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ABSTRACT: This study was conducted in order to ascertain levels of concentrations and areal distribution of
heavy metals in the surface soils and vegetation around the Selebi Phikwe Ni-Cu mine and smelter/concentrator plant,
Botswana. One hundred and forty samples each of soil and colophospermum mopane leaves obtained from ten sites,
were analyzed by atomic absorption spectrometry (AAS) technique for their concentration levels of Cu, Ni, Fe, Cr,
Co, Cd, Zn and Se. Data analysis was done mainly using the statistical package for social science (SPSS).
Multivariate analysis was used to determine the distribution of metals within the study area. Concentration values
obtained for analysed soil samples were as follows: Cd ranged from 0.01 to 0.05 ppm; Co from 1.0 to 28 ppm, Cr
from 0.03 to 14 ppm; Cu from 11 to 116 ppm; Fe from 31 to 430 ppm; Ni from 19 to 120 ppm; Se from 0.01 to 0.03
ppm, and Zn from 17 to 68 ppm. The concentration values obtained for analysed mopane leaves were as follows: Cd
was between 0.01 and 0.05 ppm, Co ranged from 1.0 to 28 ppm; Cr from 0.03 to 11 ppm; Cu from 4 to 116 ppm; Fe
from 31 to 430 ppm; Ni from 19 to 120 ppm; Se was between 0.01 and 0.03 ppm, and Zn was between 17 and 79
ppm. In general heavy metals concentrations in both soils and vegetation depended on the site and proximity of the
sampling locations to the mine. The findings of the study depicted that concentrations of heavy metals in soils and
leaves of colophospermum mopane decreased with increase in distance from the mine and smelter/concentration

plant. @JASEM

Selebi Phikwe is located geographically between
longitudes 27° 47’ East and 27° 53° East, and latitude
22° 55’ South 22° 00 South. Its soils are classified as
Eutric Regosols and Haplic Luvisols according to the
Soil Mapping and Advisory Service Project (1990)
for Botswana. The soil mineralogy of the study area
has been established in a separate study by Ekosse et.
al. (2003). Its vegetation is savanna type, covered
with mopane, Colophospermum mopane and a variety
of acacia species namely the Acacia Karoo, Acacia
galpinti, and Acacia tortilis (Timberlake et al., 1993).
Earlier studies at Selebi Phikwe were directed at
understanding the geology (Brown, 1987; Gallon,
1986), and mineralogy (Nkoma and Ekosse, 1998;
1999; 2000) of the orebodies. Recently, studies,
which are of environmental concern at the study area,
included the environmental mineralogy of the soils
(Ekosse et. al., 2003), environmental chemistry and
mineralogy of the particulate air matter (PAM)
(Ekosse et. al., 2004), and the mineralogy of the
tailings dump (Ekosse et. al., 2004a). However work
has not been reported on effects of mining on
vegetation in the area. In this study, multivariate
analytical techniques were used to understand the
distribution of heavy metals due to mining and
processing of Ni-Cu ore bodies on the soils and
Colophospermum mopane within the study area.

*Corresponding author: E-mail: ekossege@mopipi.ub.bw

MATERIALS AND METHODS

Sampling and samples: Ten sites, which included a
chosen control site located 56 km from Selebi Phikwe
were identified for sampling. The soil lithology and
vegetation of the control site were similar to those of
Selebi Phikwe. The sampling sites (except the control
site) are presented in Figure 1. Sampling was done
twice monthly from January 2000 to July 2000.
Samples of soil and mopane leaves were obtained as
close to one another as possible. Samples were
collected from soils and mopane leaves on each of the
fourteen field visits. A total of 140 samples each of
soils and vegetation were obtained. Random (Jewell
et al., 1993) and judgmental (Crépin and Johnson,
1993) techniques were used in obtaining soil samples
from sampling sites at each of the fourteen field
visits. Grab soil sampling method (Tan , 1996; 1998)
was used to obtain the samples with the aid of a
trowel. Soil samples were taken at a depth of between
0 cm and 20 cm. Each sample was placed in a 20 cm
x 30 cm polythene bag and transported to Gaborone
where it was put in an oven at 60 °C overnight for
surface soil moisture to escape. Mature dark green
leaves with leaf diameter between 4 cm to 8 cm of
Colophospermum mopane were harvested at the
sampling sites for laboratory analyses. Between 10
and 12 leaves depending on the leaf diameter, which
constituted a sample set, were sampled per sampling
area. The samples were transported to Gaborone for
processing and analyses. Samples were aerated for
one week or more, until there was an escape of leaf
moisture.



Multivariate analysis of heavy metals... 178

27 50
1

21 s3]

N

A

BPC Sub-Station 1
0/B00r

=
- 7
........

8
2200 Golf Course
Voice America

Selebi North Mine

W’ 21 55
SELEBI -PHIKWE

Legend
Road

=== Railway Line

=—— Power Line
Civic and Comrmunity
Residential
Livestock Plots
Cormrmecial and Industrial
— Site Boundary
3 site Number

L.
2750

Fig 1: Map of Selebi Phikwe showing the different sampling sites

Laboratory analyses: The methods for analysis of the
different chemical parameters for soil have been
mentioned in Van Reeuwijk (1993). Elements
associated with Ni-Cu mining and smelting included
Cd, Cr, Co, Cu, Fe, Ni, Se and Zn, which were likely
to be found in Ni-Cu orebodies and possibly released
into the physical environment were analysed. lonic
concentrations of Cd, Cr, Co, Ni and Se present in
extracts of the samples were determined using a
Varian Spectra AA 400 plus Atomic Absorption
spectrometer with a Zeeman Graphite Tube Atomizer
(GTA) 96. lonic concentrations of Cu, Fe and Zn
were measured with a Varian Spectra AA 10 Flame
Atomic Absorption Spectrometer (FAAS). The
procedure for the determination of the concentrations
of heavy metals used in this study was adapted from
both Beach (1989) for the Zeeman GFAAS and
NIOSH (1995) manual of analytical methods for
FAAS depending on the analyte being analyzed.

Statistical analyses: Statistical analysis sought to
establish the most prevalent metals in soils and in
leaves as well as their uptake by plants. The
relationship between metal concentration at a site and
the distance of the site from the contamination source
was also determined in order to establish the rate of
decay of contamination away from contamination
site. Pearson product moment and Spearman rank
correlation coefficients (Miller and Miller, 2000)
were used to examine the nature and strength of
association between metal concentration in soils and
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leaves and distance from contamination sites. It was
hypothesised that significant negative correlations
would be indicative of contamination effect of the
mine while non-significant or positive correlations
would indicate that the mine was not an important
source of the metal in the soil or leaves. For
determination of rank correlations, sites were first
ranked according to their distances from the mine.
Hence site 10 (the control and farthest site was
ranked 1) while site 6, the nearest site was ranked 10.
These ranks were denoted as y = (Y3, Yo, ... Yio)’
where Y; is the rank of the i site from the mine. For
i" heavy metal (| = 1,...8), the sites (j = 1, ...10)
were again ranked according to the mean
concentration of that heavy metal at the site. The
vector of ranks for the ith heavy metal was x; = (X,
X iz, ooy Xio)’, Where X = k if the rank of the
concentration of the ith metal at site j is k. The rank
correlation coefficient for the i" metal was the
spearman rank correlation between the elements of
vector y and those of x;. Similar correlation analyses
were also used to evaluate the degree and nature of
the association between concentrations in leaves and
soils at the same site. An alternative measure of
agreement was computed based on the percentage
agreement of metal contamination to distance from
the mine multiplied by the ranking of the
concentration of a given metal at a given site which
corresponded to the ranking of the distance of the site
from the contamination source.
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RESULTS The next lowest concentrations were found at site

Soils: Concentration values obtained for analysed
soil samples were as follows: Cd ranged from 0.01
to 0.05 ppm; Co from 1.0 to 28 ppm, Cr from 0.03
to 14 ppm; Cu from 11 to 116 ppm; Fe from 31 to
430 ppm; Ni from 19 to 120 ppm; Se from 0.01 to
0.03 ppm, and Zn from 17 to 68 ppm. The mean
concentration values and their standard errors are
shown in Table 1. The lowest concentration values
occurred at Site 10, the control site. For example
the lowest mean concentration for Cd is 0.640 (site
10) with a standard error of 0.0347.
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9, which was the furthest experimental site from
the  smelter/concentrator plant. The mean
concentration of Cd at site 9 (mean 0.940;
standard error (SE) = 0.0134). The highest mean
concentrations were either at site 5 or at site 6,
which  were the nearest sites to the
smelter/concentrator plant. Therefore, soil sites 4, 5
and 6 which were close to the plant were the most
contaminated, while site 10, 9 and 8 which were
furthest away from the plant were the least
contaminated.
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Table 1: Mean and Standard Errors of Concentrations of Heavy Metals in Soil around the
Selebi Phikwe Study Area. (DIST = Distance in kilometers of site from smelter plant.)

SITE DIST* Cd Co Cr Cu Fe Ni Se Zn

1 1.7 1.68 +0.078 31.1+0.9 1775%1.4 2444 +1.7 161.0+4.3 155.0+3.7 0.06 +0.003 3.37£0.90
2 16 1.29 £0.054 21.4+0.46 1499+1.8  250.8+1.7 198.1453 163.0+19 0.14+0.01 2.06 £0.55
3 13 1.25 +0.048 12.5+0.64 116.5+3.3 248.04+3.08 207.1+1.1 170.3+2.1  0.370.01 4.36 +1.17
4 12 1.24 +0.035 10.4 £0.7 107.9+49  311.9+6.03 221.2+1.1 266.6+14  0.86+0.06 2.74£0.73
5 1.0 3.10 +0.094 56.1+1.34 227.8+33 353.64+235 23521432 230.5+10 0.90 +£0.01 4.47 +1.19
6 0.5 2.56 +0.075 55.9+0.49 236.8+3.2 3716426  2514+16 173.1+24  0.84£0.02 2.40 £0.64
7 6.0 1.29 £0.03 43.5+1.63 230.7+19  270.545.05 153.3+3.9 1059+1.9  0.83+0.02 2.66 £0.71
8 7.0 1.33+0.026 30.8+1.79 36.6+4.05 136.5+2.72 78.4+190  66.6+1.0 0.26 +0.01 2.34£0.63
9 8.0 0.94+0.013 13.5+0.39 26.4+0.53 83861229 43.7+2.2 45.8+0.7 0.09 +0.01 2.46 +0.66
10 56.0 0.64+0.035 12.36+0.33  23.0+0.43  20.00+04  21.7+0.68 22.310.5 0.14 +0.05 2.88 £0.77

The product moment correlation coefficients between
concentrations of different metals in soil samples are
shown in Table 2. These correlation coefficients
depicted very good associations for more than 50 %
of the relationships. For example, very strong
correlations included Co/Cd, Cr/Cd, Cr/Co, Fe/Cr,
Fe/Cu, Ni/Cu, and Se/Cu. The lowest correlation
coefficient was -0.14 between Ni and Cr, followed by
-0.2 for Zn/Co. These low negative correlation
coefficients were not significantly different from 0.
Mopane leaves: Concentration values obtained for
analysed mopane leaves were as follows: Cd was
between 0.01 and 0.05 ppm, Co ranged from 1 to 28
ppm; Cr from 0.03 to 11 ppm; Cu from 4 to 116 ppm;
Fe from 1 to 430 ppm; Ni from 19 to 120 ppm; Se
was between 0.01 and 0.03 ppm, and Zn was between
17 and 79 ppm. The mean and standard errors of
concentration values of heavy metals in leaves are
shown in Table 3. The lowest concentration values
occurred at the control site and at sites furthest away
from the plant, as was the case with soil samples. The
variability in Cd and Se concentrations are very low,
with standard errors

falling lower that 0.001 at many sites. The leaves
close to the smelter/concentrator plant (sites four, five
and six) were the most contaminated. The product
moment correlation coefficients between
concentrations of different metals in leaves are shown
in Table 4.

The correlation coefficients between heavy metals in
plants reflected very good associations for more than
75 % of the relationships. Very strong correlations
included Cr/Cd, Cr/Co, Cu/Cd, Cu/Co, Cu/Cr, Fe/Cd,
Fe/Co, Fe/Cr, Fe/Cu, Ni/Cu, Ni/Fe, Zn/Cu and Zn/Ni.
The lowest correlation coefficient was at 0.1 with
Zn/Se. The correlation coefficient values for Se/Co,
Zn/Cd and Zn/Cr were same.  Statistical results:
Further analysis of metal concentrations in samples of
soils and leaves at various sites revealed that Cu had

the highest concentration in the soil (§ = 229.1 ppm)
whereas Fe had the highest concentration in leaves

(X =252.1 ppm) and the second highest in soils (; =
157.1 ppm). Detailed results are shown in Table 5

Table 2: Pearson correlation coefficients between heavy metal concentrations in soil samples.

Cd Co Cr Cu Fe Ni Se 4
Cd 1
Co 085 1
Cr 0.78 0.85 1
Cu 0.77 048 0.87 1
Fe 0.09 047 0.77 097 1
Ni 061 0.25 -0.14 087 087 1
Se 0.60 0.58 0.65 075 0.66 046 1
Zn 026 -0.20 0.24 026 036 042 -0.28 1

Georges-Ivo et al
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Table 3: Mean and Standard Errors of Concentrations of Heavy Metals in Colophospermum mopane leaves in and around the Selebi Phikwe

Study Area.

e rest so as to get rid of spaces. As | have shown in table 3 below:

Table 3
SITE DIST* Cd Co Cr Cu Fe Ni Se zn
1 1.7 0.002 0.03 0.04 5.16 312.00 68.57 £0.50 0.01 1.84
+0.0003 +0.000 +0.003 +0.024 +0.73 +0.001 +0.49
2 1.6 0.002 0.04 0.04 5.17 279.21 112.79 0.01 3.92
+0.0001 +0.001 +0.001 +0.013 +2.49 +3.25 +0.001 +1.05
3 1.3 0.002 0.03 0.04 5.34 270.43 106.14 0.02 1.83
+0.0001 +0.001 +0.001 +0.005 +0.41 +1.17 +0.001 +0.49
4 1.2 0.003 0.03 0.04 5.39 414.71 67.29 +0.77 0.10 2.45
+0.0001 +0.002 +0.001 +0.003 +0.80 +0.069 +0.65
5 1.0 0.008 0.05 0.06 6.16 418.79 83.71+1.16 0.03 1.16
+0.0001 +0.001 +0.001 +0.008 +1.70 +0.001 +0.31
6 0.5 0.006 0.06 0.07 5.83 396.07 105.36 0.03 1.35
+0.0001 +0.002 +0.001 +0.104 +2.82 +1.62 +0.001 +0.36
7 6.0 0.006 0.06 0.07 5.10 211.00 64.21 £0.43 0.01 1.52
+0.0001 +0.002 +0.001 +0.008 +0.73 +0.001 +0.41
8 7.0 0.003 0.06 0.07 494 142.57 57.71 £0.40 0.01 0.89
+0.0001 +0.001 +0.001 +0.011 +1.73 +0.000 +0.24
9 8.0 0.001 0.02 0.03 4.49 41.50+0.71 34.43+0.49 0.01 0.98
+0.0000 +0.001 +0.001 +0.013 +0.000 +0.26
10 56.0 0.002 0.02 0.03 4.15 3457 +0.46  21.29 +0.41 0.01 0.53
+0.0001 +0.001 +0.001 +0.027 +0.000 +0.14

* DIST = Distance in kilometers of site from smelter plant.

Copper concentration in leaves is low (X = 5.2 ppm).
Nickel is similar to Fe, with relatively high
concentrations in both soil and leaves, whereas Cr is
more like Cu with relatively high concentrations in
soils but low concentrations in leaves. Iron and Zn
both have higher concentrations in leaves than in

soils, indicating that their presence in leaves is not
only due to uptake, but other processes too.
Concentrations of Cd in soils and Se in leaves are
highly variable, having variation coefficients
exceeding100%.

Table 4: Correlation coefficients between heavy metals in the leaves of Colophospermum mopane

Cd Co Cr Cu Fe Ni Se Zn
Cd 1
Co 0.68 1
Cr 090 0.78 1
Cu 071 0.82 0.85
Fe 092 0.88 0.94 0.88 1
Ni 0.45 0.66 0.72 093 072 1
Se 0.68 0.26 0.67 049 058 0.53 1
Zn 0.30 0.0 0.39 074 063 081 0.10 1

Table 5: Relative mean metal concentrations in soils and leaves around the study site.

Mean Concentration

Coefficient of
Variation (%)

Metal Soil Leaves Soil Leaves
Copper 229.12 5.173 50.15 11.26
Iron 157.11 252.085 52.26 56.87
Nickel 139.90 72.150 56.52 42.24
Chromium 133.32 0.049 63.85 33.95
Zinc 29.84 33.678 30.80 48.61
Cobalt 28.77 0.040 62.04 40.82
133.1
Cadmium 2.66 0.004 0 66.33
Selenium 0.45 0.024 80.76 116.53

Georges-Ivo et al
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Table 6. Rank and Pearson Correlation Coefficients between
metal concentrations in soil and in leaves
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significantly different from 0 for Cd and Zn,
suggesting that their presence in soils and leaves may
be entirely natural and not due to mining. However,

Metal Rank Pearson as shown in Table 7, the concentrations of Cd (in
Cadmium (Cd) 0.417 -0.06 soils and leaves) and Zn (in leaves) are related to
Cobalt (Co) 0.717* 0.80** distance from contamination source, although the
Chromium (Cr) 0.699* 0.56 relationships are not linear. Very strong associations

are observed between concentrations of Cu and Fe in
Copper (Cu) 0.903*** 0.94%** X L.

soils and leaves, and moderate associations are
Iron (Fe) 0.915% 0.967** observed for Ni, Co and to some extent, Se and Cr.
Selenium (Se) 0.818** 0.58 Table 7 shows the rank correlations and product
Nickel (Ni) 0.697* 0.66* moment correlation coefficients between
Zinc (zn) 0.286 051 concentrations of different metals and distance to

Correlation is significant at the 0.05; 0.01¢™
and 0.001™ (1-tailed).

Table 6 depicts the correlation coefficients between
the concentrations of each metal in soil and in leave

smelter plant. The associations between metal
concentration and distance to smelter plant are shown
in Table 7. The concentrations of heavy metals are
inversely related to distance from contamination site
for all the eight metals, with stronger associations
generally between concentrations in the soil than in
the leaves.

samples. The correlation coefficients are not
Rescaled Distance Cluster Corbine

CASE 0 5 15 20 s
Label Nm  + + A+ + +
Soil 2 &
Soil 13 400k
Sl 11 & o0k
Soil 17 0000e  =000000%Ky
Soil 14 00000000 = J0000000000000000000000000000 00y
Soil 15 0000000x000000000, <
Soil 16 0000002 &
Soil 19 <00k 4
Sil 20 do =000000000000000000000000000000000000000000,
Soil 18 0000k

Fig 4. Dendrogram using average linkage between groups for soils (Note

that soil 12 is for site 2 etc..)

The strongest associations are found for Fe, Ni and
Cu. Higher correlations are found using the spearman
rank correlation than using the Pearson correlations.
In particular, Pearson correlations are insignificant
for Cd, Co, Cr, Se and Zn (Table 7). This suggests
that the relationship between metal concentration at a
site and distance of the site from the smelter plant is
strongly monotonic (metal concentration decreases as
distance increases) but not linear (rate of decrease is
not linear). The results further suggest that the
amount of contamination with Cd, Co, Cr, Se and Zn
in soil and leaves increases with nearness to the
source of contamination, but the increase is not
enough to upset the natural amounts of these metals
in the soils or leaves.

Georges-Ivo et al

Multivariate Analysis: The multidimensional scaling
(MDS) solution in soils (Fig 2) based on analysis of
summary statistics obtained at each site shows that
the similarity between the sites based on overall metal
concentrations are quite similar to the actual situation
on the ground (see Fig 1). In particular, the separation
of sites along the first MDS dimension is quite
similar to the separation in terms of closeness to the
contamination site. Sites 10, 9 and 8 are the furthest
while sites 6, 5 and 4 are the closest to the
contamination site. These sites are furthest apart
along the first MDS dimension. Sites 1, 2, 7, and 3
which are close to the contamination site all cluster
around the centre of the first dimension, and the
relative differences between them are again captured
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through the second MDS dimension, with the sites 3,
2, 1 and 7 in exactly the same order as their relative
distances from the contamination site. Hence not only
has the MDS based on summary statistics of samples
obtained at the different site proved very adequate in
reproducing the relative closeness of sites to the
contamination site, it also confirms that the presence
of these metals in soils is directly linked to the
contamination site. The MDS solution on leaf
samples appears to be very effective in revealing
relative similarities of sites based on metal
concentrations in leaves as well (Figure 3). Once
again, sites 10, 9 and 8 are at one extreme relative to
site 6, 5 and 4. However, the ordering of site is not as
marked as with soil samples, indicating that though
contamination plays a major role in overall metal

183

concentrations in leaves, it is not the only dominant
source of metal presence in leaves. This is
particularly the case with Fe and Zn as shown in
Table 5. Fig 4 depicts the analysis of soil samples
using average link hierarchical clustering method and
Euclidean distance as measure of similarity. A strong
separation exits between sites 1 to 7 and sites 8, 9 and
10. The cluster analysis solution for soil samples is
remarkably similar to the MDS solution, with sites 1,
2 3 (here labelled 11, 12, 13) grouping closely
together, followed by sites 9, 10 and 8 (19, 20 and
18), with sites 7, 4, 5 and 6 forming more lose
groupings with sites 1, 2 and 3. Evidently, the
separation sites for leaves are not as clear-cut as that
of soil samples (Fig 5).

Table 7: Spearman Rank and Pearson correlation coefficients between distance to contamination
Source and metal concentration

Correlation Coefficients

Spearman Rank

Metal Soil Leaves Soil
(cd -0.67" -0.59" -0.25
Co -0.38 -0.42 -0.35
Cr -0.70" -0.44 -0.53
(Cu -0.92™ -0.99™ -0.74"
Fe -1.00™" -0.92™ -0.70”
(Se -0.71 -0.84™ -0.35
Ni -0.95™ -0.77" -0.64"
(Zn -0.24 -0.75" -0.27

Pearson Mean Concentration
Leaves Soil Leaves
027 2.657 .004
042 28.772 040
.0.38 133.322 .049
o 220.122 5.173
065 157.106 252.085
024 0.449 0.024
066" 130901 72150
042 29.835 33.678

Correlation is significant at the 0.05; 0.01¢™ and 0.001"™ (1-tailed).

DISCUSSION

The soils close to the smelter/concentrator plant were
enriched from wash-offs, and other wastes due to
mining activities. Soils around the mining sites, and
the smelter/concentrator plant at Selebi Phikwe
presented a larger and higher range of heavy metal
contents with decreasing proportionality as distance
increased from the sources. This chemical
phenomenon was documented by Bowles et al.
(1998), for similar mining environments, namely at
Sandbury, Canada. The nature of some of the
polluting elements depended on ore processing,
concentration of the noxious elements and residual
materials being disposed off. The results of statistical
analyses show that Cu in soils and in leaves both
agree with distance from source of contamination, i.e
the closer the site the higher the concentration. Iron
shows 100% agreement in soils, but leaves show only
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50% agreement. This suggests that other factors may
be involved. A similar trend is observed for Ni, Cr
and Cd. However, results for Zn show that there is no
agreement between metal concentration and distance
from source of contamination. This may suggest that
levels of this heavy metal in either the soil or the
leaves are not correlated with contamination. A
possible explanation may be offered by the
mechanism by which transformation of Zn occurs.
Thus Zn may be transported from these sites or
transformed into undeterminable forms. Interestingly,
whereas there was 50% correlation between levels of
Co in the leaves with distance from source of
contamination, there was no correlation for its levels
in soil. This may imply that there is a different
mechanism of uptake of Co by the leaves. Both Cu
and Se show the levels in the leaves to correlate better
with distance from contamination source than the
levels in the soil.
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Rescaled Distance Cluster Carbine

CASE 0 5 10 15 20 5
Label Num + + + + + +
Leaves 9  Ux000000J00000%Ky
leaes 10 = 40000000000000000000000000000000 0y
Leaves 7  U00<000000000002 &
leaves 8 Wk &
leaves 4 & @
leaves 5  {G000000000y &
leaves 6 ¥ = J000000000000000000000000000000000000
leaves 2 OBy @
leaves 3 (e ol00000k
leaves 1 Wk

Fig 5. Dendrogram using average linkage between groups for leaves of

Colophospermum mopane

Iron Concentration by Site
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Fig 6. Concentration levels of Fe in soils arranged according to distance from
smelter/concentrator plant and mine

Accumulation of heavy ions is more rapid in clear
terrains than where vegetation cover is available
(Berthelsen and Steinnes, 1995). The precipitates
accumulated from constant leaching of ions of heavy
metals emanating from tailings dump thereby causing
the soils to be over saturated with heavy metals. In
this regard, as vegetation was depleted due to the
formation of dead zones, heavy metals concentrations
in soils increased correspondingly. On the other hand,
transportation and migration mechanisms of heavy
ions favoured sandy soils compared to silty and
clayey soils. The soils at Selebi Phikwe being
predominantly silty with an average migration rate,
heavy metals contamination could be detected as far
as the control site (site 10) though at lower
concentration levels.

*Corresponding author: E-mail: ekossege@mopipi.ub.bw

Conclusions: This study focussed on multivariate
analyses of heavy metals concentrations in soils and
leaves of colophospermum mopane occurring around
the Selebi Phikwe Ni-Cu mine and
smelter/concentrator plant in Botswana. The findings
of the study depicted that generally levels of
concentrations of heavy metals in soils and leaves of
colophospermum mopane decreased with increase in
distance from the mine and smelter/concentration
plant as depicted in Figure 6 which shows the trend
for Fe as an example. Soils were considered to be
contaminated by heavy metals emanating from
mining activities, and possibly from other sources.
Mopane leaves were enriched with heavy metals from
wash-offs, PAM, plant uptake from soils, and other
wastes due to mining and smelting activities.



Multivariate analysis of heavy metals... 185

REFERENCES

Beach L.M. (1989) Varian Spectr. AA Zeeman
graphite furnace methods for environmental
samples. AA instruments at work. Varian, 90. pp
15

Berthelsen B. O., and Steinnes E. (1995)
Accumulation patterns of heavy metals in soil
profiles as affected by forest clear-cutting.
Geoderma. 66, 1-14

Brown P.J. (1987) Petrogenesis of Ni-Cu ore bodies,
their host rocks and country rocks, Selebi-
Phikwe, Eastern Botswana. Unpublished PhD
thesis, University of Southampton, England.

Crépin J and Johnson R.L. (1993) Soil sampling for
environmental assessment. In Carter R. M. (Ed)
Soil sampling and methods of analyses

Ekosse G., van den Heever D., de Jager L. and Totolo
O. (2003) Environmental mineralogy of soils
around the Selebi Phikwe Ni-Cu mine area,
Botswana. The International Journal of
Environmental Studies 60, 251-262

Ekosse G., Van den Heever D. J., de Jager L., and
Totolo O. (2004) Environmental chemistry and
mineralogy of particulate air matter around
Selebi Phikwe copper-nickel plant, Botswana.
Minerals Engineering 17, 349-353

Ekosse G., Van den Heever D. J., de Jager L., and
Totolo. O. (2004a) Mineralogy of tailings dump
around Selebi Phikwe nickel-copper plant,
Botswana. Journal of Applied Science and
Environmental Management 8, 37-44

Gallon M.L. (1986) Structural re-interpretation of the
Selebi Phikwe nickel-copper sulphide deposits,
Eastern Botswana. In Anhaeusser C.R. and
Maske S (Eds) (1986) Mineral deposits of
southern Africa. Vols 1&2, Geol Soc S Afr.,
Johannesburg 1663-1669

Jewell M.C., Hensley P. J., Barry D.A. and Acworth
. (1993) Site investigation and monitoring
techniques for contaminated sites and potential
waste disposal sites. In Fell R., Philips T., Gerrad
C., (Eds) Geotechnical management of waste and
contamination

Georges-Ivo et al

Krzanowski W.J. (1988). “Principles of Multivariate
Analysis: A user’s perspective”. Clarendon
Press, Oxford.

Mardia K.V. Kent J. T and Bibby J.M (1979).
“Multivariate  Analysis. Academic  Press”.
London

Miller J. N. and Miller J. C. (2000) Statistics and
chemometrics for analytical chemistry. 4"
Edition. Prentice Hall, England. pp168-9.

NIOSH (1995) NIOSH manual of analytical methods.
Compiled by the National Institute of
Occupational Safety and Health, USA

Nkoma J. S. and Ekosse G. (1998) Study of
chalcopyrite CuFeS,, pentlandite (Fe,Ni)sSs and
pyrrhotite  (Fe;4S) obtained from Cu-Ni
orebodies. The Abdus Salam Centre for
Theoretical Physics, Trieste, Italy. 1C/98/41

Nkoma J. S. and Ekosse G. (1999) X-ray diffraction
study of chalcopyrite CuFeS,, pentlandite
(Fe,Ni)oSg and pyrrhotite (Fey.xS) obtained from
Cu-Ni orebodies. J. Phys: Condensed Matter 11,
121-128

Nkoma J. S. and Ekosse G. (2000) X-ray powder
diffraction study of transition sulphide minerals
contained in Ni-Cu orebodies from Selebi
Phikwe, South-Eastern Botswana. Botswana
Notes and Records. 32,165-176.

Soil Mapping and Advisory Service Project (1990)
The soil map of Botswana. FAO/BOT/85/011

Tan K. H. (1996) Sample preparation. In Dekker M.
(Ed), Soil sample preparation and analysis, pp 14

Tan K. H. (1998) Principles of soil chemistry. Mariel
Dekker Inc. USA. pp521.

Timberlake J. R., Nobanda N. and Mapaure 1. (1993)
Vegetation survey of the communal lands — north
and west Zimbabwe. Kirkia. 14,171-270

Van Reeuwijk J. (1993) Procedures for soil analysis.
Int. Soil Ref and Info Center, Wageningen, The
Netherlands. Tech Paper 9 pp 1000.



