree of heavy metals contamination at the study areas

Figure 3 is a radar plot showing the relative degree
of heavy metals contamination of the sampling sites.
The trend of the sites contamination revealed that the
Point source > Grassland A > Grassland B > Control
site. This trend is not suprising because the Point
source is the Katima Mulilo municipal solid wastes
dumpsite where diverse waste materials are
incinerated and left to decay. In a study to assess the
in-situ concentrations of some heavy metals in surface
soil dusts at the Katima Mulilo urban waste dumpsite,
it was reported that solid wastes disposal at the
dumpsite is based on open dumping and incineration
and these practices have the potential to release toxic
metal elements into the environment (Abah et al.,
2015). Apart from the natural geochemical process
which affects the availability of heavy metals in a
given soil, particulates including metals emitted from
the dumpsite during incineration are deposited unto the
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surrounding environment, via atmospheric deposition
(Wuana and Okieimen, 2011). Thus, the same or
comparative  pollution effects may affect any
surrounding soil and grassland that are in close
proximity to wastes dumpsite.

Ecological Risk Factors of the Heavy Metals

The results of ecological risk factors (Er) of the
heavy metals (Fig. 4) showed that Cr presents the
highest ecological risk factor with an index of 0.824
while Pb (index = 0.011) present the least. The order
of the ecological risk factors revealed that Cr > As >
Cd > Cu > Ni > Mn > Co > Pb. Based on the standard
criteria for interpreting ecological risk factors (Table
2 above), the present results generally suggest low
ecological risk [Er < 40] (Hakanson, 1980) of the
heavy metals across the sampling sites.
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Fig. 5. Potential ecological risk index of the heavy metals across the sampling sites

The Potential Ecological risk index (PEri) of the
heavy metals across the sampling sites (Fig. 5)
revealed that Point source > Grassland A > Control
site > Grass land B. At the Point source, the risk index
was 1.623 while at the grassland A, control site and
grassland B, risk indices of 0.981, 0.612 and 0.605
were recorded respectively. These results also differed
significantly (t-test paired mean: p<0.05) between
each sampling point and control site except at the
grass land B. Based on the criteria for interpreting
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PEri of heavy metals in soils (Table 2 above), all the
present risk indices represent low level [PEri < 150]
(Hakanson, 1980). However, this finding does not
preclude concern for accumulation of the heavy
metals in the soil since by their nature, metals are
non-degradable and hence, environmentally persistent.
Moreover, it has been widely acknowledged that the
presence of heavy metals in human environment have
been associated with different adverse health effects
in humans (Tchounwou et al., 2012).
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Table 3. Interelemental correlation analysis between the soil mean heavy metals concentration at the sampling sites

Pb Cd Cr As Ni Cu Co Mn

Between point Pb 1.0000
source and Cd 0.9506 1.0000
grassland A Cr 0.9735 0.9592 1.0000
heavy metals As 0.9602 0.9477 0.9928 1.0000

Ni 0.9649 0.9507 0.9883 0.9864 1.0000

Cu 0.9734 0.9586 0.9968 0.9951 0.9862 1.0000

Co 0.9582 0.9138 0.9674 0.9620 0.9664 0.9660 1.0000

Mn 0.9683 0.9511 0.9956 0.9973 0.9866 0.9984  0.9702 1.0000
Between point Pb 1.0000
source and Cd 0.1507 1.0000
grassland B Cr 0.9693 0.6867 1.0000
heavy metals As 0.9481 -0.0990 0.9765 1.0000

Ni 0.9282 0.3249 0.9256 09124 1.0000

Cu 0.9684 0.7788 0.9810 0.9862 0.9014 1.0000

Co 0.9369 -0.3047 0.9461 0.9405 0.8704 0.9473 1.0000

Mn 0.9418 -0.1759 0.9683 0.9794 0.8956 0.9788  0.9541 1.0000
Between point Pb 1.0000
source and Cd -0.1338 1.0000
control site Cr 0.3934 0.2464 1.0000
heavy metals As 0.1028 -0.1880 -0.1217 1.0000

Ni 0.4539 0.1183 0.9579 -0.0601 1.0000

Cu 0.3806 0.2283 0.9844 -0.0998 0.9581 1.0000

Co -0.3914 0.1030 -0.2203 -0.5913 -0.2140 -0.2529  1.0000

Mn -0.6936 -0.0607 -0.5070 0.2389 -0.4507 -0.4880  0.3475 1.0000

Inter-Elemental Correlation between the Heavy
Metals

The results of the inter-elemental correlation
analysis between the heavy metals across the
sampling sites were as presented in Table 3. Between
the point source (municipal solid wastes dumpsite)
and grassland A, the correlation coefficients revealed
extremely positive correlation between the heavy
metals (r > 0.9) with values ranging between 0.9138
to 0.9968. This suggests that the heavy metals
recorded at these sites may have common sources of
anthropogenic inputs (Salah et al., 2012). This is very
likely since the grassland A is located just about
1.8km away from the point source. Within this
proximity, metal particulates emitted into the
atmosphere during wastes incineration at the point
source could easily be deposited unto the grassland
via trans-boundary transfer effect. Between the point
source and grassland B, the correlation coefficients of
the metals revealed some weak positive correlation (r
= 0.1 to 0.5), some weak negative correlation (r = -0.1
to -0.5), while majority had extremely positive
correlation (r > 0.9). Between the point source and
control site, most of the correlation coefficients
revealed weak negative and weak positive correlations
with values varying between -0.5070 to -0.1217 and
0.1028 to 0.4539. Extremely weak negative correlation
was recorded for Mn and Cd (r = -0.0607), Ni and As (r
= -0.0601) as well as Cu and As (r = -0.0998). These
weak correlations suggest that the heavy metals recorded
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at the point source and control site may originate from
different sources of anthropogenic inputs (Salah et al.,
2015). Considering the location of the control site (17
km) from the point source, it is likely that trans-
boundary transfer and deposition of metal particulates
emitted from the point source may be greatly affected by
wind dispersion. Thus, most of the metal particulates
may be deposited before getting to the control site or are
even blown away by wind to different locations.

Conclusion

The results of this study showed varying
concentrations of lead (Pb), chromium (Cr), Cadmium
(Cd), arsenic (As), nickel (Ni), cobalt (Co), copper
(Cu) and manganese (Mn) in the soil samples
collected from the Point source, Grasslands and
Control site respectively. Across these sampling areas,
Mn recorded the highest mean level while Cd
recorded the least. The analysis of variance (ANOVA)
between the heavy metals concentrations in the soil
samples was statistically significant (p<0.05). This
was attributed to the varying degree of metal inputs
from anthropogenically derived sources across the
sampling sites. High contamination indices were
recorded for As, Cd and Cr in the upper soil depth (0-
15¢c m) and these suggest that this soil zone could
accumulate the metals after prolonged period to
potentially toxic levels. The trend of the sites
contamination revealed that the Point source >
Grassland A > Grassland B > Control site but the
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current ecological risks indices revealed low levels.
Generally, the mean concentrations of the heavy
metals recorded across the sampling sites were lower
than their corresponding maximum permissible limits
recommended by WHO for the protection of human
and ecosystem’s health. However, the presence of the
heavy metals in the soils, especially of the grassland
where humans and livestock graze intensively
constitutes health concern due to: (1). persistence and
non-degradability of heavy metals in the environment
with high potential for accumulating to potentially
toxic level. (2). frequency of unintended exposure of
humans and livestock (a component of human foods)
to heavy metals which could lead to bio-accumulation
into body tissues with attendant adverse health effects.
Therefore, we recommend periodic monitoring of the
heavy metals in the grassland and advice
precautionary measures to limit excessive human
exposures to the metal contents.
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