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Abstract. This research determined the spatial variation in soil 
lead pollution in the Middle Mukuvisi Catchment in Harare. Lead 
is one of the commonest urban pollutants and it induces 
negative effects on biophysical resources and humans. Part of 
the study area has been target of landfill programmes dating 
back to the 1950s. It is also subjected to industrial discharges 
from the Graniteside and Masasa Industrial Areas. The study 
catchment was stratified into two strata namely: Strata A 
(8 x 105 m2) and Strata B (10 x 105 m2) upstream and 
downstream with respect of the centre of the landfilled area 
respectively. These strata were digitized in Arc View Geographic 
Information System (GIS). Stratification enabled the testing of 
differences in soil lead pollution levels in the two study strata. 
Thirty soil samples were then collected from random points in 
the study area for laboratory chemical analysis. Fifteen points 
were randomly selected for each stratum. The results showed 
that soil lead concentration varies spatially in the study 
catchment. In comparison the strata upstream has lower 
average soil lead concentration than strata downstream with 
respect to the centre of the landfilled area. However, the 
difference in soil lead concentration between the two strata is 
not significant (p > 0.05). This can be explained by introduction 
of lead into the study catchment by other sources of pollution 
upstream such as Masasa Industrial Area. The other sources of 
lead into the study strata besides landfill leachate can be 
leakages from fuel stations and leaded fuel spillages from 
vehicles. It is anticipated further research in this area will 
contribute to the sustainable utilization of urban river 
catchments, especially where they are used for dumping wastes. 
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Introduction 

This research aims to determine 
the spatial variation in soil lead 
concentration in the Middle Mukuvisi 
Catchment in Harare. Soil pollution is the 
condition of soil impurity caused by 
contamination (Klein, 1962; Singer and 

Munns, 1996) and it induces negative 
effects on biophysical resources (Dolk 
and Vrijheid, 2003; Nicholson et al., 
2003; Samson et al., 1988) and humans 
(Karrari et al., 2012; Lei et al., 2011). Soil 
heavy metal pollution induces vegetation 
stress (Beavington, 1973; Horler et al., 
1980; Singh et al., 1989; Smith et al, 
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2004). Heavy metal pollution also has 
adverse effects on human health (Davies, 
1978; Fleming and Parle, 1977; Warren 
et al., 1971). 

Lead is one of the commonest 
urban pollutants (Davies et al., 2009). 
Lead lowers primary production as it 
causes oxidative stress in plants evident 
by reduction in photosynthetic pigments 
(Reddy et al., 2005). This is observed 
through morphological symptoms of 
senescence such as chlorosis and 
fragmentation of leaves (Reddy et al., 
2005; Mishra et al., 2006). This alters the 
physiologic structure of plants and 
consequently suppress primary 
production (Lu et al., 2000). Lead in 
contaminated soils can be taken up and 
accumulated in crops and plants and 
then exert potential risk to humans and 
animals through food chain (Lei et al., 
2011; Davies and Holmes, 1972). Signs 
and symptoms of lead poisoning include 
hearing loss, anemia, renal failure and 
weakened immune system. Further, in 
children low level lead exposure can 
significantly induce motor dysfunctions 
and cognitive impairement (Karrari et al., 
2012). These adverse health effects of 
lead have resulted in the general public 
exerting pressure upon governments to 
limit its emissions thereby reduce the 
exposure of the population to the metal. 

Part of the study catchment is 
characterized by sanitary landfills and 
waste dumps. Landfills are used to 
deposit mainly solid wastes. They 
constitute potential sources of pollution 
since they may contain organic 
micropollutants, heavy metals and salts 
(Chenje et al., 1998). Other potential 
sources of soil pollution in the Middle 
Mukuvisi Catchment include industrial 
effluent in the Masasa Industrial Area, 
storm water from the City Centre and 
industrial discharges from the 
Graniteside Industrial Area (Zaranyika 
1997). Landfill seepage also has the 
effect of diluting nitrates introduced into 
the catchment mainly through effluent  
 

from a fertilizer manufacturing plant in 
Masasa (Zaranyika et al., 1993). 

A study on the effect of leachate 
from landfills along the Mukuvisi River 
showed that the landfilling in the 
industrial region along the stream had a 
strong influence on the heavy metal 
content of the stream (Zaranyika et al., 
1993). Dissolved solids and conductivity 
also increased progressively as the 
landfills were approached along the 
same stretch of the river, suggesting that 
seepage from the landfills is responsible 
for the rise in ionic levels (Mathuthu and 
Zaranyika, 1997). Past studies also 
indicated that the nitrates were diluted 
by the landfill leachate as the levels 
dropped close to the landfill sites 
(Zaranyika, 1997). Leachate from 
landfills is negatively impacting on 
biophysical resources because the 
landfills are not properly planned and 
maintained (Chenje, et al., 1998). 

Pollution of aquatic ecosystems 
in Zimbabwe is regulated by the 
Environmental Management Act of 2002 
and the Water Act of 1998. These Acts 
prohibit the discharge of toxic matter 
into aquatic environments. They also 
provide for the monitoring of pollution 
and its impact on water resources. This is 
in line with the Ramsar Convention of 
1971 and the Rio-Dublin Principles on 
aquatic ecosystems. 

This research aims to determine 
the spatial variation in soil lead 
concentration in the Middle Mukuvisi 
Catchment in Harare. The study will 
compare soil lead pollution upstream 
and downstream with respect to the 
centre of the landfilled area in the study 
catchment. 

Hypothesis 

There is no significant difference 
(p > 0.05) in soil lead concentration 
between strata upstream and 
downstream with respect to the centre of 
the landfilled area in the Middle 
Mukuvisi Catchment. 
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Materials and Methods 

Study area 
The study area stretches from 

upstream of Chiremba and just below 
Cripps roads on the banks of Mukuvisi 
River in Harare. Mean annual rainfall for 
the area ranges from 700-1000 mm with 
a 20%-35% coefficient of variation 
(Chenje et al., 1998). The soils are 
derived from granite and tend to be 

deep, clayey and acidic. Part of the study 
area has been target of landfill 
programmes dating back to the 1950s. It 
is also subjected to industrial discharges 
from the Graniteside and Masasa 
Industrial Areas (Zaranyika, 1997). 
Furthermore, there is stream bank 
cultivation mainly for maize production 
during the rainy season. Six fuel stations 
are also in proximity of the study area 
which poses risk to soil contamination. 

 
 

 
Figure 1. The location of study area. 
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Field sampling and soil lead 
pollution data collection 

The study catchment was 
stratified into two strata namely: Strata A 
(8 x 105 m2) and Strata B (10 x 105 m2) 
upstream and downstream with respect 
of the centre of the landfilled area 
respectively. These strata were digitized 
in Arc View Geographic Information 
System (GIS). Stratification enabled the 
testing of differences in soil lead 
pollution levels in the two study strata. 

Thirty soil samples were 
collected from random points in the 

study area. The points were selected 
using the sampling capabilities of GIS. 
Fifteen points were randomly selected 
for each stratum (Figure 2). The soil 
samples were then taken into the Soil 
Science laboratory at the University of 
Zimbabwe for chemical analysis in order 
to determine their lead concentration. 
The lead concentration was determined 
using the Wet Digestion method. Lead 
was chosen because it is a typical 
constituent of sanitary landfill leachate 
(Peirce et al., 1998). 

 
 
 

 
Figure 2. The location of sample points in study area. 
 
 
 

Exploratory data analysis 
All data were explored to 

determine the statistical tests to use. The 
soil lead concentration data set was 
tested for normality using the 
Kolmogorov-Smirnov Test. The data did 
not significantly assume a normal 
distribution. 

Inferential data analysis 
A non-parametric statistical 

significance test was applied to 
determine whether there are significant 
differences in soil lead concentration 
between Strata A (upstream with respect 
to the centre of the landfilled area) and 
Strata B (downstream with respect to the 
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centre of the landfilled area). The 
statistical significance test was done in 
Statistica statistical software package. 

Spatial analysis 
Spatial analysis of soil lead 

concentration data was done using GIS. A 
map (model) showing soil lead 
concentration data was produced. Soil 
lead concentration data were also 
grouped with reference to criteria set by 
the Environmental Management Act.  
 

Interpolation was used to produce the 
models showing soil lead concentration 
for the whole study catchment. 

Results 

Soil lead concentration varies 
spatially in the study catchment (Figure 
3). In comparison the strata upstream 
has lower average soil lead concentration 
than strata downstream with respect to 
the centre of the landfilled area. 

 
 

 
Figure 3. Soil lead concentration in the study area. 
 
 
 

There is not much difference in 
average soil lead concentration in the 
two study strata with Strata A and Strata 
B having 23 mg/L and 22 mg/L, 
respectively (Figure 4). The difference in 
the medians is also not significant 
(p > 0.05). This can be explained by 
introduction of lead into the study 
catchment by other sources of pollution 

upstream such as Masasa Industrial Area. 
This is also supported by (Zaranyika, 
1997). The other sources of lead into the 
study strata besides landfill leachate can 
be leakages from fuel stations and leaded 
fuel spillages from vehicles. 
Furthermore, the landfill leachate may be 
containing small proportions of lead. 
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Figure 4. Soil lead concentration in the study strata. 
 
 

Soil lead concentration data were 
also grouped with reference to criteria 
set by the Environmental Management 
Act to come up with a map showing areas 
with safe lead concentration, low, 
medium and high lead hazard (Figure 5). 
Most areas in Strata A upstream with 
respect to the centre of the landfilled 
area have a safe lead concentration with 
reference to criteria set by the 

Environmental Management Act. On the 
other hand Strata B downstream with 
respect to the centre of the landfilled 
area has mostly high lead hazard and 
some sections with medium and low lead 
hazard. This shows that the landfills are a 
source of soil lead pollution downstream 
from the area where they are located in 
the Middle Mukuvisi Catchment. 
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Figure 5. Soil lead concentration grouped data in the study catchment. 
 
 
 
Conclusion and implication for 
environmental management 

The study found out that landfill 
leachate is negatively affecting soil 
quality in the study catchment. The 
strata downstream with respect to the 
centre of the landfilled area has higher 
soil lead concentration than the strata 
upstream. However the difference in soil 
lead concentration in the two strata is 
not significant (p>0.05). This may be due 
to the fact that landfill leachate is not the 
only source of lead in the study 
catchment. 

The study recommends that 
funds raised through the polluter pays 
principle by the Zimbabwean 
environmental policy makers and 
planners be used in promoting further 
research on soil pollution. Further 
studies may also include the impact of 
soil pollution on aquatic vegetation 
resources and humans. It is anticipated 
further research in this area will 
contribute to the sustainable utilization 
and development of wetlands, especially 
where they are used for dumping wastes. 
The use of satellite imagery with high 
spatial resolution will also assist in this 
regard. For example, satellite sensors 
with finer resolution such as Quick Bird 

can detect plants that tolerate relatively 
high concentrations of soil pollutants. 
Such plants can then be used for 
decontaminating soils through 
bioremediation while ensuring they do 
not create a risk to their consumers. 

Despite limitations of this study 
such as not considering all factors 
affecting soil lead pollution in the study 
catchment, we however believe that the 
study findings can still provide 
invaluable baseline information against 
which future changes can be measured 
and assessed. 
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