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PREFACE  

This study has been carried out within the framework of the Minor Field Studies 
Scholarship Programme, MFS, which is funded by the Swedish International Devel-
opment Cooperation Agency, Sida. 

The MFS Scholarship Programme offers Swedish university students an opportunity 
to carry out two months’ field work, usually the student’s final degree project, in a 
country in Africa, Asia or Latin America. The results of the work are presented in an 
MFS report which is also the student’s Master of Science Thesis. Minor Field Studies 
are primarily conducted within subject areas of importance from a development per-
spective and in a country where Swedish international cooperation is ongoing. 

The main purpose of the MFS Programme is to enhance Swedish university students’ 
knowledge and understanding of these countries and their problems and opportuni-
ties. MFS should provide the student with initial experience of conditions in such a 
country. The overall goals are to widen the Swedish human resources cadre for en-
gagement in international development cooperation as well as to promote scientific 
exchange between universities, research institutes and similar authorities as well as 
NGOs in developing countries and in Sweden. 

The International Relations Office at KTH the Royal Institute of Technology, 
Stockholm, Sweden, administers the MFS Programme within engineering and applied 
natural sciences. 

Lennart Johansson 

Programme Officer 

MFS Programme, KTH International Relations Office 
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SUMMARY IN SWEDISH  

Miljöföroreningar i informella bosättningar i peri-urbana Kampala, Uganda, har stude-
rats av bland andra Kulabako (2010). Befolkningen i dessa områden har liksom i andra 
utvecklingsländer låg inkomst och begränsad tillgång till vatten och sanitet. Så kallade 
skyddade vattenkällor utgör i regel den enda möjliga källan till dricksvatten samt hus-
hållsändamål. Vattnet är kostnadsfritt och försörjer stora delar av de informella bo-
sättningarna i dessa områden. Den snabba befolkningstillväxten och urbana utveckl-
ingen i Kampala är ett stort problem, särskilt då samhällsplaneringen inte är omfat-
tande, vilket medför dålig uppsikt av olika dagliga aktiviteter. Vanliga miljöhot i dessa 
områden är avloppsvatten som rinner ut i gemensamma dräneringskanaler, dumpning 
av avfall och närliggande bilverkstäder. 

Detta examensarbete utfördes i samarbete mellan Institutionen för mark- och vatten-
teknik, Kungliga Tekniska Högskolan, och Makerere University i Kampala, Uganda. 
Syftet med projektet motiveras av det ovan nämnda problemet, och innebar att under-
söka halter av Cd, Cu, Pb och Zn i vatten- och jordprover kring skyddade vattenkällor 
i peri-urbana områden i Kampala. Provtagning av källvatten och jord skedde parallellt 
men vid olika tidpunkter mellan februari och mars 2012. Jordproverna togs från olika 
punkter samt djup i området runt de skyddade källorna medan vattenproverna togs di-
rekt från utloppet vid respektive källa. Inför analys extraherades jordproverna med 
CaCl2, HNO3 och Aqua Regia enligt standard och vattenprover analyserades med av-
seende på metallhalter, löst organiskt material och lösta salter. Även pH mättes på 
samtliga jord- och vattenprover. Metallanalyserna utfördes med ICP/MS och visade 
generellt låga totalkoncentrationer av de valda metallerna, såväl som geokemiskt aktiva 
koncentrationer. Detta gällde även för källvattenproverna, vars innehåll av spårmetal-
ler låg långt under Världshälsoorganisationens gällande standardgränsvärden för 
dricksvatten. De lakbara metallkoncentrationerna var förhöjda i vissa jordprover, vil-
ket kan nå grundvattnet inom ett längre tidsperspektiv. Dessa resultat gäller för den 
torra perioden och behöver upprepas under regnperioden för att kunna säkerställa ef-
fekten av höga vattenflöden och därmed skapa en helhetsbild av föroreningstrans-
porterna i området.  
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SUMMARY IN ENGLISH  

Environmental pollution in informal settlements in peri-urban Kampala, Uganda, has 
been studied by Kulabako (2010), among others. As in other developing countries, the 
population in these areas has low income and limited access to water and sanitation. 
“Protected springs” is normally the only source to water for drinking and domestic 
purposes. This water is free of charge and provides large areas of the informal settle-
ments. The rapid population growth and the urban development in Kampala is a big 
problem, especially as the urban planning is small to its extent, which in turn results in 
a poor overview of the daily activities. Common environmental threats in these areas 
are, wastewater reaching the common draining systems, waste dumping and nearby 
garages.  

This master thesis was made in collaboration between the department for land- and 
water, at the Royal institute of Technology, and Makerere University in Kampala, 
Uganda. The purpose with the project was motivated by the problems stated above 
and to examine the concentration of Cd, Cu, Pb and Zn in water and soil samples 
around protected springs in peri–urban Kampala. Sampling of spring water and soil 
was done parallel but at different times between February and March 2012. The soil 
samples were taken from different points and depths within the area around the pro-
tected springs while the water samples were sampled directly from the spring outlet at 
each spring. Before analysis and according to standard the soil samples were extracted 
with CaCl2, HNO3 and Aqua Regia. The water samples were analyzed for metal con-
centrations, dissolved organic carbon and salts. Also the pH was measured for all wa-
ter and soil samples. The metal analysis was performed with ICP/MS and generally 
showed a low total concentration of the chosen metals. Also the geochemically active 
fractions were low. This was also valid for the spring water samples, where the con-
tent of trace metals was far below the standard limits for drinking water according to 
the World Health Organization. The leachable metal concentration was elevated in 
some soil samples. This can be a problem if reaching the groundwater in a longer per-
spective. These results are valid for the dry season and sampling needs to be repeated 
during the rainy season and thus create an overview of the contaminant transport 
within the area.  
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ABSTRACT 

The current urban infrastructure and demographic development of Uganda and 
in particular of Kampala city is rapid and does not correspond to the planned 
socio-economic and industrial infrastructure. This project was justified by the 
existence of numerous peri-urban areas with unplanned and no monitored san-
itary as well as water supply systems. The unsanitary handling and disposal, of 
domestic and industrial solid waste, sewerage and small car related industries 
pose a serious threat to the quality of the groundwater resources. Field studies 
were conducted at different occasions between February and March 2012. 
These included soil and water sampling in and around five protected springs for 
analysis of the concentrations of four trace metals: Cu, Pb, Cd and Zn. The 
method used for leaching tests of the soil samples was the European Standard 
ISO/TS21268-1, and the samples produced were analyzed in a ICP-MS. Addi-
tionally, metal concentrations and dissolved organic content of water samples 
were analyzed. The ICP-MS results showed that the concentration of the trace 
metals in the waters were below guideline values stated by the WHO, which 
implies that the residents are not exposed to notable trace metal contamination 
in the drinking water. As the total metal content in the soils were below the 
Swedish Environmental Protection Agency (Swedish EPA) guidelines, it was 
assumed that trace metal contamination was not of significance under the pre-
vailing circumstances. However, the leachable metal contents in a number of 
the soils were high, which may pose a future risk to groundwaters. 

Keywords; Kampala, protected springs, trace metal contamination, informal settlements, 
groundwater

INTRODUCTION 

Background  

About 1.1 billion people throughout the world 
lack access to clean drinking water. Serious health 
conditions can be the result from consumption of 
contaminated water.  

 

By the year 2015, one of the UN MDGs is to half 
the proportion of people without sustainable 
access to sanitation and safe drinking water 
(WHO, 2012). 

The population of Uganda is 33.4 million; 
1.5 million reside in and around Kampala (Fig. 1), 
which is the capital. Uganda is situated in the 
eastern sub-Saharan Africa and borders to Sudan 
in the north, Congo in the west, Tanzania and 
Rwanda in the south and Kenya in the east (CIA, 
2011).  

The yearly growth rate is around 3.2 % (USDS, 
2009). As in many developing countries, the ur-
banization in Uganda is not occurring in harmony 
with planning actions, which results in 
environmental degradation. Also, the rate of 
urbanization on the African continent is the 
highest in the world, which along with informal 
settlements complicates the matter even more. 
The peri-urban areas around Kampala account 
for 60 % of the total population of the city 
(Kulabako, 2010). 

Peri-urban areas are defined as areas with mixed 
rural and urban activities, where the land use usu-
ally is changed in a rapid manner.  Fig. 1 The geographic position of Uganda 

(Worldatlas, 2012).  
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Due to the rapid developments, the environ-
mental sustainability factors of these places are 
low (NTPU, 2009). 

The main sources of contamination are traffic, 
wastewater, effluent and unsorted wastes that 
have been dumped on the soil and in drainage 
channels (Fig. 2). Contaminants in channel water 
and soils are expected to eventually enter the 
shallow groundwater aquifers. The polluted soil 
would be another source of contamination, but a 
more long term problem since it takes more time 
for the pollutants to be transported to the 
groundwater (Larsson, 2002; Ljung, 2002). 

Water and sewerage situation in peri-urban 
Kampala 

While the number of inhabitants has increased, 
the public sector has not been able to provide 
sufficient basic services for the residents in 
Kampala; this is especially true for the peri-urban 
areas. In 2006, the sewerage system was available 
for only 7 % of the residential buildings. The 
low-income informal settlements are subject to a 
lack of basic services with respect to piped water, 
sanitation as well as solid waste handling. 

More than 90 % of Kampala’s population is de-
pendent on on-site sanitation solutions such as 
pit latrines. Since most household baths do not 
have soak pits, grey water is often released into 
drainage facilities, which in many cases are not 
properly maintained. This wastewater is not 
treated but either trapped on the ground surface 
or infiltrated. The obstacle in having an extensive 
use of sewerage systems in these areas is not the 
actual lack of sewerage lines but the very low in-

comes of the population in relation to the costs 
of installation and operation such systems. 

Another source of pollution is surface runoff, 
which commonly causes floods and outbursts of 
channels during the wet season. Bwaise, Banda, 
Kawaala like other peri-urban areas in Kampala 
experience flood recurrences, drainage blockages 
and other related issues since many water chan-
nels stormwater drainages are either blocked, 
shallow or do not offer sufficient capacity to 
handle the influx. A combination of insufficient 
number of drainage channels, extensive increase 
of impervious surfaces, waste dumping and silting 
has led to a significantly increased risk for flood-
ing of residential places. The flooding events fa-
vor the transport of contaminants with storm-
water and hence favor the spreading of diseases 
such as cholera. 

As for the piped water system, it exists in around 
70 % of the city but only a limited fraction (8 %) 
of the urban residents has access to it. Due to the 
shortage of municipal water services combined 
with low incomes, a considerable number of the 
people in the study areas, despite poor quality in 
their environment, utilize spring water and to a 
very small scale, harvested rainwater for their 
domestic needs. Unsanitary waste handling cou-
pled with high pollution loads have led to a di-
rected attention towards the issue of the ground-
water quality in the peri-urban settlements 
(Kulabako, 2010). The peri-urban dwellers in 
Bwaise III use the shallow groundwater from 
protected springs for multiple purposes, in many 
case all domestic purposes. For the majority of 
the residents in all the peri-urban areas the 
springs are free sources of water and the only re-
alistic ones for their daily water needs. 

Waste management in Kampala  

The waste situation in Uganda is very complex 
and is dependent on the rapid increase of urbani-
zation. The problem is more complicated in the 
poorer areas where the generated waste is accu-
mulated due to the lack of waste collection ser-
vices. Although common dumping sites were 
once agreed, they were never established, and as a 
consequence the most common ways of waste 
handling in Bwaise is dumping of waste in places 
such as the road side, drainage channels and the 
wetland areas (appendix I). Together with other 
waste, excreta from pit latrines are also released 
into the drainage channels (Kulabako, 2010). The 
drainage channels are supposed to be managed by 
Kampala Capital City Authority (KCCA) but are 
far from being implemented (Gard & 
Torstensson, 2006). According to a study made in 

Fig. 2 Mismanaged drainage channel 
(Photo: Moulodi & Thorsell, 2012).  
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2011 by Water Aid, WSUP and CIDI, the waste 
generation in Bwaise II Parish, Kampala was 
estimated to about 31.400 tons per day, which is 
equivalent to about 1.3 kg per person per day. 
The study also showed that the amount of 
generated waste was higher for households with 
higher incomes whereas the waste accumulation 
was lower when the residents’ had access to waste 
collection services. In many places around 
Kampala as well as in Bwaise one can observe 
and smell the decomposing matter as well as 
burning refuse, even though this is illegal. Many 
of the people in these areas are obliged to ignore 
the law in order to minimize the amount of 
waste. Composting is not a very well developed 
waste management method in Kampala, although 
the study made by Water Aid, WSUP and CIDI, 
showed that in areas with higher incomes, com-
posting was carried out to a small extent. Re-
cycling of glass bottles is implemented in almost 
every grocery store, where the customer pays an 
additional amount to the price which is refunded 
in return of the bottles. 

As a result of insufficient solid waste and 
wastewater management practices the shallow 
aquifers in the peri-urban areas are being exposed 
to continuous anthropogenic contamination. 

Impacts related to rapid urbanization 

Groundwater resources are essential in all sectors 
in most places worldwide. One of the main rea-
sons is that the urban populations depend on 
these resources for both domestic and industrial 
activities. As the pressure on these resources has 
increased worldwide, the concerns about its qual-
ity has become more serious. 

Informal settlements in developing countries are 
usually located in areas that are subject to flood-
ing risks since they are commonly built in low el-
evation lands. 

Due to the expansion of urban infrastructure and 
housing facilities, the fraction of pervious surface 
that allow infiltration and eventually groundwater 
recharge have decreased. More extensive runoff 
together with poor drainage facilities and lack of 
maintenance of the existing ones lead to more 
extreme flooding occurrences in the peri-urban 
areas (Kulabako, 2010). The infiltration is how-
ever taking place by localized recharge of differ-
ent types of wastewater in these areas, which has 
a clear negative impact on the water resources 
quality. 

Modern environmental health hazards, or 
MEHH, constitute a significant fraction of the 
health problems in Africa today. One-third of the 

health problems are estimated to be related to 
MEHH (Prüss-Üstün & Corvalán, 2006). This, is 
due to development factors such as industrial and 
economic growth as well as the increasing urban 
populations, and might eventually be as 
imperative as traditional environmental hazards in 
the future (World Bank, 2008). 

Lack of sustainability elements with respect to re-
sources deployment, environment and health in 
the context of prompt development are principal 
issues concerning MEHHs (WHO, 1997). 

In Bwaise lll parish, where three of the studies 
protected springs are situated, only a small area is 
available for infiltration of precipitation. Despite 
limited infiltration possibilities, the groundwater 
table is high and close to the soil surface; the 
mean depth to the groundwater being around 
0.5 m (Gard & Torstensson, 2006). 

General study objectives 

The general objective of the study was to evaluate 
the levels of selected trace metal pollutants in soil 
and water from selected protected springs in the 
Divisions of Kawempe, Kampala Metropolitan. 

Specific Objectives 

The specific objectives of the study were: 

To determine chemical and environmental pa-
rameters of the groundwater, such as tempera-
ture, pH, soluble salts, dissolved organic matter 
and redox potential. 

To determine the levels of selected trace metal 
pollutants in the soils in and around the protec-
tion head of some protected springs in the Divi-
sions of Kawempe. 

To determine the levels of selected trace metal 
pollutants in the spring water samples from some 
protected springs in Kyambogo and the Division 
of Kawempe. 

To compare trace metal concentrations in spring 
water to accepted guidelines values for drinking 
water quality. 

Scope of the study 

The study was made in collaboration between the 
Makerere University, Kampala Uganda and the 
Royal Institute of Technology (KTH), Stockholm 
Sweden. It partly contributed to a PhD research 
study (Grace Kizito Bakyayita) which focuses on 
low cost remediation of trace metals from con-
taminated groundwater from protected springs in 
peri-urban areas in Kampala Metropolitan, 
Uganda, using biosorbents materials of plant 
origin for filtration. 
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This study included literature studies, sampling of 
soil and water in field and laboratory work to a 
certain extent. It was carried out during the dry 
season (February – March 2012) but before the 
onset of the wet season. The study was limited to 
five selected protected springs in the Divisions of 
Kawempe and Nakawa. 

THEORETICAL BACKGROUND 

The hydrological cycle 

Water moves around in the hydrological cycle 
(Fig. 3), which is driven by the sun and gravity. 
Water is transferred to the atmosphere as evapo-
ration from vegetation, lakes, streams and oceans 
and when the air is saturated it is returned in the 
form of precipitation. One part of the precipita-
tion from the atmosphere is taken up by vegeta-
tion, a second part infiltrates and percolates into 
the ground which contributes to groundwater 
formation while a third part becomes runoff and 
reaches different kinds of water bodies. 

Water is not a renewable natural resource and is 
essential for all living organisms. For those rea-
sons, it is of great importance that users within all 
sectors treat this valuable resource accordingly. 
Fortunately, the concerns have increased the 
awareness of the significance of the access to 
clean water, which may be of help when provid-
ing good-quality water for drinking and agricul-
tural purposes in the future. 

Subsurface flow 

The groundwater flow (Q) can be described by 
Darcy´s law, eq. 1 (appendix I), according to 
which the hydraulic conductivity (k) and flow 

section area (A) together with the hydraulic gradi-
ent (dh/dL) are considered. Above the ground 
water level in the unsaturated zone, water flow is 
usually vertical in homogeneous soil and the flow 
velocity is rather low, in the range of weeks to 
years. Due to capillary forces the flow can be di-
rected upwards when the climate conditions are 
dry. The saturated zone is filled with groundwater 
and the water flow is considerably faster, in the 
range between a few meters per year to hundreds 
of meters per day.  

 Trace metals and their mobility in the 
environment 

A heavy metal is defined as any stable metal or 
metalloid, together with its associated com-
pounds, that has a higher density than 4 g/cm3 
(UNECE, 1979). However, the concept of heavy 
metals has gradually been replaced by other crite-
ria and thereby alternative terms are used when 
referring to these metals, for instance trace metals 
and toxic metals. 

Zinc (Zn), copper (Cu), lead (Pb) and cadmium 
(Cd) are metals that even in low concentrations 
are causing contamination (Brady, 2008). Heavy 
metals may occur naturally in high concentrations 
due to the weathering of parent rock or they may 
occur in elevated concentrations due to anthro-
pogenic contamination. Anthropogenic additions 
of metals to soil are commonly present in the soil 
water as well as on soil particles and as precipi-
tates (McLean & Bledsoe, 1992). The latter 
source of contamination is related to develop-
ment activities and economic growth. 

These metals exist in forms that are non-de-
gradable and often appear in either stable ionic 

Fig. 3 The Hydrological cycle and possible contaminant pathways. 
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state, or as complex. In order to make a distinc-
tion between the dissolved and particle bound 
forms of different metals in water, a filtration 
with membrane of 0.45 µm is usually carried out 
(Berggren Kleja et al, 2006). One important rea-
son for dividing the total concentration or occur-
rence of a metal into its different species is that 
not all forms of it can be mobile, and the differ-
ent species have distinct levels of mobility. To 
determine the speciation of some metals, even 
the biogeochemical factors are of significance. In 
general, aqueous complexation and hydrolysis 
cause higher solubility whereas different adsorp-
tive mechanisms and precipitation decrease the 
mobility (Salomons et al, 1995). Free metal ions 
have higher bioavailability compared to the ions 
in complex forms (Berggren Kleja et al, 2006). 
For each specific metal, the valence and ionic ra-
dius ratio (Fig. 4) have a significant impact on its 
mobility. A compound with small ionic radius 
and higher valence is generally less mobile 
(McBride, 1994). 

In order to make an estimation of the possible 
mobility of a certain metal in soil, one needs to be 
well acquainted with the chemical conditions of 
the water that is flowing within the soil column 
and in addition, consider the time-dependent and 
spatial changes of the chemical properties of the 
soil and water. There are three main aspects that 
affect the chemical properties of soil and the 

groundwater related to it: interactions between 
water and solid, biological activities and mixing of 
water. 

In soil environments where the pH is low and 
settings are medium to highly reducing, the met-
als are more easily soluble and therefore more 
mobile (Salomons et al, 1995). 

Distinguishing the natural metal contents from 
human-contributed pollution is not an easy task 
(Bowie & Thornton, 1985). The presence of a 
metal alone does not always mean an actual con-
tamination has taken place. Geological conditions 
and the origin of a soil are principal factors that 
determine natural levels of metals present. There-
fore comparison of metal levels found in a soil to 
mean values alone cannot answer questions re-
garding pollution. It is necessary to make direct 
assessment of an unpolluted soil column in order 
to determine the actual natural metal contents 
(McLean & Bledsoe, 1992).  

Solute transport in porous media 

A solute refers to any kind of substance that is 
dissolved in another substance, in this case trace 
metals in the groundwater. There are several 
principal mechanisms by which dissolved com-
pounds move within the saturated zone (Fetter, 
1999). 

Diffusion is a result of concentration differences 
within an area. Solutes migrate from places with 

Fig. 4 Solubility varies with the relationship between ionic radius and valence (Mc Bride, 1994). 
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higher concentration towards sections with lower 
concentration. Diffusion will thus continue until 
the system reaches equilibrium, independent of 
solution movement. The mass flux is determined 
by the concentration difference and a diffusion 
coefficient. Due to the variation of particle 
shapes and sizes along the flow direction, diffu-
sion is a slower process in the subsurface than in 
water. Dispersion is a spreading mechanism and 
is a consequence of differences in water move-
ment within pore-systems of varying size and 
form. Diffusion is commonly not separated from 
mechanical dispersion, and is hence combined in 
a term called hydrodynamic dispersion. 

Another important transport mechanism in satu-
rated media is advection, also noted as convec-
tion, which is a result of the movement of the 
solute together with the groundwater due to the 
hydraulic gradient. In order to calculate the mass 
that is moved due to advection, one needs to 
identify the solute concentration as well as the 
magnitude of water flow. For advective transport 
in one dimension, the transport equation contains 
a velocity component called average linear veloc-
ity and concentration gradient. 

The vadose zone is the part of the soil above the 
groundwater table, where the voids are only 
partly filled with water, which means there exists 
pressure on the water. Movement of water here is 
thus a result of several components; adhesion and 
capillarity as well as elevation head. The two main 
processes by which solutes are transported are 
advection and diffusion, which together with re-
tardation determine to what extent contaminants 
are moved. 

Due to the variation of pore systems in the soil 
including dead-end pores, solutes may get fixed. 
Another important aspect is the existence of pos-
sible preferential pathways which favour water 
movement and can lead to concentrating the 
solution to specific points. 

Adsorption 

Due to chemical reactions, for instance adsorp-
tion and biological activities, different com-
pounds follow a slower path than soil water on 
the way to the groundwater and eventually sur-
face watercourses (Gustafsson et al, 2008). The 
water movement is influenced by heterogeneity in 
the soil structure, its pore system as well as water 
content (Nyhlén, 2004). 

Adsorption is defined as a process where dis-
solved ions are bound to soil surfaces and organic 
matter, and it includes several different types of 
reactions where the most influential ones are ion 
exchange and surface complexing. 

Ion exchange is the reaction where electrically 
charged surfaces in the soil adsorb ions of differ-
ent types, mostly cations due to the general nega-
tive charge of the surfaces. Ions that are bound 
under ion exchange processes can rather easily be 
desorbed if other cations are present since water 
molecules usually surround them and the distance 
to the negative soil particle is thus rather large. 

There are two main types of surface complexing 
of cations in soil, namely forming complexes with 
OH and COOH groups. Generally, surface com-
plexing provides a stronger adsorption condition 
than for electrostatically attracted cations 
(Gustafsson et al, 2008). 

The pH dependence of adsorption  

When considering the chemical conditions of a 
soil, the pH value is a very important factor. It is 
in fact the one most significant aspect that affects 
the degree to which metals are adsorbed by soil 
particles. The pH value affects the attraction 
force between ions and the soil, since it changes 
the electrical charge of the soil particles. Anions 
tend to bind strongly at low pH whereas cations 
are hardest bound at high pH values. For Pb, the 
adsorption is very high even at lower pH and the 
Pb ions bind strongly to oxide particles. For Cd, 
the formation of complex compounds with iron 
hydroxide, is due to weak bonds so the Cd ions 
can easily solubilize at low pH (Berggren Kleja et 
al, 2006). The variation in pH affects the adsorp-
tion of Cu, Ca, Pb and Cd on iron hydroxide 
particles (Fig. 5). The cations Pb, Cu and Cd are 
generally more strongly bound at higher pH val-
ues. When a cation is involved in a complexation 

Fig. 5 The pH dependency of adsorption of 
four ions to iron hydroxide particles 
(Berggren Kleja et al, 2006). 
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reaction, the soil particle will release H+ ions and 
thereby lower the pH. 

Hydrolyzed metal cations are more easily bound 
to soil particles, which partly explain the higher 
metal adsorption when pH level rises as hydro-
lyzed ions increase in number under basic 
conditions.  

The general trend is that with increasing pH, the 
adsorption of cations increases (Fig. 6) since the 
sorbing sites become increasingly negatively 
charged with increasing pH. 

The acidity also affects the solubility of Fe and 
Mn oxides, which sometimes function as adsor-
bents; acidic conditions, i.e. pH <6, lead to the 
release of metal cations into the water. With de-
creasing pH, the competition between the metal 
ions and other cations such as Al3+ and H+ might 
decrease the adsorption (McLean & Bledsoe, 
1992). 

Cation Exchange Capacity (CEC) 

The cation exchange capacity is a measure of the 
capacity of a soil to attract cations. It is usually 
stated in the unit meq/kg. The CEC depend on 
the surface area of a solid where a larger surface 
area intends to increase the adsorption behavior. 
Consequently, clay minerals, organic matter and 
(hydro)oxide or hydroxide content are important 
parameters when considering the adsorption ca-
pacity of a specific soil (Appelo & Postma, 2005). 

Sorption isotherms  

Sorption isotherms represent the relationship 
between a dissolved and adsorbed solute con-

centration, which can be convenient when de-
tecting the transport of inorganic substances in 
soil (Gustafsson et al, 2008; Appelo & Postma, 
2005). In this study the linear Kd model is used to 
estimate the Kd values for the different metals in 
the soil. 

Linear Kd –model 

In the Kd-model it is assumed that the relation-
ship between the adsorbed amount of a sub-
stance and its concentration is linear (Gustafsson 
et al, 2008).  

The Kd-model is only valid under certain condi-
tions because of complexity in nature, for exam-
ple differences in pH. Due to this the Kd-value is 
usually varying in the range of several magni-
tudes. When appropriate, the Kd-model is simple 
and can be useful if one use assumptions suiting 
the requirements of the equation and if the 
chemical properties of the soil are rather con-
stant. Also the model has to be calibrated for the 
specific soil under study (Gustafsson et al, 2008). 

ni =Kd * CTOT,i 

ni : the concentration of adsorbed substance, i 
(mol/kg) 

CTOT,i ; the dissolved total concentration of sub-
stance, i (mol/L) 

Kd ; the distribution of a substance between the 
liquid and solid (l/kg) 

Redox conditions 

In redox reactions, transfers of electrons take 
place. The reducing compound releases one or 

Fig. 6 Effect of soil pH level on maximum Pb, Cu, Zn, and Ni retention by Dekalb and 
Hagerstown A and B horizons, Ni1 and Ni2 refer to two apparent sorption maxima, (US EPA, 
1992, adapted from Harter, 1983). 
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several electrons that are taken up by the oxidiz-
ing compound. In order to measure the ability of 
any solution to oxidize or reduce compounds, the 
Eh, or redox potential, needs to be determined. 
Oxygen, iron and nitrogen are some examples of 
compounds that contribute in redox reactions. 
For instance, since a number of cationic metals 
have a predisposition of reacting with Fe and Mn 
oxides, changes in the redox conditions may in-
crease or decrease the mobility of these metals 
(Berggren Kleja et al, 2006). Considering Eh in 
assessing mobility of metals is important since 
several of the metallic cations can exist in differ-
ent oxidation states. Usually, oxidizing conditions 
tend to decrease the mobility of the metals that 
have a tendency of being adsorbed to Fe-oxides. 
Therefore it is capital to acquire knowledge on 
the redox potential (McLean & Bledsoe, 1992). 
The pH together with redox conditions has a 
considerable impact on the mobility for some 
compounds (Fig. 7), why pe-pH diagrams are a 
common way of illustrating the different species 
as these conditions change. These diagrams are 
generally representative for compounds that have 
a low inclination of getting attached to organic 
substances since they do not include complexing 
with organic material (Berggren Kleja et al, 2006). 

Dissolved Organic Matter 

The total organic matter content involves differ-
ent fractions such as the active, slow and passive 

fraction. The active fraction is about 10-20 % of 
the total and consists of living biomass, polysac-
charides and fulvic acids. The slow fraction is in 
between the passive and active fraction and con-
sists of components which are chemically re-
sistant, together with plant tissues with high lig-
nin content and other slowly decomposable con-
stituents. The passive fraction is about 60-90 % 
of the total organic matter and most part of the 
humin, humus and humic acids are included in 
this fraction (Brady, 2008).  

The organic matter content in the soil affects 
both its physical and chemical properties; an ex-
ample of changes in the physical properties is en-
hanced water holding capacity and faster infiltra-
tion. Influences of the soils chemical properties 
can for example be acceleration of decomposition 
of the soil minerals caused by humic acids. Car-
bon forms about 50 % by weight of the organic 
matter and when examining the organic matter 
content in water it is usually done by only meas-
uring the dissolved organic carbon content 
(DOC) (Gustafsson et al, 2008). The DOC con-
centration in groundwater used for drinking pur-
poses is recommended to be below 2 mg/l (EPD, 
1994). The availability of DOC in soil is one of 
the most important aspects when analyzing the 
mobility of metals as metals have the tendency to 
form complexes with organic matter which can 
result in lower mobility. However, if the water in-
filtrates to the ground water zone DOC may de-
crease with limits of metal movement (Berggren 
Kleja et al, 2006). The organic matter accounts 
for up to 90 % of all the cation adsorption in 
mineral surface soils due to its great cation ex-
change capacity (CEC), which can be up to 30 
times greater than that for clay minerals. The or-
ganic matter is a good pH buffer due to its base 
and acid functional groups and also due to CEC 
(Brady, 2008). 

Chemical Precipitation 

Precipitation is one of the important mechanisms 
in soil water and mostly depends on the redox 
conditions and pH. There are different groups of 
precipitates; silicates, phosphates, carbonates, 
oxides, and sulphides which all contribute to limit 
the metal solubility (Salomons et al, 1995). Sul-
phides are strongly bound to metals in a reduced 
environment; however as soon as oxygen is pre-
sent the metals will be released. Cu has most po-
tential of the four metals with focus in this study 
to form sulphides. Cd and Pb have about the 
same affinity and Zn has the lowest. Carbonates 
will be developed either when the carbon dioxide 
pressure in the ground is high or when the pH is 

Fig. 7 General relationships between Eh,Ph 
and the mobility of some essential and 
potentially toxic elements, Essential 
elements are shown in normal type and 
potentially hazardous elements in italics 
(Dissanayake and Chandrajith, 1999). 
 elements are shown in normal type and 
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high, at about 7 due to the need of free carbonate 
ions. Cd, Cu and Zn are all capable of developing 
carbonates. Oxides and hydroxides will also be 
present when the pH is high due to the necessity 
of a greater amount of hydroxides ions.  At a pH 
greater than 8, Cu and Pb are the ones in partic-
ular to form hydroxides and oxides. There will be 
no precipitates formed if the soil water has a high 
concentration of DOC (Fig. 8) because of the 
complex bindings between the metals and the 
DOC. 

Because precipitated metals finally may be dis-
solved after a long time, the contamination can 
go on for some time even though the contribu-
tion of metals to the soil water has stopped 
(Bergren Kleja et al, 2006). 

Electrical Conductivity 

Electrical conductivity (EC) is a measure of a 
certain solution or material’s capacity to produce 
an electric current. The unit is Siemens per metre 
(S/m). By measuring EC one will find out the 
amount of soluble salts. An increase of EC indi-
cates that the amount of soluble salts is rising.  
The cations calcium (Ca+2), sodium (Na+) and 
magnesium (Mg+2) and the anions chloride (Cl-), 
sulphate (SO4

-2), bicarbonate (HCO3
-), nitrate 

(NO3
-) and carbonate (CO3

-2) are the most com-
mon soluble salts in soil. Animal manure, fertiliz-
ers, road salt, organic matter and sewage sludge 
are all sources from which soluble salts derives 
from (Rhoades et al, 1999). 

Analyzed Trace metals 

Lead (Pb) 

Properties 

Pb is the most commonly occurring trace metal 
(WHO, 2011a), and exists in two oxidation states, 
namely P (II) and Pb(IV), although Pb(II) is by 
far the most dominant oxidation state under most 
conditions. When introduced to a soil environ-
ment, lead can react with a large group of com-
pounds, such as clays, phosphates, carbonates 
and hydroxides as well as organic constituents. Pb 
has large tendency of forming complexes with 
organic matter. The mobility of Pb is small, but 
studies have shown that it can increase in co-ex-
istence with other cations and complexing ligands 
(McLean & Bledsoe, 1992). Dissolved Pb and Pb 
bound to hydroxide surfaces are the usual form 
of lead in waters. As Pb similar to several other 
cations can be subject to cation exchange, its 
mobility is restricted. The presence of Fe-oxides 
and the pH value are capital factors that influence 
the adsorption and hence the mobility of Pb in 
soil environments.  

Pb has historically been widely used in different 
products. The most common uses of lead are in 
batteries, alloys, plumbing, and plastic industries 
and previously in gasoline. The use of lead com-
pounds in gasoline has due to several reasons 
been restricted in most parts of the western 
countries, but in some Eastern European and de-
veloping countries Pb has not been phased out 
yet (WHO, 2011a). 

Health issues related to Pb exposure 

Possible consequences of Pb exposure are plum-
bism (lead poisoning), anemia, nephropathy (kid-
ney related diseases), gastrointestinal colic and 
central nervous system symptoms (Zukowska & 
Biziuk, 2008). 

Scientists have been aware of adverse impacts of 
lead on children’s learning ability and develop-
ment for more than 100 years. Despite the previ-
ous assumption that a blood lead level (BLL) of 
40-50 µg/dL can cause damages, recent research 
suggests that health impacts are evident at Pb 
concentrations as low as 10 µg/dL. The use of 
leaded gasoline has been proven to be connected 
to raise BLL in USA as well as other countries 
such as South Africa (Grosse et al, 2002; Jones et 
al, 2009; Thomas et al, 1999; Mathee et al, 2006). 
As the use of lead in gasoline was phased out in 
South Africa, a decrease in BLL was detected, 
although not directly (Graber et al, 2010). 

Lead exposure continues to be a problem in 
many countries where leaded gasoline has been 

Fig. 8 Precipitation of cerrusite as a function 
of the DOC content, blue line is without 
DOC and red line with DOC (Berggren 
Kleja, et al, 2006). 
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phased out, which is due to continued use of lead 
in other products such as paint and also impacts 
from use of lead in the past as well as contami-
nated waters and landfills. For instance the 
Kiteezi landfill turned out to be an influencing 
factor for high BLL in a study carried out among 
school children in Kampala (Graber et al, 2010). 
Another landfill, Mpererwe, was studied con-
cerning both upstream and downstream water as 
well as leachate. The results confirmed that the 
content of BOD, heavy metals and nutrients are 
higher than national standards in the effluent 
from the landfill but is reduced downstream due 
to the cleaning effect of a wetland where the 
Kitetikka river flows (Mwiganga & Kansiime, 
1999). Despite broad common knowledge about 
consequences that arise from lead exposure, the 
Pb content of paint is still high in many African 
countries (Nweke & Sanders, 2009). 

The WHO guideline for Pb in drinking water has 
been reviewed and discussed continuously, and 
the current guideline value is 10 µg/l since the 
water distribution system itself is in fact a poten-
tial source of contamination and also the tech-
nical complication of reaching a lower level 
(WHO, 2011a). 

Copper (Cu) 

Properties 

Copper is a metal with the atomic number 29, 
which exists in two oxidation states, Cu(I) and 
Cu(II),and can form several types of compounds 
such as copper oxide (CuO), copper chloride 
(CuCl2 )and copper sulfate pentahydrate 
(CuSO4•5H2O). Both cuprous, Cu(I) and cupric, 
Cu(II), ions exist in the dissolved state. Of the 
two oxidation states, cupric copper is the most 
common one in waters with natural conditions 
and pH level up to 6. The natural occurrence of 
copper in the Earth’s crust is approximately 
50 ppm (part per million) (WHO, 2004a). 

Due to its many useful properties such as good 
electrical conductivity and flexibility, copper is 
widely utilized in many industrial fields. Among 
others, it is used in petroleum industry, wood 
treatment, electrical wires; metal blends (alloys) 
and algaecides (WHO, 2004a; ATSDR, 2002). In 
some cases copper compounds have even been 
used in the food industry. Copper is a commonly 
occurring metal in nature and additionally, due to 
the wide range of uses, it reach the environment 
through various channels, such as industrial emis-
sions (e.g. mining- and wood industry), fossil fuel 
combustion, wastewater and solid waste dumping 
activities (ATSDR, 2002). 

As the pH, the level of dissolved oxygen, the re-
dox potential and the amounts of other com-
plexes and ions vary, the form of copper com-
pounds vary with them. The mobility of copper is 
reduced due to precipitation and different sorp-
tion mechanisms due to presence of organic 
matter and other soil particles. How extensive the 
removal of copper in soil water is depends on the 
formation of different precipitates, the amount of 
organic matter and clay, and soil pH conditions, 
which together determine the degree of adsorp-
tion. 

The states of occurrence for copper in natural 
water bodies are in particular form or bound in 
different complexes. Copper concentrations in 
theses bodies can vary widely. According to ear-
lier studies, in the USA, the Cu concentration 
ranged from 0.0005 to 1 mg/l in surface water 
courses, whereas in UK the concentrations varied 
between 0.003 and 0.019 mg/l (WHO, 2004a). 

Health effects related to copper exposure 

The current WHO guideline for copper concen-
tration in drinking water, which is 2 mg/day, 
needs a revised control since several studies have 
shown that a total daily exposure of 10 mg, in-
cluding water and food borne copper, should be 
applied. As for the gastrointestinal effects of ex-
posure, it seems that the time period of exposure 
and concentration play a more significant role 
than the sum mass of copper intake. Impacts re-
lated to long-term exposure in people with 
Wilson disease and other copper regulation dis-
eases are still to be investigated further (WHO, 
2004a). 

Cadmium (Cd) 

Properties 

Cd is a cation and belongs to group IIB in the pe-
riodic table, which only contains metals. Cd is 
either available as a free ion, with mobile organic 
or inorganic matter or in complex with inorganic 
or organic ligands. Below follows an example of a 
complex between Cd and the inorganic ligand Cl- 

which will yield the species Cd2+, CdCl+, CdCl2 or 
CdCl3-, as indicated they will either  be present as 
charged or uncharged complexes. The example 
above will benefit the mobility of Cd due to 
weaker adsorption onto soil particles (McLean & 
Bledsoe, 1992). 

Cd can also be easily exchanged with calcium (Ca) 
due to their equality in atomic radii. If Cd is 
added to a solution of calcium carbonate then Cd 
will take the place of Ca, which is called a solid 
solution formation (McLean & Bledsoe, 1992). 
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Cd is naturally released from weathering soil and 
rock. When it occurs it is often in the presence of 
zinc (Bowie & Thornton, 1985). It can also arise 
from volcanic activity and be transported in riv-
ers. Cd sources due to human activities released 
into the environment are several, an example of 
some in particular uses are; electronic waste, 
plastics, combustion of fossil fuels and incinera-
tion of waste (WHO, 1996). The primary source 
of Cd exposed to the human body is the daily in-
take of food which contributes with around 10-
35 µg. 

The retention mechanisms for Cd in soil are ad-
sorption and precipitation. Adsorption will occur 
onto hydrous oxides (Fe, Mn), clay minerals or 
carbonates. Precipitation of Cd will be as car-
bonates, phosphates or hydroxides. The retention 
mechanisms will mainly occur at a pH higher 
than 6 (McLean & Bledsoe, 1992). A study made 
by the governmental food administration showed 
a very obvious increase of mobile Cd as pH was 
decreased (Knutsson & Morfeldt, 2002). The 
value of the equilibrium distribution coefficient, 
KD for Cd varies between 10 and 1000 
(Gustafsson et al, 2008). 

Health effects related to cadmium exposure 

 When Cd enters the body it is accumulated in 
the kidneys and can cause problems such as kid-
ney dysfunction. Brittle bones, lung cancer and 
acute pneumonia are other health effects that 
arise from Cd exposure. The effects of Cd in 
animals such as rats and dogs have been known 
to increase the blood pressure, though even only 
a very little amount of the metal is needed for 
causing the effect (Bowie & Thornton, 1985). 
The guideline value for Cd in drinking water is set 
to 3 µg/l (WHO, 2004b). 

Zinc (Zn)  

Properties 

Zn also belongs to group twelve in the periodic 
table and can be found in rocks and minerals. 
Comparable to Cd, Zn is either available as a free 
ion, with mobile organic or inorganic matter or as 
complex with inorganic or organic ligands 
(McLean & Bledsoe, 1992). 

In the presence of water with a high pH-value it 
will form complexes with DOC; however Zn is a 
stable metal and prefers to be in the oxidation 
state +2. Zn2+ will be the form in which Zn is 
present if the pH is less than 6 (Bergren Kleja et 
al, 2006). 

In soil Zn is either bound to Fe- and Mn- oxides, 
as precipitates with phosphates or hydroxides and 
as most common with DOC. 

Zn that is naturally released to the environment is 
either transported by erosion, from forest fires or 
igneous emissions (WHO, 1996). Some sources 
of Zn due to human activity are waste incinera-
tion, fertilizers, pesticides, mining and iron and 
steel production. When present in the environ-
ment it is usually found with oxides of iron and 
manganese. In food and drinking water Zn is 
generally found as salts or organic complexes. 

The retention mechanism for Zn is adsorption in 
the soil to hydrous oxides and clay minerals at a 
higher pH value (McLean & Bledsoe, 1992). Be-
cause of high solubility of Zn compounds it is 
not very common that Zn compounds are pre-
cipitated. The value of KD for Zn is also in the 
same range as for Cd, between 10 and 1000 
(Gustafsson et al, 2008). 

In a study made in 1987 by Boyle and Fuller it 
was shown that the mobility of Zn in different 
soils varied depending on the total organic car-
bon (TOC) and total suspended salts (TSS). The 
higher amount of TOC and TSS in the soil, the 
greater was the mobility of Zn. Nevertheless, not 
only Zn has a greater mobility but all of the four 
metals have higher mobility with an increase of 
TSS. From the study it could also be determined 
that the important factors for retention mecha-
nisms in the soil were clay content, cation ex-
change capacity (CEC) and size of surface area. 
Both Zn and Cd have higher capability of being 
in the exchangeable fraction compared to the 
other metals in the study. This property increases 
their tendency of being mobile. 

Health effects related to zinc exposure 

Zn is a vital substance to all living organisms but 
when occurring in higher concentration it can 
cause damage to animals and to the human body. 
Some health effects due to Zn exposure have 
been known, such as nausea, gastrointestinal pain 
and diarrhea. In animals like rodents short-term 
exposure to Zn has shown effects such as loss of 
hair and changes in brain and kidneys. The pri-
mary source of Zn exposed to the human body is 
through daily intake of food (WHO, 2011b). 
Guideline for Zn in drinking water is 0.5 mg/l 
(Swedish EPA, 2008). 

Trace metal toxicity  

According to Nordberg et al (1978), there are 
several factors that determine the toxicity of met-
als. The chemical and physical characteristics of 
the metal concerned, its interaction with other es-
sential metals, the environmental fate of the 
compound, its movement in nature and factors 
related to the exposure (time, concentration et 
cetera) are such factors. 
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METHOD  

Study area 

The case study areas are selected informal low-
cost settlements in peri-urban Kampala. These 
settlements are densely populated and lack ade-
quate access to basic water supply, sanitation so-
lutions and waste management (Kulabako, 2010). 
Bwaise III Parish (Fig. 9) is the main area which 
is situated in Kawempe division in the north of 
Kampala. It has been extensively studied by 
Kulabako (2010). The other study sites were lo-
cated in Banda in Nakawa division, Eastern 
Kampala. 

Topography 

Steep-sided hills of a height of 1300 m above sea 
level (masl) are the foundation of the center of 
Kampala (ARGOSS, 2002).The lower lying areas 
with reclaimed wetlands and narrow valleys are 
situated at an elevation of 1160-1170 masl (Gard 
& Torstensson, 2006). The areas where the study 
sites were located were low-lying and were 
located along tender slopes in Makerere and short 
steep slopes in Banda. 

Climate 

The climate in Uganda is Tropical with two wet 
seasons; one begins in March and ends in May, 
the other one begins in September and ends in 
November. Nowadays these periods appear to 
have lost their regular pattern due to climate 
change. Nevertheless, it is not uncommon with a 
number of rainy days during the dry period. In 
Kampala the maximum temperature is generally 
between 25 and 30 °C. 

Geology 

Underlying the soil layers there is Precambrian 
rocks such as granite, gneisses, amphibolites, 
schist, phyllite and quartzite which are typical for 
most of the sub-Saharan Africa (ARGOSS, 2002; 
Gard & Torstensson, 2006; Taylor et al, 2010). 
On top of the basement rock there is a thick layer 
of regolith which contains unconsolidated weath-
ered material and is a result of chemical weath-
ered crystalline rock (ARGOSS, 2002; Taylor et 
al, 2010). The top soils are generally sandy, over-
laying silty sands and clay silts (Kulabako, 2010). 

Soil properties 

The main soil type in Uganda is Ferralsols (FAO, 
1998), which are also called Oxisols (USDA, 
1999). It belongs to Lateritic soils which are a red 
soil that arise from previously mentioned weath-
ering. These soils are found in tropical and sub-
tropical regions like Uganda (Ugbe, 2011). Typi-
cal for these soils are the predominant secondary 
minerals such as iron-and aluminum oxides, and a 
low content of organic matter which both con-
tributes to a low CEC. 

Ultisols are very common in Uganda and have 
properties that resemble those of Oxisols, but a 
significant difference between Ultisols and Later-
ite is that Ultisols has a coarser top soil due to the 
downward transport of clay particles (USDA, 
1999). The Ultisols and the Ferralsols are acidic 
with a pH lower than or equal to 5. In the acidic 
soils metals have a greater ability of being mobile, 
this is due to that mechanisms like precipitation 
and hydrolysis will be less active (Cornu et al, 
2000). 

Hydrogeology 

Aquifers of weathered crystalline rock are the 
main type in Kampala (ARGOSS, 2002). The 
groundwater in these aquifers, which are com-
monly anisotropic, is transmitted in the uncon-
solidated weathered material and in the rock 
fractures.  Anisotropic aquifers are a result of 
progressive degradation of weathered bedrock 
materials.  The hilly topography in Kampala in-
creases the run-off which contributes to erosion 
and results with thin weathered regolith. As a 
consequence of the thin regolith, shallow 
groundwater systems are common. 

Bwaise III Parish 

Bwaise is located 4 km from the Kampala city 
centre and has high population growth of 9.6 % 
(more than twice the average for Kampala city) 
(Kulabako, 2010). 

Drinking water pipes have been arranged in the 
urban areas of Kampala, but most of the 

Fig. 9 Map of Kampala showing the location 
of Bwaise III Parish (Kulabako, 2010). 



Evaluation of the levels of selected trace metal pollutants in groundwater and soil from protected springs

 

13 

inhabitants in the peri-urban settlements use 
water from shallow groundwater from protected 
springs which is free of charge. 

The Bwaise III Parish area is situated on a re-
claimed wetland. The area consists of temporary 
and semi-permanent structures built very densely. 
These structures include houses, pit latrines, 
shops, animals’ husbandry, food stands and ac-
tivities such as garage mechanics etc. According 
to the Ugandan Bureau of Statistics (UBOS, 
2011), the population density in the parish was 
estimated to 27000 persons/km2. In order to 
build settlements on these wetlands, the soil has 
been stabilized with material, such as solid waste, 
burnt organic matter and lateritic soil. Due to 
shallow groundwater and inadequate handling of 
wastewater and solid waste the groundwater aqui-
fers have become recipients of contamination 
(Kulabako et al, 2008). Contaminant transport 
may be enhanced by the presence of macro pores 
within the soil caused by the filling material 
(Kulabako, 2010). 

Water Supply 

Protected springs  

A protected spring (Fig. 10) should have a pro-
tection area which consists of backfill media. The 
media ought to contain a top soil layer covering a 
sand and clay layer of about 0.5 m and about 1 m 
thick bottom layer of gravel with a grain size 
between 12- and 25 mm. The backfill media is 
substantial in order to prevent possible contami-
nants to enter the spring, particularly from sur-
face water. In order to maintain the protection 
area there is a need for a fence above and around 
the spring. This is to make sure that neither peo-
ple nor animals can pass through the area since 

they may cause holes on the backfill media which 
will contribute to erosion. A second factor that 
may cause erosion is the lack of diversion ditches 
which in turn permits surface runoff to flow onto 
the backfill area which also will increase the risk 
of contamination (Howard, 2002). 

To maintain a clean and safe protection area 
there are some activities that need to be com-
pleted regularly. Below follows a list of operator 
activities according to Howard (2002); the uphill 
diversion ditch and the drainage ditch from out-
lets must be cleared at a minimum once per 
month during the dry season and at least once a 
week during the wet season. For at least once per 
dry season and once per month during wet sea-
son the grass must be cut within fence. Once per 
week during both dry- and wet season, it must be 
ensured that steps are clean and not broken, 
clearing the area around and specially uphill of 
the spring from garbage. Paths and grassed areas 
above the spring also need to be cleared from 
garbage waste; this is done at least once per 
month during the dry - and the wet season. Reg-
ular inspections of the spring need to be made at 
least twice a week during the dry season and once 
a day during the wet season and detected faults 
should be noted.  

During the course of the study, it could immedi-
ately be recognized that maintenance of the pro-
tected springs within the study area is nonexist-
ent. Despite this, residents appeared to be willing 
to make the effort that is needed; however, they 
are not informed about the actions required in 
order to maintain the protection areas. 

Criteria for selection of springs 

Before making a decision regarding different 
sampling sites, a preliminary screening procedure 
was carried out in order to determine which 
springs that should be investigated with regard to 
several criteria. These criteria consisted of an 
analysis of the surroundings of each spring, in-
cluding industrial activities in the vicinity of each 
spring, results of EC measurements from the 
spring water, domestic activities around the pro-
tection area, personal security of the field staff, 
availability with respect to land ownership, lack of 
advanced digging equipment and accessibility. As 
the sources of several of the focus metals are 
domestic waste and common oil products such as 
gas and paint, dumping of domestic and indus-
trial waste in and around the protection areas as 
well as car related industries were considered 
principal. All of the chosen springs were located 
at rather low elevations and downstream of po-
tential pollution sources and environmental 

Fig. 10 Cross section of a protected spring  
(Water Aid, 2007). 
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hazards. The springs that showed high EC levels 
during field measurements were considered more 
likely to be affected by pollution. For one of the 
springs, soil sample sites were altered due to lack 
of previous permission from landowners. An-
other factor that influenced the choice of springs 
was the vicinity to roads. 

Study Sites 

Bwaise III Parish 

Katoogo 

The Katoogo spring (Fig. 11) is located at 
36N450579E0038885N, in Bwaise III Parish, and 
is lacking an existing protection area, since it has 
been destroyed. The activities upstream are many 
and of different types, such as a parking lot 
(Fig. 11) where car repair and painting also takes 
place. A motorcycle repair shop is 30 m from the 
supposed protection, where spilling of oil prod-
ucts occur and the waste liquids are not taken 
care of. The buildings in the area are as close as 
4 m to the protection area. In addition to these 
activities, storm water pipes are placed 40 m up-
stream, which during the rainy season might 
contribute to the well water and a highly traf-
ficked road in just above the storm water pipes. 
Road spill is likely to reach the groundwater in 
the well. This spring has previously been studied 
by Kulabako (2010) and the soil has a high con-
centration of calcium and phosphorus. Water 
samples, KOW1 - KOW4 (appendix II) were 
collected at 9th and 16th of February. Four soil 
samples, KOS1-KOS3.1 (Table 1 and Fig. 11), 
were taken at this site. KOS3 and KOS3.1 were 
taken at the same spot but at different depths. 

Table 1 Soil quality parameters for Katoogo 

Sample ID Sampling date Depth (m) pH 

KOS1 9/2 0-0.04 4.03 

KOS2 9/2 0.83–0.93 4.33 

KOS3 16/2 0.59–0.69 4.15 

KOS3.1 16/2 1.53–1.63 4.28 

 

SP43/06K 

The protected spring SP43/06K (Fig. 12) is situ-
ated at coordinates 36N451285E0038471N, in 
Bwaise III Parish, and located downstream of 
dense housing facilities. Pit latrines and septic 
tanks are situated upstream the protection area 
which might in case of leakage cause pollution of 
the spring water. A motorcycle and car repair fa-
cility was located at a distance of only 30-40 m 
from the supposed protection area, as well as a 
rather large wood industry at the same distance. 
Other activities in the vicinity consist of a fish 
market situated 40-50 m away from the protec-
tion and a petrol station with many different 
types of services such as carwash and car repair. 
Inside the alleged protection (Fig. 13), which is 
made of wooden fence and metal wires, domestic 
wastes have been dumped. Due to the variety of 
human activities in the vicinity of the spring, and 
the close distance, it is conceivably already pol-
luted or at risk of being contaminated with trace 
metals. Water samples, SKW1 - SKW4 (appen-
dix II) were collected at 10th and 17th of February. 
Six soil samples, SKS1-SKS5 (Table 2, Fig. 12 
and Fig. 13), were taken at this site. SKS4 and 
SKS4.1 were taken at the same spot but at differ-
ent depths. 

Fig.11 a) on left, Katoogo Spring, lacking an existing protection area. Sampling point marked 
with green arrow, b) on right, parking lot/car repair on the left hand side of the supposed 
protection where samples were taken (Photo: Moulodi & Thorsell, 2012). 
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Bukuku Spring 

Bukuku spring (Fig. 14) is located at the coordi-
nates 36N459644E0038787N in Bwaise III 
Parish. At a distance of approximately 10 m from 
the spring the first resident is to be found. Its 
protection area is fenced by a brick wall and con-
sists of a concrete slab with a width of about 5 m, 
behind the wall the soil is covered with burnt 
woodchips which is the remaining of an old in-
dustry (Fig. 15). Due to the daily activities in the 
surrounding area such as wood industry and paint 
manufacturing Bukuku spring was chosen for 
further investigation. Pollution sources affecting 
the spring water from the wood industry were as-
sessed to be chemicals such as zinc sulphate, lead 
oxide and copper which with great certainty are 
used in wood treatment. The paint industry was 
assumed to contribute with Cd in particular. Ex-
cept the industries in the surrounding area, the 
second greatest potential source of pollution was 
the large excess of dumped waste from organic- 
to electronically waste. Water samples, BW1-BW4 

(appendix II) were collected at 9th and 16th of 
February. Three soil samples, BS1-BS2.1 (Table 3 
and Fig. 15), were taken at this site. BS2 and 
BS2.1 were taken at the same spot but at different 
depths. 

SP14/14R, Kawaala 

The protected spring SP14/14R (Fig. 16) is situ-
ated at the coordinates 36N449861E0038199N in 
Bwaise III Parish. The lack of a proper protection 
area could be observed and all that was left from 
it were a couple of poles with some wire, this was 
one of the main reasons for selecting current 

location. Combustion of domestic waste seemed 
to be a daily activity which took place on the 
upper right hand side of the well area. At a 
distance of approximately 3 m from the supposed 
spring protection area there was a bathroom 
facility and at a distance of 20 and 15 m 
respectively from the well two pit latrines were 
inconveniently placed. Water samples, SRW1-
SRW4 (appendix II) were collected at 10th and 
17th of February. Three soil samples, SRS1-SRS3 
(Table 4 and Fig. 16) were taken at this site. 

Banda, Nakaawa 

Katalina Spring 

The Katalina spring is situated at the coordinates 
34N459763E0038650N in Banda, Kampala 
(Fig. 17). The nearest household was located at a 
distance of 5 m from the spring and in the sur-
rounding there were plenty of houses both up-
stream and downstream of the spring. 

 

 Table 2 Soil quality parameters for 
SP43/06K 

Sample ID Sampling date Depth (m) pH 

SKS1 10/2 - 4.00 

SKS2 10/2 - 3.68 

SKS3 10/2 - 4.09 

SKS4 17/2 1.13–1.23 4.23 

SKS4.1 17/2 1.59–1.69 4.21 

SKS 5 17/2 0.81–0.91 4.01 

 

 

Fig. 13 The outlet of SP43/06K and the 
protection area which has been subject to 
waste dumping and animal activities 
(Photo: Moulodi & Thorsell, 2012). 

 

Fig. 14 spring outlet is flooded due to a 
blocked drainage channel which causes 
back flow into the discharge pipes (Photo: 
Moulodi & Thorsell, 2012). 
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Table 3 Soil quality parameters for Bukuku 

Sample ID Sampling date Depth (m) pH 

SS1 9/2 0.31–0.41 3.96 

SS2 16/2 0.79–0.82 4.22 

SS2.1 16/2 1.04–1.14 4.11 

 

The current protection area consisted of some 
grass and wooden poles with metal wire and was 
mismanaged like all the other springs with a pro-
tection area that was loaded with solid waste. 
Right above the protection was a frequently used 
but small road of sand (Fig. 18). The people liv-
ing within the area were mostly students and the 
conditions were slightly better than for most of 
the other sample sites. The reasons for selecting 
this spring were the steep upstream area with a 
lot of possible pollution sources such as great 
amount of waste, a road and daily domestic ac-
tivities.  Seven soil samples, of which two were 
from the same sampling site, were taken from the 
region around and above the spring. Based on the 
human activities in the vicinity, high metal 
concentrations were not expected. Water sam-
ples, KAW1-KAW4 (appendix II) were collected 
at 9th and 16th of February. Seven soil samples, 
KAS1-KAS5 (Table 5, Fig. 17 and Fig. 18), were 
taken at this site. KAS3. KAS3.1 and KAS3.2 
were taken at the same spot but at different 
depths. 

Water sampling, preparation and analysis 

Two water samples were collected from each 
spring (Fig. 19) and in addition the water 

sampling was repeated another date in order to 
assure the reliability of the results. The 
temperature and pH as well as the redox potential 
of the water samples were measured with a HI 
991003 (appendix III) from Hanna Instruments, 
which was rinsed between each measurement. All 
bottles used for sample preparation and 
preservation before transport to Sweden was 
washed with distilled deionized water before use.  

DOC analysis 

The analyses for DOC were performed at the 
Department of Soil and Environment at the 
Swedish University of Agriculture (SLU) in 
Uppsala. The responsible person for completing 
the analyses was Mirsada Kulenovic and the 
equipment used was Shimadzu TOC-5000A. The 
total number of water samples prepared for DOC 
analysis was 20. 

The water samples, one for each date and spring, 
were prepared for analysis of trace metals and 
dissolved organic carbon (DOC). For the DOC 
concentration, 20 ml of the samples were trans-
ferred into new bottles and sealed. For the sam-
ples that were subjected to trace metal analysis, 
approximately 20 ml of the water was poured into 
new bottles and acidified by adding 0.2 ml of 
HNO3. 

Four of the samples were due to different reasons 
found to be frozen on 27/3 and were left to thaw 
until the next day. The total number of water 
samples prepared for metal analysis was 20. 

Fig. 15 sampling points, marked with 
arrows and the brick wall is the 
demarcation of the protection area (Photo: 
Moulodi & Thorsell, 2012).  

Fig. 16 No protection area exists and 
residences are closely located upstream of 
supposed protection area (Photo: Moulodi 
& Thorsell, 2012). 
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Soil sampling, preparation and analysis 

Soil sampling procedure 

The equipment used for taking soil samples was a 
manual drill (Fig. 19 and appendix III) with ad-
justable length. For the purpose of preserving the 
soil samples, transparent polyethylene bags were 
used. They were labeled and compacted before 
being put into a cool box and transported to the 
lab. In order to avoid additional contamination of 
the samples, plastic gloves were used at all times. 
As the drill used for this purpose was manual, the 
soil sample depths at almost all study sites were 
varying. Although it was desirable to collect soil 
samples below or at the groundwater level in or-
der to get the most accurate information of 
groundwater contamination, this was not 
achieved at all study sites due to the hard charac-
ter of the soil. 

Pre-extraction preparation 

Before extraction, each soil sample was sieved 
and separated into two fractions, namely particles 
larger and smaller than 4 mm. Only material 
which was smaller than 4 mm was considered in 
the analysis. The sieved soils were weighed for 
different volumes depending on the extraction 
solvent to be used. 

Due to limitations concerning the number of 
shakers, all the soil samples were not extracted at 
the same day. For HNO3 as well as CaCl2 extrac-
tion, fifteen of the samples were extracted on 
March 28th and nine samples were extracted on 
March29th 2012. 

Extraction procedures 

Nitric Acid Extraction 

In order to determine the geochemically active 
fraction of Cu, Pb, Zn and Cd present in the soil, 
extraction with HNO3 was carried out according 
to Gustafsson and Kleja (2005). 

2 g of each soil sample was extracted with 35 ml 
of 0.1 M HNO3 and then sealed (appendix III) 
and processed in a side-to-side shaking device of 
the type Stuart Scientific Orbital at a rate of 
225 rev/minutes for 16 hours. The solution was 
centrifuged for 5 minutes at a rate of 4000 rpm 
and supernatant was excised. Using a syringe the 
remaining solution was taken up and filtered with 
a 0.2 µm filter into a bottle. Using the same 
procedure all the samples were prepared, and 
syringe was rinsed with diluted HNO3 and 
distilled deionized water between each sample. 

 CaCl2 Extraction 

In order to determine the water-soluble fraction 
of the trace metals in focus, extraction with 
0.001 M CaCl2 was carried out. 

After the sample preparation, 30 g of each soil 
sample was transferred into a 100 ml bottle and 
60 ml of CaCl2 was added. After the sample 
preparation, the bottles were placed on a dual ac-
tion shaker (appendix III) at a speed of 6000 rpm 
for 24 hours. After the 24 hours the suspension 
was moved to special bottles for a centrifuge 
process and the samples were centrifuged for 
5 minutes and at a speed of 4000 rpm. The last 
step in the preparation process included filtering 
of the centrifuged samples which was made with 
a syringe, attached onto two filters and rinsed 
with distilled water between each sample. 

Aqua Regia Digestion 

For determination of total metal concentration in 
soil samples finely ground soil of 1.250 g was 
weighed into a clean dry 250 ml Pyrex conical 
flask. Deionized–distilled water (25 ml), boiling 
chips and 25 ml of HNO3/HCl in the ratio 3:1 
(Aqua Regia) were added to the conical flask. 

 

Table 4 Soil quality parameters for 
SP14/14R 

Sample ID Sampling date Depth (m) pH 

SRS1 10/2 0.81-0.91 4.09 

SRS2 10/2 0.91-1.01 3.56 

SRS3 17/2 0.56-0.66 4.13 

    

 

Fig. 16 No protection area exists and 
residences are closely located upstream of 
supposed protection area (Photo: Moulodi 
& Thorsell, 2012). 
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A funnel was placed on top of the flask and the 
conical flask and its contents were heated in a 
fume hood on an electrical hot plate set at me-
dium heating until digestion was complete. When 
digestion was complete, 30 % H2O2 (1-3 ml) was 
added to the flask. The flask was swirled and re-
heated for 10 minutes. Then 12.5 ml concen-
trated HCl were added and before reheating the 
flask until boiling occurred. The clear supernatant 
was then filtered through non-pyrogenic filters 
into properly labeled plastic bottles, closed and 
transferred to the analytical laboratory. 

Determination of soil pH 

In order to measure the pH value of the soil 
samples only the fractions smaller than 2 mm was 
considered. The liquid solid ratio, L: S is affecting 
the pH results as well as the moisture content. In 
these analyses a ratio of 2.5 was used; 6.0 g dry 
soil was extracted with 15 ml of distilled 
deionized water. Before extraction of the soil, it 
was dried in room temperature for approximately 
24 hours. When extracted, the samples were 
contained in plastic bottles which had been rinsed 
with distilled deionized water. As the samples 
were dried before the analyses the shaking time 
was enhanced to minimum 30 minutes compared 
to the standard method for field moist samples of 
30 seconds. Since the particle size distributions 
differed between the samples, the soil-water 
suspension settlement times ranged between 4 to 
24 hours. After the settlement, the pH was 
measured with a combination electrode until the 
pH value was stabilized. 

Moisture content 

The moisture content in the soil samples was 
determined in order to recalculate the results 
from the metal analyses. About 2.00 g of each soil 
was picked during the weighing process and then 
the samples were dried in an oven at 105°C for 
24 hours. The weights were noted before and 
after the drying process, and the results were ap-
plied in the general formula for moisture content 
(appendix III). 

Metal analysis 

The chosen standard method for leaching test of 
the soil samples regarding trace metal contents 
was the method ISO/TS 21268-1, which is car-
ried out with CaCl2 as extracting agent. In addi-
tion, soil samples were extracted with Aqua Regia 
in accordance with the standard method ISO 
11466. 

Inductively coupled plasma / mass spectrometry 
(ICP/MS) 

There exist several analytical methods available 
for determining the concentration of different 
non-organic matter in water. 

 

Table 5 Soil quality parameters for Katalina 
Sample ID Sampling date Depth (m) pH 

KAS1 9/2 1.50–1.60 4.20 

KAS2 9/2 0.65–0.75 4.09 

KAS3 9/2 0.38–0.48 3.96 

KAS3.1 16/2 0.60–0.65 4.08 

KAS3.2 16/2 1.10–1.15 4.02 

KAS4 9/2 0.22–0.32 3.97 

KAS5 16/2 0.31–0.33 4.13 

Fig. 17 Resident activities around Katalina 
spring, arrow points out one of the sample 
sites (Photo: Moulodi & Thorsell, 2012). 

Fig. 18 The other two sample sites, to the 
left, sample from the edge of a compound 
(Photo: Moulodi & Thorsell, 2012). 
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For the purpose of this project, ICP/MS (Induc-
tively coupled plasma / mass spectrometry) was 
considered the most suitable, since some of the 
trace metals even in very low concentration pose 
a health threat and high accuracy is thus desirable 
when evaluating the presence of these metals. For 
Cu and Cd, the detection sensitivity of this 
method is lower than 1/100 of the guideline val-
ues (GV) and for Pb the detection level ranges 
from 1/10 to 1/50 of GV (WHO, 2008). 

The procedure in ICP/MS includes converting 
the substances into very fine particles first, com-
monly called atomization, and subsequently ioni-
zation in argon plasma, after which the ions are 
sent to the mass spectrometer (MS). In the MS, 
the metal ions are subject to high potential differ-
ences (quadruple) and/or different magnetic 
forces that separate the ions depending on the 
mass/charge relations. Ultimately the ions are 
sent to a detecting unit where the amounts of 
selected compounds are determined (Eaton et al, 
2005). 

ICP/MS allows changes in e.g. magnetic settings, 
which shortens the lab work time (since several 
metals can be analyzed and detected at the same 
time). Altering detection limits is another ad-
vantage of this method (WHO, 2008). 

 Recalculation of the ICP/MS results 

Since all the metal concentration results in the 
soil extraction acquired from ICP/MS were ini-
tially given in the unit g/l, recalculation was re-
quired for the interpretation of the nitric acid and 
Aqua Regia extracted samples. The total metal 
concentrations, as well as geochemically active 
concentrations, in soils are commonly presented 

in mg/kg. Hence the recalculations were carried 
out according to eq. 2 (appendix I), where cμg/l is 
the concentration in μg/l extract, VHNO3 is the 
volume of the HNO3 extractant added (0.035 l), 
and Wsoil is the amount of field-moist soil added 
(0.002 kg).In the case of Aqua Regia, all the pa-
rameters are used in analogy with the formula 
above.  

Determination of site-specific guidelines 

Site specific guideline values were estimated for 
sensitive land-use with the current conditions of 
the study sites. The assessment was carried out 
with the Swedish EPA assessment tool for de-
termination of site specific guideline values for 
soil. Typical background values for East African 
soils were used as input data, together with prob-
able exposure pathways such as drinking water, 
inhalation of dust and dermal contact. 

Speciation of metal fractions in ground-
and soil water (CaCl2 extraction) 

Metal speciation is an essential factor for assess-
ment of the ecotoxicity since the different metal 
species have varying levels of mobility. For this 
purpose, the software Visual MINTEQ 
(Gustafsson, 2012) was used to determine the 
different fractions of each metal present in the 
groundwater and soil water (CaCl2 extract). Con-
sidered input data were metal concentrations, pH, 
redox potential, temperature, DOC and soluble 
salts (Cl-, SO4-

2). Other input data were the con-
centrations of Ca, Mg, Mn, Fe, Al, Sr, K. This 
procedure was repeated for each protected 
spring. 

Fig. 19 a) Water sampling from spring outlet, b) soil sampling with manual drill (Photos: 
Moulodi & Thorsell, 2012). 
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RESULTS  

Katoogo 

Water samples 

The concentration of the selected trace metals in 
the spring water sampled from Katoogo (Table 6) 
did not exceed the guideline values set by the 
WHO (Table 7). The EC was relatively high 
which indicates presence of soluble salts; this was 
confirmed by the chloride concentration. Results 
also showed that the content of DOC was under 
the limit values for drinking water. From the re-
sults of the metal speciation it was clear that the 
most common state of the metals was in the mo-
bile phase, thus as Cd2+, Cu2+, Zn2+ and Pb2+ 
(appendix II). If not a free ion or organic com-
plex, Cd and Pb were preferentially formed as 
complexes with Cl-. Katoogo was the study site 
with a groundwater where the metals have the 
lowest tendency to form organic complexes. 

Soil Sample Results 

The moisture content for the samples ranged 
from approximately 4-25 % and it was increasing 
with depth while the pH values were about 4 
(Table 1). Extraction with HNO3 pointed out 
that the geochemically active fractions of the 
metals (appendix II) were lower than the recom-
mended values for East African soils (Table 8). 
The leachable fractions extracted with CaCl2 did 
not indicate elevated metal concentrations. The 
total concentration including metal bound in the 
mineral structures was as expected higher than 
the results from HNO3 extraction and CaCl2 ex-
traction. The metal speciation for the soil water 
also showed that the mobile phase was dominat-
ing for all the metals. The only greater difference 
was for copper. Which amount of free ions were 
88 %. The rest of the amount was bound to Cl-, 
OH- and SO4

-2. 

 

SP43/06K 

Water samples 

Due to failure of the equipment in field, the pH 
and redox potential values for SP43/06K were 
only measured for samples that were collected at 
one occasion (appendix II).However; the electri-
cal conductivity results were rather low and 
showed a correlation with Cl- and SO4

-2. No evi-
dence of high trace metal concentration could be 
confirmed in the groundwater since the concen-
trations of all metals fell below the established 
recommendations of WHO (Table 7). The most 
available free ion at this spring was Zn, followed 
by Cd, Pb and finally Cu About 5 % of the frac-
tions of Pb were in the form of organic com-
plexes, almost 9 % of Cu and only about 0.5 % of 
Cd and Zn. 

Soil Sample Results 

Results from the pH measurements did not show 
more acidic conditions in the soils around this 
spring in comparison with the others, as they 
were ranging between 3.68 and 4.23 (Table 3). 
The geochemically active concentrations of all 
four metals were very low in relation to guideline 
values for sensitive land use set by the Swedish 
EPA. Extraction with CaCl2, which corresponds 
to the concentrations in the soil water, yielded Zn 
and Cd concentrations (appendix II) that were 
higher than WHO benchmarks (Table 7). The 
high level of Zn and Cd occurred in the same 
sample sites, which is in accordance with the be-
havior of these metals. The Pb content was high 
at one sample point, while Cu concentrations 
were not close to any remarkable values. Re-
garding the total concentrations of the studied 
metals (appendix II), none of them were present 
in significant amounts. From the metal speciation 
it was clear that metal mobility was extensive 
compared with the other sample sites, the water 

Table 6 Mean of the water quality parameters from all studied springs.   

Study Site 
Temp 

(C) 

EC 

(S) 
pH 

Eh 
(mV) 

DOC 
(mg/l) 

Cd (g/l) 
Zn 

(μg/l) 
Pb 

(μg/l) 

Cu 

(μg/l) 

Cl
- 

(mg/l) 

SO4
-2  

 
(mg/l) 

Al 

(μg/l) 

Fe 

( μg/l) 

Katoogo 25.2 693 4.50 188 0.57 1.32 36 1.47 0.84 52.58 2.38 46.58 9.98 

SP4306K 24.9 314 4.43 170 0.65 <DL 19 1.00 0.55 10.27 1.86 31.44 14.58 

Bukuku 26.5 819 4.46 - 0.88 <DL 27 1.99 0.75 54.55 7.40 22.27 11.95 

SP1414R 23.4 224 4.23 163 0.66 <DL 18 0.91 0.46 9.69 1.83 16.55 13.48 

Katalina 24.9 156 5.14 - 0.64 <DL 49 0.87 <DL 4.56 1.19 9.36 14.21 
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samples from SP43/06K showed that Zn had the 
lowest tendency of forming organic complexes. 
The fraction organic complexes formed with Cd 
and Zn were smaller 0.1 % .For Cu and Pb the 
fraction was about 1 %. 

Bukuku 

Water samples 

The electric conductivity at Bukuku spring meas-
ured the highest values of all the springs and the 
amount of soluble salts correspond with the con-
centration of Cl- and SO4

-2 (Table 6 and appen-
dix II). However there was no indication of high 
metal concentration at this site. The metal speci-
ation for Bukuku groundwater pointed out that 
Cd had the smallest fraction of free ions of all the 
selected metals. Also when compared to samples 
from the other springs .The fraction of organic 
complexes was ranging from 0.5 % (Zn) up to 
almost 14 % for Cu. The fraction “other” in-
cluding Cl-, OH- and SO4

-2 was as high as 11 % 
for Cd. 

Soil sample results 

The amount of soil samples from the Bukuku 
area were three. The pH value was around the 
same as for the other soil samples (Table 4) and 
the moisture content varied from about 16-29 % 
(appendix III).The results from extraction with 
HNO3 did not show any elevated values (appen-
dix II) that could indicate potential contamination 
in the soil. As well, none of the samples from the 
CaCl2 extraction indicated any high metal con-
centration in the soil water. The total concentra-
tion of Cu and Pb was lower than for the geo-
chemically active fractions in the soil which 
should be considered a possible artifact, as the 
total concentration is expected to be of a higher 
value. Cd and Zn had total concentrations which 
were reasonable comparing with the HNO3 ex-
traction. They did not exceed the guideline val-
ues. All soil water samples from Bukuku showed 
the lowest amount of free ions of all the four 
trace metals. The highest amount of organic 
complexes was formed with Cu, about 22 %. 

 

Table 7 Guidelines for selected metals in 
drinking water. 

Metal Guideline value Source 

Zn 0.5 mg/l 
Swedish EPA 

(2008) 

Cd 3 μg/l WHO (2003) 

Cu 2 mg/l WHO (2004) 

Pb 10 μg/l WHO (2011) 

SP14/14R 

Water samples 

The metal analysis results indicated that the metal 
concentration was within an acceptable range 
(Table 6) with respect to the guideline value. The 
electrical conductivity was lower compared to the 
other springs which correlate with the amount of 
soluble salts (Cl and SO4

2-). Except for Cu, the 
trace metals in the groundwater from SP14/14R 
had the greatest amount of free ions (appen-
dix II). The range of organic complexes was from 
about 0.4 % (Zn) to 9.6 % for Cu. 

Soil Sample Results 

The moisture content for the samples ranged 
from approximately 8-15 % (appendix III) while 
the pH values were about 4 (Table 4). The 
geochemically active fractions of the metals were 
less than the guidelines for East African soils 
(Table 8 and appendix II). As for the leachable 
fractions, they did not signify elevated metal con-
centrations. The total concentrations were as ex-
pected, higher than the results for HNO3 and 
CaCl2. The metal speciation confirmed that the 
trace metals almost did not form any organic 
complexes compared to the groundwater.  

Katalina 

Water samples 

The temperature at the two different sample oc-
casions varied with about three degrees; the pH 
value and redox potential value were only ob-
tained at the first measuring due to electronically 
equipment failure (Table 6 and appendix II). The 
analyses did not show any high metal concentra-
tions and neither of the soluble salts. Pb and Cu 
had the lowest amount of free ions in the 
groundwater. The tendency to form organic 
complexes was the highest for Cu, with a fraction 
of 45 %. 

Soil sample results 

Seven soil samples were collected at Katalina 
spring.  They were all sampled from different 
sites except from three samples which were taken 
from three different depths. The soil pH value 
was around 4 (Table 5). The moisture content 
ranged from 8-25 % (appendix III). From the 
HNO3 extraction the geochemically active frac-
tion only showed low metal concentration (ap-
pendix II). Unlike the previous results, extraction 
with CaCl2 indicated high concentrations for Cd, 
Pb and Cu and was exceeding the limit values ac-
cording to the WHO (Table 7). Site 3, 3.1, 3.2 
and 5 had elevated concentration of Cd, whereof 
site 3.1 and 3.2 also had an elevated 
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concentration of Pb. The extraction with Aqua 
Regia did not show any metal concentrations of 
significance. The metal speciation showed that all 
metals except from Cu were mostly in the free 
ion phase. It also showed the least tendency of 
the metals to bond to other ions such as Cl-, 
SO4 2-, OH-. 

Site-specific guidelines for the study sites 

The site-specific guideline values for the trace 
metals (appendix II) were significantly lower than 
the guideline values recommended by the Bureau 
for Industrial Cooperation (Table 8). 

DISCUSSION  

Groundwater pH 

The obtained pH measurements of water dis-
charge from the studied springs showed slightly 
acidic conditions with pH values ranging between 
4 and 5. According to WHO (2003) drinking wa-
ter should have a pH level of at least. 6.5. This 
means that the pH in these waters is below the 
international standards. 

Trace metal mobility 

pH implications 

Another aspect is that a low pH value, besides 
being a water quality parameter, is also an im-
portant factor that contributes to increasing metal 
mobility in the environment. As mentioned in the 
background, Pb, Cu, Zn and Cd all have a ten-
dency of being strongly affected by pH values. 
Low-pH conditions, which are the case for the 
study sites, result in a lower degree of adsorption 
and hence a higher mobility (appendix II). For 
three of the springs, namely SP43/06K, Katalina 
and SP14/14R, leachable Pb existed in elevated 
concentrations as compared to WHO guidelines 
for Pb in drinking water (>10 μg/l ). In the case 
of leachable Cd concentrations, it was found that 
the springs with high leachable Pb also had ele-
vated concentrations of Cd. Notably high Zn 
concentrations were obtained from SP43/06K, 
which appeared to be the spring that is mostly at 
risk of trace metal contamination. 

Presence of Fe- and Al-oxide surfaces 

The natural and common presence of iron- and 
aluminum oxides in the soils of the study area is a 
possible explanation to the low trace metal con-
centrations in the groundwater despite the acidic 
conditions. Iron- and aluminum oxides contain 
adsorption sites, which are easily accessed by the 
metal ions in solution, and lead to a lower frac-
tion of soluble metals. 

Table 8 Guidelines for selected metals in 
East African soils (Bureau for Industrial 
Cooperation, 2011). 
Metal Guideline value Metal Guideline value 

Zn 150 mg/kg Zn 150 mg/kg 

Cd 1 mg/kg Cd 1 mg/kg 

Cu 200 mg/kg Cu 200 mg/kg 

Pb 200 mg/kg Pb 200 mg/kg 

 

Normally under conditions with a pH value over 
6 then Cd and Zn are adsorbed onto Fe-oxides. 
Since the studied soils are acidic with a pH value 
lower than 6 this could be an explanation to the 
elevated concentrations of Cd in soil water. 
However, Pb adsorbs onto these Al- and Fe-
oxides although the pH value is low. The 
ICP/MS analysis results did not only present the 
concentrations of Pb, Cu, Zn and Cd but also 
various other compounds such as Al, Fe, Mn and 
Ca. It was assumed that most of the Fe concen-
trations are bound hydroxides and the iron con-
centrations from the samples were plotted against 
Pb concentrations in the soil water (CaCl2 extrac-
tion) in order to evaluate if there might be a cor-
relation between these. For two of the studied 
springs, SP43/06K and SP14/14R (appendix II), 
it was observed that the amount of Pb was de-
creasing with an increasing total Fe concentration 
in the soil. The relationship was not linear when 
plotted but there was a slight correlation. This is 
in accordance with the behavior of Pb presented 
in the theoretical background of this paper. 

Influence of the Dissolved Organic Carbon 

As mentioned earlier in this report acidic soils 
such as the soil in Uganda do not contain a sig-
nificant amount of DOC. This leads to a low 
CEC since there is an absence of negative mineral 
surfaces that attract cations. The results from the 
water samples confirm the previous statement 
about low DOC in Oxisols and Ultisols, which 
imply that the dissolved organic carbon in the 
present water may not be a significant complexa-
tion ligand for the trace metals. 

Formation of Chemical Precipitates 

The occurrence of different precipitates formed 
in these soils is not one of the governing reten-
tion mechanisms in the soil due to the low pH 
value. Precipitates such as carbonates are mainly 
formed at a pH value over 7. Results from Visual 
MINTEQ do not show any precipitates which 
with a low pH value confirms what is previously 
mentioned in the study. Sulphide precipitates de-
pend on a reduced environment and is most 
likely to form with Cu. However the redox 
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conditions have not been thoroughly investigated 
in these soils. 

Salinity and Electrical Conductivity 

An estimate of salinity was provided by measur-
ing the electrical conductivity, which is yet an-
other factor that has an impact on the mobility of 
these metals (Acosta et al, 2011), although it has 
not been largely elaborated in this work. In the 
case of Zn, Cd and Pb, these cations are com-
peting for adsorption sites together with Ca2+ 
ions. 

Elevated trace metal concentrations in   
relation to surrounding activities 

In general, the areas around the springs were 
characterized by a large number of daily activities 
that might be of environmental and human health 
concerns. Some examples are dumping of un-
sorted solid waste in and around the protection 
areas, vehicle repair shops, wood and paint in-
dustries and disposal of different types of 
wastewater (greywater, stormwater, household 
sewage). All protection areas were poorly main-
tained and in some cases non-existent. The high-
est concentrations of leachable trace metals were 
identified at SP43/06K as expected based on the 
criteria of the site selection (density and type of 
activities). The expectations concerning low trace 
metal concentration at spring Katalina were not 
confirmed by the results.  

Hydrogeological conditions and con-
taminant transport 

Regarding the hydrogeological settings of the 
study area, most of the tops soils consist of het-
erogeneous filling material that overlay natural 
sand and clayish soil. In addition, the filling mate-
rial includes macro pores which may facilitate a 
rapid downward transport of solutes in these ar-
eas. Due to the placement of the study area in 
relation to the topography of Kampala, that in-
cludes a large number of hills leads to extensive 
runoff during the rainy season and reaches 
Bwaise III, similar to other low-lying peri-urban 
areas. These floods are a common problem dur-
ing the rainy season, and might be of great con-
cern combined with the shallow groundwater ta-
ble and macro pores.  Based on the results for 
Katoogo spreading of contaminants are probably 
more dependent on the hydrogeological settings 
and seasonal flow changes, since the trace metal 
concentrations were low in water and soil despite 
a low pH value in the soil and high EC in the 
groundwater. 

Speciation of metals 

The mobile state of the trace metals was noted to 
be the most common state in groundwater as well 
as in the soil water. This can be described with 
the fact that the amount of organic matter in the 
soil is very low and combined with a low pH 
value results in poor adsorption capacity in the 
specific soil. According to the Visual MINTEQ 
results, the dissolved inorganic fraction of the 
trace metals are dominant in the groundwater and 
range between 55 % (Cu2+ at Katalina spring) and 
99.2 % (Zn2+ at Katoogo spring). Copper has the 
lowest fraction of dissolved inorganic ions in the 
groundwater of all the springs. As for the 
soilwater, the simulation results show that the 
dissolved inorganic fractions are dominant, with a 
range between 77.43 % (Cu2+ at Bukuku spring) 
and 99.7 % (Cu2+ at Katalina spring). Cd and Cu 
confirmed a slightly higher tendency of appearing 
in another state than the mobile state compared 
to Pb and Zn. Nevertheless, if the metals were 
not in the state as free ions nor as organic com-
plexes, a certain fraction of ions were bond with 
Cl-, OH- and SO4

2-. This fraction is named as 
“Others” in the result charts. Cd had the highest 
part of the latter mentioned fraction bond with 
Cl-. Pb was second to bond with Cl-, Zn as third 
and last Cu. The previously stated order of ten-
dency to bond with another anion was the same 
for OH- and SO4

2-. 

Risk assessment 

A more accurate risk assessment of soil and 
groundwater contamination of the study area 
could be completed when site-specific guideline 
values were established. These results showed 
values which were very low in comparison to 
general East African guidelines for metal in soil. 
This clarifies that in order to make a reliable risk 
assessment it is evident to consider the sur-
rounding environment at different study areas. 

Sources of errors 

Field measurements 

Potential sources of error while collecting and 
analyzing samples are several. Incautious handling 
of soils while taking samples, for instance using 
already contaminated equipment, may eventually 
lead to inaccurate results. 

Laboratory work 

Another issue may have been inconsistency dur-
ing the labeling process in field and lab. Legible 
marking of the samples can easily help to avoid 
uncertainty regarding sample identity. 
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Limitations of the study 

Due to strict time limits in the field area and due 
to limitations in funding, it was not possible to 
collect samples from the wet season as the cli-
mate settings deviated from the normal. Also a 
more detailed investigation of pollution sources 
within the catchment area could have been per-
formed. 

The safety of field staff was a major concern in 
this project; a number of protected springs that 
indicated probable contamination risk were ex-
cluded as the field work was not possible in the 
absence of professional personnel. 

Leaching tests alone cannot provide comprehen-
sive information on the risk of contamination 
spreading and needs to be combined with 
knowledge concerning the hydrological condi-
tions in the specific area. Another issue is land-
use and how altering activities will affect the situ-
ation. The nature of trace metal movement is 
complex and takes place during a long period of 
time and it is hence difficult to make an ideal 
contaminant assessment. 

 One of the major aspects to consider regarding 
fieldwork is to establish sampling strategy con-

taining criteria for location, appropriate filing and 
processing of information received, and limita-
tions concerning equipment and number of 
samples. 

CONCLUSION  

All the water samples indicated low metal con-
centrations as compared to WHO recommenda-
tions for drinking water quality with respect to 
human health. Based on the results of trace metal 
analysis on soil samples collected, the soil around 
the studied protected springs does not seem to be 
contaminated compared to general guidelines for 
East African soil. Nevertheless, according to the 
site-specific guidelines one can immediately note 
that the soil from Bukuku- and Katalina spring is 
at risk of Zn and Cd contamination. Despite the 
low trace metal concentrations in the spring wa-
ter, it cannot be assumed that the groundwater is 
not subject to contamination risk since the po-
tential leachable concentrations in the soil water 
were high in a significant number of samples and 
might reach the groundwater in a long-term per-
spective.
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Fig. I-1 Domestic waste dumped in a wetland area of Kawaala (Photo: Kizito, 2012).  
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Fig. II-1 Speciation of metals in the groundwater from spring Katoogo 

Fig. II-2 Speciation of metals in the soilwater (CaCl2 extraction) from spring Katoogo 
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Fig. II-3 Speciation of metals in the groundwater from spring SP43/06K 

Fig. II-4 Speciation of metals in the soilwater (CaCl
2 
extraction) from spring SP43/06K 
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Fig. II-5 Speciation of metals in the groundwater from spring Bukuku 

Fig. II-6 Speciation of metals in the soilwater (CaCl
2 
extraction) from spring Bukuku 
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Fig. II-7 Speciation of metals in the groundwater from spring SP14/14R 

Fig. II-8 Speciation of metals in the soilwater (CaCl
2 
extraction) from spring SP14/14R 



Evaluation of the levels of selected trace metal pollutants in groundwater and soil from protected springs

 

vii 

 
 

 
 

 

 

 

Fig. II-9 Speciation of metals in the groundwater from spring Katalina  

Fig. II-I0 Speciation of metals in the soilwater (CaCl
2 
extraction) from spring Katalina  
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Fig. II-12 CaCl
2
-extractable concentration of 

Zn as a function of the soil pH for Bukuku 

Fig. II-11 CaCl
2
-extractable concentration of 

Cd as a function of the soil pH for 
SP43/06K 

Fig. II-13 CaCl
2
-extractable concentration of 

Pb in soil vs. total concentration of Fe in the 
groundwater for SP43/06K 

 

Fig. II-14 CaCl
2
-extractable concentration of 

Pb in soil vs. total concentration of Fe in the 
groundwater for SP14/14R 
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Table II-1 Water sample results from Katoogo   

Sam-
ple ID 

Sam-
ple 

date 

T 

(C) 

EC 

(S) 
pH 

Eh 
(mV

) 

DOC 
(mg/l) 

Cd 

(g/l) 

Zn 
(mg/l

) 

Pb 
(μg/l) 

Cu 

(μg/l) 

Cl
- 

(mg/l
) 

SO4
-2  

 
(mg/l) 

Al 

(μg/l) 

Fe 

(μg/l) 

KOW
1 

9/2 27.2 728 
4.4
8 

188 0.47 <DL 0.03 1.51 0.57 28.10 1.39 53.34 7.49 

KOW
2 

9/2 27.2 728 
4.4
8 

188 0.59 <DL 0.04 1.45 1.10 72.20 2.45 46.98 
13.9

2 

KOW
3 

16/2 23.1 657 - - 0.65 <DL 0.04 1.45 0.84 38.80 2.35 39.42 8.53 

KOW
4 

16/2 23.1 657 - - 0.59 1.32 - - - 71.20 3.31 15.53 - 

Table II-2 Soil sample extraction results for Katoogo 

HNO3 extraction 

Sample ID 

(depth) 

Cd 

(mg/kg) 

Zn 

(mg/kg) 

Pb 

(mg/kg) 

Cu 

(mg/kg) 

KOS1 (0-0.04) <DL 3.32 0.59 0.19 

KOS2 (0.83–0.93) <DL 2.12 0.52 0.20 

KOS3 (0.59–0.69) <DL 3.05 0.78 0.30 

KOS3.1 (1.53–1.63) <DL 1.15 0.37 0.05 

CaCl2 extraction 

Sample ID 

(depth) 

Cd 

(μg/l) 

Zn 

(μg/l) 

Pb 

(μg/l) 

Cu 

(μg/l) 

KOS1 (0-0.04) <DL 137 <DL 3.59 

KOS2 (0.83–0.93) 2.71 221 2.08 <DL 

KOS3 (0.59–0.69) 0.71 190 0.43 <DL 

KOS3.1 (1.53–1.63) 1.32 215 6.92 4.01 

AquaRegia extraction 

Sample ID 

(depth) 

Cd 

(mg/kg) 

Zn 

(mg/kg) 

Pb 

(mg/kg) 

Cu 

(mg/kg) 

KOS1 (0-0.04) 0.16 98.7 6.55 5.47 

KOS2 (0.83–0.93) 0.14 98.3 6.37 5.54 

KOS3 (0.59–0.69) 0.08 65.2 7.80 6.58 

KOS3.1 (1.53–1.63) 0.07 76.1 3.88 2.28 
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Table II-3 Water sample results from SP43/06K 

Sam-
ple ID 

Sam-
ple 

date 

T 

(C) 

EC 

(S) 
pH 

Eh 
(mV) 

DOC 
(mg/l

) 

Cd 
(μg/l) 

Zn 
(mg/l

) 

Pb 
(μg/l) 

Cu 
(μg/l) 

Cl
-

(mg/l
) 

SO4
-2  

 
(mg/l

) 

Al 
(μg/l) 

Fe 
(μg/l) 

SKW1 10/2 27.0 337 4.43 170 0.48 <DL 0.03 1.07 
0.55

0 
14.5

0 
1.99 

18.7
4 

12.22 

SKW2 10/2 27.0 337 4.43 170 0.45 <DL 0.01 1.22 <DL 3.62 1.01 
13.3

1 
12.75 

SKW3 17/2 22.8 290 - - 1.07 <DL 0.02 1.03 <DL 
17.2

0 
2.98 

74.4
1 

16.35 

SKW4 17/2 22.8 290 - - 0.58 <DL 0.02 0.68 <DL 5.75 1.44 
19.3

1 
16.98 

Table II-4 Soil sample extraction results for SP43/06K 

HNO3 extraction 

Sample ID 

(depth) 

Cd 

(mg/kg) 

Zn 

(mg/kg) 

Pb 

(mg/kg) 

Cu 

(mg/kg) 

SKS1 0.10 10.29 9.26 6.44 

SKS2 0.04 8.98 13.07 7.01 

SKS3 0.09 27.23 14.77 5.62 

SKS4 (1.13–1.23) 0.03 6.12 2.82 8.13 

SKS4.1 (1.59–1.69) <DL 0.65 0.38 10.10 

SKS 5 (0.81–0.91) 0.06 8.22 10.47 6.61 

CaCl2 extraction 

Sample ID 

(depth) 

Cd 

(μg/l) 

Zn 

(μg/l) 

Pb 

(μg/l) 

Cu 

(μg/l) 

SKS1 11.53 768 12.93 2.75 

SKS2 20.65 735 9.01 1.75 

SKS3 8.07 1152 2.16 2.51 

SKS4 (1.13–1.23) 2.23 99 3.19 1.75 

SKS4.1 (1.59–1.69) 2.13 441 29.56 20.90 

SKS 5 (0.81–0.91) 9.18 706 4.90 2.08 

Aqua Regia extraction 

Sample ID (depth) 
Cd 

(mg/kg) 

Zn 

(mg/kg) 

Pb 

(mg/kg) 

Cu 

(mg/kg) 

SKS1 0.21 117.6 9.67 10.68 

SKS2 0.15 69.9 6.09 7.22 

SKS3 0.16 53.5 6.55 14.68 

SKS4 (1.13–1.23) 0.09 75.9 4.60 6.89 

SKS4.1 (1.59–1.69) 0.21 77.9 5.91 4.09 

SKS 5 (0.81–0.91) 0.09 55.4 3.99 7.55 
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Table II-5 Water sample results from Bukuku 

Sam-
ple ID 

Sam-
ple 

date 

T 

(C) 

EC

(S
) 

pH 
Eh 

(mV) 
DOC 
(mg/l) 

Cd 
(μg/l

) 

Zn 
(mg/l) 

Pb 
(μg/l

) 

Cu 
(μg/l) 

Cl
-

(mg/l) 
SO4

-2  
 

(mg/l) 

Al 
(μg/l

) 

Fe 
(μg/l) 

BW1 9/2 28.8 
82
1 

4.4
6 

- 0.55 <DL 0.03 1.84 0.46 40.90 5.15 
19.3

3 
11.2

5 

BW2 9/2 28.8 
82
1 

4.4
6 

- 0.86 <DL 0.03 1.77 1.02 73.50 10.20 
27.0

3 
10.8

2 

BW3 16/2 24.2 
81
7 

- - 1.36 <DL 0.02 1.84 0.77 45.4 5.96 
39.0

5 
17.1

8 

BW4 16/2 24.2 
81
7 

- - 0.75 <DL 0.02 2.52 <DL 58.3 8.30 3.67 8.53 

Table II-6 Soil sample extraction results for Bukuku 

HNO3 extraction 

Sample ID 

(depth) 

Cd 

(mg/kg) 

Zn 

(mg/kg) 

Pb 

(mg/kg) 

Cu 

(mg/kg) 

BS1 (0.31–0.41) <DL <DL <DL <DL 

BS2 (0.79–0.82) 0.22 16.31 10.49 8.37 

BS2.1(1.04–1.14) <DL 0.03 0.02 7.36 

CaCl2 extraction 

Sample ID 

(depth) 

Cd 

(μg/l) 

Zn 

(μg/l) 

Pb 

(μg/l) 

Cu 

(μg/l) 

BS1 (0.31-0.41) 1.15 76.8 2.52 <DL 

BS2 (0.79-0.82) <DL 16.2 <DL <DL 

BS2.1(1.04–1.14) 0.68 27.9 <DL 0.62 

Aqua Regia extraction 

Sample ID 

(depth) 

Cd 

(mg/kg) 

Zn 

( mg/kg) 

Pb 

(mg/kg) 

Cu 

(mg/kg) 

BS2 (0.79–0.82) 0.25 130.1 10.35 7.81 

BS2.1 (1.04–1.14) 0.18 93.8 8.04 6.10 

Table II-7 Water sample results from SP14/14R   

Sam-
ple ID 

Sam-
ple 

date 

T 

(C) 

EC 

(S) 
pH 

Eh 
(mV

) 

DOC 
(mg/l) 

Cd 
(μg/l

) 

Zn  
(mg/l) 

Pb 
(μg/l) 

Cu 
(μg/l

) 

Cl
-

(mg/l) 
SO4

-2  
 

(mg/l) 

Al 
(μg/l

) 

Fe 
(μg/l) 

SRW
1 

10/2 23.9 247 
4.2
3 

163 0.68 <DL 0.01 0.80 <DL 5.13 1.43 8.87 9.49 

SRW
2 

10/2 23.9 247 
4.2
3 

163 0.43 <DL 0.03 1.11 0.46 15.5 2.90 
19.4

1 
17.8

4 

SRW
3 

17/2 22.8 201 - - 1.01 <DL 0.01 1.13 <DL 14.5 1.99 9.13 
10.1

1 

SRW
4 

17/2 22.8 201 - - 0.51 <DL 0.02 0.60 <DL 3.62 1.01 
28.8

0 
16.4

7 
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Table II-8 Soil sample extraction results for SP14/14R 

HNO3 extraction 

Sample ID 

 (depth) 

Cd  

(mg/kg) 

Zn  

(mg/kg) 

Pb 

 (mg/kg) 

Cu  

(mg/kg) 

SRS1 (0.81-0.91) <DL 0.02 <DL 4.09 

SRS2 (0.91-1.01) <DL 0.06 0.02 6.06 

SRS3 (0.56-0.66) 0.03 10.96 11.07 3.03 

CaCl2 extraction  

Sample ID 

 (depth) 

Cd 

 (μg/l) 

Zn  

(μg/l) 

Pb 

 (μg/l) 

Cu 

 (μg/l) 

SRS1 (0.81-0.91) 3.00 213.90 49.57 45.29 

SRS2 (0.91-1.01) 3.07 189.10 7.37 2.44 

SRS3 (0.56-0.66) 0.87 41.30 0.99 <DL 

Aqua Regia extraction 

Sample ID 

 (depth) 

Cd 

 (mg/kg) 

Zn 

 (mg/kg) 

Pb 

 (mg/kg) 

Cu  

(mg/kg) 

SRS1 (0.81-0.91) 0.09 62.23 6.17 4.74 

 
 
Table II- 9 Water sample results from Katalina 

Sam-
ple ID 

Sam-
ple 

date 

T 

(C) 

EC 

(S
) 

pH 
Eh 

(mV
) 

DOC
(mg/l

) 

Cd 
(μg/l

) 

Zn 
(mg/l

) 

Pb 
(μg/l

) 

Cu 
(μg/l

) 

Cl
-

(mg/l
) 

SO4
-2  

 
(mg/l

) 

Al 
(μg/l) 

Fe 
(μg/l) 

KAW1 9/2 26.6 155 
5.1
4 

38 0. 56 <DL 0. 01 1.18 <DL 3.42 1.03 
10.9

4 
15.8

7 

KAW2 9/2 26.6 155 
5.1
4 

38 0. 60 <DL 0.01 <DL <DL 6.18 1.43 5.63 9.97 

KAW3 16/2 23.2 158 - - 1.05 <DL 0.01 0.81 <DL 2.67 0.87 
11.1

7 
17.3

0 

KAW4 16/2 23.2 158 - - 0.33 <DL 0.01 0.62 <DL 5.96 1.41 9.71 
13.6

9 
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Table II-10 Soil sample extraction results for Katalina 

HNO3 extraction 

Sample ID 

(depth) 

Cd 

(mg/kg) 

Zn 

(mg/kg) 

Pb 

(mg/kg) 

Cu 

(mg/kg) 

KAS1 (1.50–1.60) <DL 0.03 0.02 3.72 

KAS2 (0.65–0.75) 0.068 7.10 14.95 15.66 

KAS3 (0.38–0.48) <DL <DL 0.01 5.15 

KAS3.1 (0.60–0.65) <DL 1.41 0.99 0.43 

KAS3.2 (1.10-1-15) 0.019 43.82 0.24 0.28 

KAS4 (0.22–0.32) 0.147 9.35 5.31 9.79 

KAS5 (0.31–0.33) <DL 0.07 <DL <DL 

CaCl2 extraction 

Sample ID 

(depth) 

Cd 

(μg/l) 

Zn 

(μg/l) 

Pb 

(μg/l) 

Cu 

(μg/l) 

KAS1 (1.50–1.60) 1.70 573.4 0.70 9.12 

KAS2 (0.65–0.75) 1.05 61.4 1.65 1.90 

KAS3 (0.38–0.48) 6.31 60.2 3.64 1.09 

KAS3.1 (0.60–0.65) 13.45 305.7 18.45 0.80 

KAS3.2 (1.10-1-15) 8.58 234.9 20.66 4.00 

KAS4 (0.22–0.32) 2.72 65.5 3.09 <DL 

KAS5 (0.31–0.33) 3.42 203.5 1.10 0.56 

Aqua Regia extraction 

Sample ID 

(depth) 

Cd 

(mg/kg) 

Zn 

(mg/kg) 

Pb 

(mg/kg) 

Cu 

(mg/kg) 

KAS2 (0.65–0.75) 0.109 89.4 6.52 5.83 

KAS3.2 (1.10-1-15) 0.087 67.9 4.08 3.52 

KAS4 (0.22–0.32) 0.263 112.1 7.87 5.89 

Table II-11 Site-specific guideline values for the study sites. 
Metal Site-specific guideline value 

Zn 25 mg/kg 

Cd 0.15 mg/kg 

Cu 80 mg/kg 

Pb 25 mg/kg 
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Fig. III-1 HNO3 extraction procedure of soil samples 
(Photo: Moulodi & Thorsell, 2012). 
 

Fig. III-2 The device HI 991003 from Hanna 
Instruments which was used for measuring of pH, 
temperature, redox potential and EC (Photo: 
Moulodi & Thorsell, 2012). 
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Fig. III-3 Soil sampling procedure, using a manual drill. (Photo: Kizito, 2012). 

Fig. III-4 CaCl2 extractions processing in the lab at Makerere University 
(Photo: Moulodi & Thorsell, 2012). 
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Table III-1 Moisture content for all soil samples (%) 

Katoogo (%) SP43/06K (%) Bukuku (%) SP14/14R (%) Katalina (%) 

KOS1 4.32 SKS1 28.41 BS1 29.17 SRS1 14.77 KAS1 13.64 

KOS2 23.03 SKS2 17.78 BS2 16.28 SRS2 8.07 KAS2 2.62 

KOS3 18.18 SKS3 36.90 BS2.1 13.06 SRS3 12.36 KAS3 8.11 

KOS3.1 24.38 SKS4 7.49     KAS4 21.21 

  SKS4.1 27.39     KAS3.1 25.63 

  SKS 5 21.12     KAS3.2 23.93 

        KAS5 14.22 


