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ABSTRACT 

The heavy metal pollution from a former solid waste disposal site in Dar es Salaam, 

Tanzania, that is currently used for urban farming was investigated. The pollution was 

assessed by measuring the content of copper, lead, zinc and chromium in soil, plants and 

leachate from the site as well as in the adjacent river. The safe daily intake of onsite 

cultivated vegetables, in regard to the heavy metal content, was calculated. The analysis 

showed that there is a health risk connected to consuming vegetables in volumes greater 

than 100 g cowpea leaves, 70 g pumpkin leaves or 1700 g maize grains for someone with 

a body weight of 80 kg due to the concentration of Pb. The heavy metal content in 

leachate exceeded the Swedish limits for leachate discharge to water recipient. The river 

water contained too high levels of Cr to be within the FAO standards set for irrigation 

water. Measures are urgently needed to cover the site with a final layer and collecting the 

leachate for purification. To stop further contamination from the Vingunguti dumpsite 

the bottom and sides of the dump need to be covered to ensure a fully enclosed site. The 

local community also needs to be informed of the risks connected to urban farming in the 

area.  
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1. INTRODUCTION 

Dar es Salaam with a population of 4,4 million in 2012 (NBS, 2013) has become the 

third fastest growing city in Africa and among the tenth fastest growing cities in the 

world (DIDP, 2010). With the high population-growth rate, concerns over food security 

and ways to find an income are high and widespread. Farming within the city boundaries 

have been a common way to deal with these issues (Jacobi, 2000). However as housing is 

prioritized for land use in the city, urban farming exist foremost in lands left open due to 

their marginalized position or hazardous features (Schmidt, 2012).  

 

The current waste management system in Dar es Salaam produce open, hazardous areas 

as dumpsites are abandoned when maximum capacity is reached (Breeze, 2012). With 

time, a layer of soil is created on top of the dumpsite as organic material in the waste 

composition molders. In these areas where solid waste has been dumped without 

coverage, the soil will contain high amounts of pollutants. 

 

Crops absorb micronutrients through their roots. Some of these are heavy metals essential 

for plant growth in small fractions (Arthur et al., 2005). However, plants can absorb 

heavy metals in larger amounts than needed, and the excessive amount will be stored in 

leaves and other editable parts. Thorough food consumption theses metals are then 

transferred to humans and animals. For humans, a high intake of heavy metals can 

damage organs and increase the risk of cancer (Jan et al., 2010). 

 

At the former dumpsite in Vingunguti, Dar es Salaam, the activity of crop production 

have recently started in extensive scale. From the piles of solid waste, vegetables are now 

cultivated and harvested. At Vingunguti the three factors of urban farming, poor waste  

management and plant uptake of heavy metals align and indicate a risk for human health. 

2.  AIMS AND OBJECTIVES 

The aim of the study was to assess the pollution of copper (Cu), lead (Pb), zinc (Zn) and 

chromium (Cr) generated by the former solid waste disposal site in Vingunguti area, Dar 

es Salaam. Possible health risks connected to farming activities within the affected area 

were investigated.  

 

The specific objectives of the thesis were: 

 

- To assess the heavy metal content in soil, vegetables, leachate and river water from 

Vingunguti dumpsite. 

- To compare the heavy metal content in site samples to international standards for 

agricultural soil, edible plants, landfill leachate and irrigation water. 

- To determine the amount of cultivated vegetables that can be consumed without 

reaching toxic levels. 

- To suggest urgent measures needed in order to stop further pollution from the 

Vingunguti dumpsite. 
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3. BACKGROUND 

3.1 Urban agriculture 

High population rate and rapid urbanization has increased the concern over food 

provision in several African countries. Urban agriculture is a direct response to this and 

has been a common way of providing food and income for decades (Jacobi et al., 2000). 

For a long time urban agriculture was discouraged and perceived as inefficient by 

national authorities, but attitudes have shifted during recent years and it has now been 

recognized as serving an important role in the economy. In Tanzania, a large part of the 

population experience food insecurity and in Dar es Salaam urban farming is an essential 

part of the local food system (Schmidt, 2012). 

 

Even though the Dar es Salaam City Council and the municipal councils are responsible 

for preparing by-laws to guide urban agriculture in Dar es Salaam, farming is largely 

unregulated and occurs either without agreement or through informal tenure agreements 

with private actors. It is often practiced in open spaces of marginalized land and 

hazardous areas since suitable areas often are devoted to housing and industries 

(Schmidt, 2012). In Dar es Salaam city, urban agriculture is commonly practiced as open 

space farming under power lines, on private company land, school properties, road 

reserves, and along various river banks (McLees, 2011). 

 

Several concerns are connected to urban farming as it is practiced today. The lack of 

ownership leads to few investments being made in the devoted area and a vulnerable 

food source for the farmers as their right to use the land is uncertain in the long run. 

Another concern is the health risk associated with urban farming. River banks, often used 

for farming, and river water used for irrigation have been reported to be highly polluted 

by toxic chemicals. This is a health concern since crops in its natural processes take up 

contaminants and store it in editable parts (Arthur et al., 2005). 

 

3.2 The governance of waste management in Dar es Salaam 

In Dar es Salaam there are four local governments which are referred to as the local 

authorities (DLAs) together forming the municipal government. These are the Dar es 

Salaam City Council (DCC) and three municipal councils named according to the three 

districts of the city; Ilala (IMC) in the city center, Kinondoni (KMC) in the northern parts 

and Temeke (TMC) in the south (Breeze, 2012). 

 

The responsibility of the city’s waste management is divided amongst the local 

authorities. The DCC has the overall responsibility of coordinating, plan and finance the 

waste handling. It is also responsible for the maintenance of landfills and dumping sites, 

both while running and after closing. The three municipal councils are responsible for 

collection, local waste recovery and recycling (Breeze, 2012). The private sector is since 

1993 also an actor in the collection of waste (Kironde, 1999). 
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No recycling facilities or organized collection of recyclables are provided within the city. 

However, much of the high value recyclables; metal, rigid plastic and quality paper are 

collected at neighborhood level due to waste pickers at the collection sites. This is then 

sold to middlemen or directly to users or exporters. On the dump sites other informal 

recycling take place as scavengers collect valuable material according to Breeze, 2012. 

However, the DLA’s have expressed positive attitude towards formalizing the recycling 

processes taken place at neighborhood levels (Breeze, 2012). 

 

The waste is divided between solid, liquid and industrial waste in the jurisdiction. The 

different types of waste are divided up between different sub-departments from mainly 

the Departments of Health and Solid Waste (Dar es Salaam City Council, 2010). This 

division into sub-departments tends to generate overlaps which can cause confusion and 

hence lessen the effectiveness (Kironde, 1999). This can be seen as from the year 1997 to 

2012 twenty-six proposals of improvements have been forwarded to the DLA’s of which 

only a few has been implemented (Breeze, 2012). 

 

In Dar es Salaam the DLAs has estimated that only 40% of the waste generated reach the 

disposal site. The other 60 % are either recycled locally or dumped in water bodies and 

on road sides (Breeze, 2012). Final disposal activities are currently being conducted at 

Pugu Kinyamwezi, 35km from the city centre. In 2012 the charge of entering one ton 

waste into Pugu was less than a dollar, which should cover the site operation expenses. 

However in practice, this fee is not consistently collected (Breeze, 2012). 

 

3.3 Dumping sites within Dar es Salaam 

During the last 30 years, eleven different sites have been used as dump sites in Dar es 

Salaam, not including the various smaller dumps that are created by residents. One of the 

longest operated site is located in Tabata which when closed in 1992 had been operating 

for approximately 25 years. When Tabata closed, the disposal shifted to the Vingunguti 

dump in 1992. This site covered a rather small area of 6 hectares and was closed in 2001. 

Even after closing, reports have stated that dumping continued to occur at the sites. Since 

2009 the 65 hectares Pugu dump site is in operation. Like Vingunguti dump site, this site 

was supposed to be operated as an engineered landfill but none of the requirements were 

met and the site is today operated as an open dump (Breeze, 2012). 

3.4 Management of Vingunguti dumpsite 

In 1992 when the Tabata dump was closed, the Vingunguti dump site was opened after 

an agreement with the local residents. The site was a natural depression at an area next to 

the Msimbazi River (Mato & Kasseva, 1998). The residents agreed to have the area run 

as an engineered landfill to control soil erosion on the site (Kironde, 1999). 

 

To allow a higher capacity of the dumpsite, adjustments were made to straighten the river 

and to construct a stone wall for strengthening the side towards the water flow. However 

to decrease pressure, holes were made in the wall which allowed leachate from the site to 
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flow into the river (Kassenga & Mbuligwe, 2009). Bulldozers and road graders were 

initially used to manage the site. However, due to fuel shortages and difficulties to 

arrange for spare parts, the site was not maintained properly. No cover material was used 

for the landfill which allowed water from rainfalls to infiltrate and increase the pollution. 

The fee to dump at the site was also found to be poorly collected which contributed to the 

shortage of funds needed to manage the site properly (Kironde, 1999). 

 

The Vingunguti dump site was supposed to only handle solid waste. However, the 

control of waste entering was carried out poorly and hazardous waste from both hospitals 

and industries was disposed on the site. This poses health risk since germs in pathogenic 

waste from hospitals can be transferred by flies, rodents and birds to nearby 

environments. Leachate reaching a river also produces a great risk of spreading diseases 

to humans and animal. Hence the site posed a threat for both health and the 

environmental in the way it was operated (Mato & Kasseva, 1998). 

 

In 1999 Vingunguti dumpsite was the only official dumping site running in Dar es 

Salaam and its size of 6 hectares were as good as full (Kasseva & Mbuligwe, 1999). 

Even though the capacity was run out in 1999, it wasn’t until 2001 when the site finally 

closed. One reason for the delay was the difficulties of finding an alternative area for a 

landfill, which is central yet agreed to by residents (Kironde, 1999). 

 

 
Figure 1 – Map of Dar es Salaam and location of the Vingunguti dumpsite. 
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3.5 The closure of open dumpsites 

An open dump such as Vingunguti, generate various impacts on the environment as well 

as on the public health. Contamination of surface water, groundwater and soil will greatly 

affect the flora and fauna and air pollutions from open burning and leakage of gases pose 

other sources of contamination (Hurup, 2008). 

 

The local context, in terms of site specific characteristics and affordability of the waste 

management options, is highly important when choosing the method of closing. Since a 

key problem of closing open dumps relates to the cost, the most technically advanced 

approaches are not always the most sustainable ones. However, the long-term costs (costs 

related to environmental impacts and impacts on public health and safety) of not closing 

down an open dump may be far greater than the cost needed to close the site (Hurup, 

2008). 

 

When the decision has been taken to close an open dump there are in principle three 

methods available; 

 

1. Closing by removing the waste from the site (evacuation/mining method). 

2. Closing by upgrading the dump to a controlled dumping site or sanitary landfill                                                   

(upgrading      method). 

3.   Closing by covering the waste (in situ method). 

 

The first method includes excavation of the waste to a sanitary landfill or a waste 

incineration plant. The removal can be combined with sorting of the waste for recycling 

purposes (Hurup, 2008). The second option, to upgrade the dump, may only be feasible if 

the dump is located in an area where ground water pollution is not critical (Kurian et al., 

2003). 

 

For the third option, a cover layer is added to limit infiltration of rain water, reduce 

waste-exposure to wind and vectors, prevent people and animals from scavenging, 

control odor, minimize the risk of fires and stop continued disposal at the site (Hurup, 

2008).The cover is made up by a clay rich composition which helps to maximize runoff 

and prevent contamination from below (NDDH, 2009). A final top-layer can be of other 

soils and has the purpose of protecting the clay layer and provide a growing space for 

vegetation (UNEP, 2005). To prevent damage of clay layer, deep rooted plant should not 

be used for vegetation on site (NDDH, 2009). 

 

The leachate which is formed should if technically and economically possible be 

collected and treated. To do this trenches are made for surface leachate while 

underground leachate is collected by walls underground leading to collection pipes. The 

leachate is then usually treated through either a more expensive chemical method, or a 

cheaper biological method where the leachate is passed through a number of stabilization 

ponds or vegetation which can absorb the pollutants (UNEP, 2005). 
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The utilization of a former dump site that has been closed is limited. Ground-settlement 

will occur unevenly due to the nature of the waste, which makes the site unsuitable for 

complex constructions as buildings and roads. It is important that the usage does not 

damage the clay cover which would increase the risk of contamination reaching the 

surrounding area. As well, to use a closed site for agriculture or to feed livestock is not 

appropriate (NDDH, 2009). According to UNEP (United Nations Environment Program) 

the area should be vegetated with short-rooted plants and could preferably be used as a 

recreational area, open meadow or with the purpose of providing a protected habitat for 

wild local species (UNEP, 2005). 

3.6 The Msimbazi River 

The 46 km long Msimbazi River flows from the Kisarwe highlands south west of Dar es 

Salaam and reaches the Indian Ocean in the northern parts of the city. It has wide flood 

plains which in some areas reach up to 1000 m and with a collective area of 41km
2 

covering about 15% of the Dar es Salaam City (Kassenga & Mbuligwe, 2009). 

 

In the city the river fulfills several purposes. Its wide flood plains help decrease pollution 

in the river while its rather deep valley functions as an important drainage during the 

heavy rains. Urban farming is carried out in many places close to the river and its water 

is used for irrigation. It is also used for washing, fishing and bathing (Kassenga & 

Mbuligwe, 2009). 

 

The river is highly affected by pollutants as industries and dumpsites extract their 

effluent into the water along its path. Upstream of the Vingunguti dump site there are 

plumbing and electroplating industries which are especially known to cause Cu pollution. 

Close to the river there are also many garages and car washing sites which contribute to 

higher levels of Pb in the river (Mwegoha & Kihampa, 2010). 

 3.7 Previous findings in the Vingunguti area and recommended limits 

Mwegoha & Kihampa (2010) collected in 2008 a range of soil and water samples along 

Msimbazi River. Their findings from downstream Vingunguti dumpsite for Cu, Pb and 

Cr were 0,013±0.005, 0.100±0.064 and 0.01 mg/l respectively (Mwegoha & Kihampa, 

2010). These concentrations are within the FAO recommended values for long term use 

of water for irrigation presented in Table 1 found below. For shallow soil samples (0-15 

cm) Mwegoha & Kihampa found concentrations of Cu, Pb and Cr to be 10.25±9.00, 

17.97±1.70 and 231.96+-217.62 mg/kg dry weight (dw). All values except concentration 

for Cr falls within the Tanzanian local standard for permissible limit for heavy metal in 

soil also presented in Table 1. 

 

In 2009 Kassenga and Mbuligwe collected several samples from Msimbazi River near 

Vingunguti dumpsite. The samples were collected from both wet and dry season and big 

variations in heavy metal concentration were found depending on season. 
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In 2011 Österling (Österling, 2011) collected samples of soil, sediment, leachate and 

plants from the Vingunguti dump site. According to the report no extensive vegetable 

production were noticed at the sight when the samples were collected. The concentrations 

of heavy metal in soil varied vastly with Cu, Pb and Zn concentrations between 20-250, 

50-340 and 40-1010 mg/kg dw. Some samples but not all exceeded the Tanzanian 

standards for agricultural soil. The concentrations in plants of the same metals ranged 

between 15-20, 20-22 and 100-260 mg/dw. The only information given regarding 

analysis of the leachate collected was a high pH (pH=10). 

 

Table 1 - Recommended heavy metal concentrations in irrigation water and agricultural 

soil.  

Standard Cu Pb Zn Cr 

FAO standard irrigation water [mg/l] 0.2 5 2 0.1 

Tanzanian standard agricultural soil 

[mg/kg dw] 

200 200 150 100 

Source: FAO standard from Ayers et al, 1985. Tanzanian standard from TZS, 2003 

The FAO limit for irrigation water is determined out of concern for long-term build-up of 

trace elements in the soil and for protection from irreversible damage of soil quality. 

Under normal irrigation practices, the suggested levels aims to prevent a build-up that 

would limit future crop production or consumption of the product (Ayers & Westcot, 

1985). The Tanzanian standards have been developed using ISO 11047: 1998 as test 

method (TBS, 2007). 

3.8 Characteristics of heavy metals  

Unlike organic contaminants which undergo microbial or chemical degradation, heavy 

metals have features which make them persist and accumulate in the environment 

(Marques et al., 2009).  Elevated levels of heavy metals in soil increase plant uptake 

(Mkumbo, 2012). When plants are eaten by animals and humans, accumulation of metals 

along the food chain occurs. Humans can therefore build up high levels of heavy metals 

in the body if eating or drinking products with high content of the substances (Martin & 

Griswold, 2009). Since health effects connected to heavy metals usually are shown first 

after a long time of exposure, the metals can biomagnify unnoticed in an ecosystem until 

they reach toxic levels (Marques et al., 2009).  

 

Metals bind to the ground through adsorption mechanisms to different colloid particles in 

the soil. These particles are especially humus, hydrous oxides and alumino-silicate clays. 

The adsorption varies with pH, since a large amount particle surfaces have an electrical 

charge which is changeable. Cations, there among ions from heavy metals, bind more 

strongly at high pH. Cu, Pb and Zn are adsorbed for pH-levels above pH 4,5. The 

precipitation of Cr varies as it can form two redox formations, one being a cation and the 

other an anion (Gustafsson, 2008). 
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Other important soil characteristics that indicate heavy metals movement in the soil and 

water is the electrical conductivity and the organic matter content. Electrical conductivity 

show the possibility of conducting an electric current through a sample. This indicates 

how much ions that are present, and is thereby connected to a sample’s measured 

salinity. In water samples a low value (< 200 mS/m) indicate that the water has a low 

buffering capacity (Ayers & Westcot, 1985). A high organic matter in soils indicate that 

there are a large amount of particle surfaces to which metals can be adsorbed and hence 

be less available for plant uptake (Grubinger & Ross, 2011).  

 

3.9 Health risks due to heavy metal intake 

Heavy metals can enter the body via consumption of contaminated food stuff, water or 

inhalation of dust (Mahmood & Malik, 2014). Prolonged consumption of heavy metals 

increase the risk of damaging the organs such as the kidneys, heart and liver as well as 

the nervous system when accumulating in the body (Schmidt, 2012). Due to high levels, 

depletion of essential nutrients occur which cause malnutrition. This in turn weakens the 

immune system, cause growth retardation and psycho-social behavioral disabilities. A 

diet of heavy metal contaminated food has also been seen to increase the risk of 

gastrointestinal cancer (Akbar Jan et al., 2010). 

4. MATERIAL AND METHOD 

 

The collection of vegetables with corresponding soil samples was carried out at two 

different sites. The main amount of samples was collected from Vingunguti dumpsite 

which is the focus area of the study, and a reference set of samples were collected from a 

small farming area near Ardhi University. The samples collected were green parts of 

maize, cowpea and pumpkin. Maize grains were also collected from some of the 

Vingunguti maize samples. 

4.1 Site description 

Vingunguti dumpsite is located in a sloping piece of land adjacent to the Msimbazi 

River. It is limited by a large scale abattoir on the north east side, which still discharge its 

organic waste onsite. It covers an area of about 6 hectares and is mostly covered by 

uneven large piles of waste which are now cultivated by crops. Close to the river as well 

as on certain paths in between farming sections there are paths for walking. On top of the 

waste piles maize is the dominating visible crop intertwined by pumpkin and cowpea 

plants.  
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Figure 2 – Vingunguti dumpsite. 

 

Beside samples from the Vingunguti area, samples of soil and plants were also collected 

from an area near Ardhi University called Mlalakuwa survey. The site represents a more 

common Dar es Salaam urban farming area compared to the dumpsite. The samples from 

Mlalakuwa survey provide reference values of heavy metal content in vegetables and soil 

of urbanely farmed crops within the city. The farming area is approximately 2 ha and 

contains small organized plots for crop cultivation separated by the Mlalakuwa water 

stream. 

4.2 Sampling 

4.2.1 Plant and soil sampling  

At Vingunguti, samples were collected from different locations within the dumpsite since 

the waste composition allows large local variation of soil properties. At each location one 

plant sample was uprooted, shaken to remove loose dirt and placed in foil paper with a 

mark. For each sample a corresponding soil sample was collected from the top 10 cm soil 

layer and from the loose soil shaken from the roots. This was also collected in foil paper 

and marked. Before putting to dry, the samples were rinsed with tap water. 

 

The first step of the drying process was to air-dry the samples in a spacious room on a 

concrete floor for 2-7 days. For the maize grains, each seed was separated from the cob 

before drying. The samples were then placed in a hot air oven with a temperature of 

105°C to dry for 22-24 hours. When completely dry, the samples were grinded and both 

soil and plants were sieved through a 2 mm plastic sieve before being weighed. 
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Figure 3 – Samples put to dry. 

4.2.2 Leachate and river water samples 

Leachate was collected in plastic bottles from six of the major leachate-streams running 

from the dumpsite into the river. River water was collected from three locations along the 

site; approximately 50 m upstream the site, half way along the site and approximately 50 

m downstream the site. For both leachate and river water, pH was measured on site using 

HANNA instruments pHep®, pocket-sized pH meter and GPS coordinates were noted 

with a Handheld GPS, Garmin eTrex10. In the laboratory salinity, TDS and electrical 

conductivity was measured using HACH Sension 378 instrument. Each sample was 

acidified using 5ml nitric acid per liter and kept in refrigerator until analysis. 

 

  

Figure 4 – Leachate from Vingunguti dumpsite reaching the Msimbazi river water. 

4.3 Analysis 

For soil samples pH, electrical conductivity and organic matter was measured. The heavy 

metal content in plants, roots, soils, leachate and river water were analyzed using atomic 

absorption spectrophotometer, AAS. The AAS was of the brand Perkin Elmer® 
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AAnalyst 100 which used a mix of acyleten and oxygen gas. The analyzed metals were 

Cu, Pb, Zn and Cr. 

4.3.1 Soil analysis of pH, electrical conductivity and organic matter  

After drying in the hot air oven, 5grams of each soil sample was measured using a Boeco 

BBI-31 scale and placed in glass beakers. To measure the pH 12.5 ml distilled water was 

added to the samples which were stirred in periods for one hour. The pH was then 

measured using a HANNA instruments, pHep®, pocket-sized pH meter. 

 

Electrical conductivity was measured using 5 grams dw of each sample placed in glass 

beakers with 25ml of distilled water. The samples were stirred in periods during one hour 

and the measurements were carried out using a HACH sension378. 

 

The organic matter content was measured by calculating the weight difference of each 

dry soil sample before and after being burned for two hours at 600 °C. The furnace used 

was of the brand Vecstar Furnaces. 

 

4.3.2 Extraction and heavy metal analysis of plant and soil 

For extraction, 1 gram of each dried and grinded sample was measured using the Boeco 

scale and placed in a glass beaker. A volume of 5 ml aqua regia was added (1:3 HNO3: 

HCl) and the samples was placed in a hot air oven for 30-60 minutes until completely 

digested. The oven did not have a thermometer and the temperature was adjusted by 

switching on and off the oven trying to keep the temperature at approximately 90-110 °C. 

To make sure the samples did not get burned they were frequently checked and when 

completely digested the samples were left to cool. 15 ml of distilled water was added to 

each beaker and the samples were left to rest for about an hour. Thereafter each sample 

was filtered into a plastic beaker and the glass beaker was rinsed with 5 ml distilled water 

which was also added to the filtration. The samples were placed in refrigerator until AAS 

analysis was carried out.  

 

  

Figure 5 – Samples put to digest in hot air oven. 
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4.3.3 Heavy metal analysis of leachate and river water 

The refrigerated samples containing nitric acid were filtered and about 50 ml was placed 

in plastic containers. These were used for the AAS analysis. 

4.4 Data Analysis  

4.4.1 Risk analysis for daily intake of heavy metals 

The amount of vegetables that can safely be consumed on a daily basis is calculated from 

combining equations for Daily intake of Metals (DIM) and Human Health risk Index 

(HRI) (Mahmood & Malik, 2014). 

The Daily intake of Metals is according to Mahmood 2014 calculated from the daily 

amount of food consumed (Dfood intake), the concentration of metals in the food (Cmetal) and 

the average body weight of the consumers (Baverage weight) according to the equation below. 

The Cfactor (0.085) is used to convert fresh green vegetable weight to dry weight (Rattan et 

al., 2005). 

 

    
                          

               
  

 

The Human Health risk index is the quota of DIM and an oral reference dose Rfd 

according to following equation: 

             
   

   
                        

The Rfd is the highest amount of a metal, in milligrams per day, that the body can be 

exposed to without yielding a hazardous outcome during a lifetime. HRI<1 means that 

the exposed consumers are assumed to be safe. 

 

When combining Equation 1 and 2 as well as using HRI=1, the upper limit for the 

amount of food that can safely be consumed on a daily basis is expressed as: 

    

            
                   

              
 

 

The Rfd value for Cr and Zn are estimated by US-EPA IRIS to be 1.5 (1998) and 0.3 

mg/kg/day (2005) respectively. Rfd value for Cu and Pb is according to Jan et al 0.04 and 

0.004 mg/kg/day respectively (Akbar Jan et al., 2010). 

 

4.5 Literature studies 

The sources studied for this report are predominately research papers or papers released 

by renowned organizations and governments. For ‘up to date’- information consideration 

has been taken to find as recently published reports as possible. Overall, papers published 

before 2000 has been avoided as far as possible. 

     (Equation 1) 

     (Equation 2) 

     (Equation 3)  
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5. RESULTS 

The analyzed result from plants, soil, leachate and river water are presented in diagrams 

below. The plant samples collected from Vingunguti dumpsite are coded with V, while 

samples from Mlalakuwa survey are labeled Ref. A capital letter M, C or P indicates if 

the plant is maize, cowpea or pumpkin respectively. The soil samples are labeled 

equivalent to the corresponding plant. Leachate samples from Vingunguti are coded with 

L1-L6 and river water RW.1-RW.3.   

5.1 Plants and crops 

5.1.2 pH and salinity in soil  

Figure 1 shows pH in soil from Vingunguti dumpsite and a mean pH value from 

Mlalakuwa survey soil samples. In Vingunguti the pH varies between 6.0 and 7.7, where 

soil corresponding to pumpkin shows the highest mean value (7.0), compared to soil 

from maize (6.7) and cowpea (6.5). PH in soil from Mlalakuwa survey is more evenly 

distributed with a mean value of 7.0 for the total set of samples. 

Figure 6 – The pH of soil from Vingunguti dumpsite (V). 

 
Figure 7 – Electrical conductivity in soil.  
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The measured electrical conductivity in soil samples from Vingunguti is both higher and 

more unevenly distributed than electrical conductivity measurements from Mlalakuwa 

survey. In Vingunguti the electrical conductivity range between 482 and 2040 µS/cm 

while samples from  Mlalakuwa survey range between 421 and 574 µS/cm and has 497.7 

µS/cm as mean value. 

5.1.1 Heavy metal concentration in plants and soil 

The concentration of Cu, Pb, Zn and Cr for each plant and corresponding soil sample is 

presented in Figure 8-10 below. In Figure 8, the content of heavy metals in the maize 

grain is shown for those samples where grains were available. For detailed information 

see Appendix 1. 

 

 

Figure 8 - Heavy metal concentration in maize and soil from the Vingunguti dumpsite. 
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Figure 9 - Heavy metal concentration in cowpea and soil from the Vingunguti dump site. 

 

 

Figure 10 - Heavy metal concentration in pumpkin and soil from the Vingunguti dump 

site. 

 

In figures 8-10 it can be seen that the soil contains higher concentrations of most metals 

compared to plants and maize grains. Zn is the most abundant metal found in the soil at 

the Vingunguti dumpsite. Cu exist in varying concentration in the soil but merely small 

concentrations can be found in corresponding plants. One of the maize grain samples, V. 

M5 grain, stands out with higher concentration of Cu than other samples of grains and 

plants. Pb could be found in all soil samples but the transfer into plants was varying. Cr 

was found in rather limiting amounts in the soil compared to other metals. The Cr 

findings in the plants were limited as well. 

0

200

400

600

800

1000

1200

1400

1600

1800

2000

[m
g
/k

g
 d

w
] 

Cr

Zn

Pb

Cu

0

500

1000

1500

2000

2500

[m
g
/k

g
 d

w
] 

Cr

Zn

Pb

Cu



21 

 

 

In Figure 11 below, showing the mean heavy metal concentration in soil from 

Vingunguti, it can be seen that only the mean concentration of Zn exceeds the upper limit 

for agricultural soil set by the TZS, 2003. Cu and Pb concentrations do however exceed 

the limit in some samples, which can be noticed looking at the standard deviations. The 

content of Cr in the collected soil samples never exceeded the standard set for 

agricultural soil.   

 

 

Figure 11 - Heavy metal concentration with its standard deviation in soil. 

Figure 12-15 below shows the mean concentration with the standard deviation for each 

metal analyzed in plant samples from the Vingunguti area as well as from the reference 

area. The graph also illustrates the recommended upper limits of metal concentration in 

vegetables set by WHO/FAO (1982) and EU (2006). 

 
Figure 12 - Mean concentration of Cu in 

plants collected at the two collection 

sites. 

 
Figure 13 - Mean concentration of Pb in 

plants collected at the two collection sites. 
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Figure 14 - Mean concentration of Zn in 

plants collected at the two collection 

sites. 

 
Figure 15 - Mean concentration of Cr in 

plants collected at the two collection sites. 

 

The highest mean concentration of Cu were found in maize grains, while pumpkin 

showed the highest mean concentration of both Pb and Zn. The highest values of Cr were 

found in cowpea. For all plant types, high levels of Zn (mean value >100 mg/kg dw) 

were found. In every case except one, the mean concentrations in the Vingunguti samples 

exceed those from the reference area. The exception is in Cr content within pumpkin 

samples collected at the Mlalakuwa survey area, see Figure 15. No sample contained a 

Cu concentration above the upper limit for vegetables set by WHO/FAO in 1982, and the 

levels in maize grains was the only one which exceeded the level set by EU. In the case 

of Pb and Cr, all collected samples from the two areas contained higher concentrations 

than recommended by both WHO/FAO and EU. For Zn mean concentrations only the 

reference site and maize grains contained less than standards set by the WHO/FAO, none 

however met the standards set by the EU.  

 

The standard deviation of Vingunguti Cu concentration in maize and grain samples were 

widespread showing a large variation in collected samples. Mean Pb concentration and 

standard deviations are much higher for samples collected at Vingunguti compared to the 

reference samples. The variation of Zn concentration between plant species is not great; 

the variation between the two collection-sites is greater. The greatest variation of Cr in 

samples was shown by the pumpkin samples collected at the reference site. 
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Figure 16 - pH vs. the Cu uptake in        

plants at the Vingunguti dumpsite. 

 
Figure 17 - pH vs. the Pb uptake in 

plants at the Vingunguti dumpsite. 

 

 
Figure 18 - pH vs. the Zn uptake in plants 

at the Vingunguti dumpsite. 

 
Figure 19 - pH vs. the Cr uptake in 

plants at the Vingunguti dumpsite. 

 

In figures 18-19 a trend can be spotted which show that the metal uptake in cowpeas 

increases with increasing pH. The opposite apply for pumpkin where a higher pH yields 

lower metal uptake. In maize no trend can be seen between pH and uptake, however 

maize is shown to take up higher levels of Zn compared to both cowpea and pumpkin at 

all pH levels. 

5.1.3 Health risk due to daily consumption 

Table 2 below demonstrate the amount of each plant species that separately can be 

consumed per day without reaching toxic levels according to the oral recommended dose 

from US-EPA IRIS. Maize leaves are used as fodder for livestock and are not consumed 

by humans, hence the italic writing. 
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Table 2 - Recommended maximum daily intake for each crop individually 

  Cu Pb Zn Cr 

Body weight [kg] 65 80 65 80 65 80 65 80 

Maize [kg] 1.55 1.91 0.0686 0.0845 2.01 2.48 138 170 

Cowpea [kg] 3.65 4.49 0.0919 0.113 2.06 2.53 57.1 70.2 

Pumpkin [kg] 1.94 2.38 0.0574 0.0706 1.83 2.25 104 128 

Corn [kg] 1.44 1.77 1.41 1.73 2.67 3.29 96.0 118 

 

In Table 2 it can be seen that the metal with the limiting allowed amount is Pb for all 

plant types and maize grains. A person who weigh 80 kg can eat a maximum of 70,6 

grams of pumpkin without reaching toxic levels of Pb. Corresponding amount for the 

other metals Cu, Zn and Cr in pumpkin is 2.38 kg, 2.25 kg and 128.3 kg respectively. 

5.2 Leachate and River water  

5.2.1 pH and electrical conductivity 

In Figure 20 below pH-levels in the leachate from the Vingunguti dumpsite and the 

Msimbazi River is presented. The leachate was found to be alkaline and varies between 

pH 8.1 and 8.2. In the river water the pH was 8.2 upstream and when passing by the 

dumpsite. Downstream of the site the pH was measured to 8.3. 

 

 

Figure 20 - pH in leachate from the Vingunguti dumpsite and in Msimbazi river water. 
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Figure 21 – Electrical conductivity in leachate from the Vingunguti dumpsite and 

Msimbazi river water. 

The electrical conductivity in leachate differs greatly from the levels found in the river 

water. In the leachate values varies between 5680 µS/cm to 16490 µS/cm. In the river 

water the value was 812 µS/cm upstream and the same value along the dumpsite. 

Downstream of the site the electrical conductivity value was 919 µS/cm. 

5.2.2 Heavy metal concentration 

In Figure 22, presented below, the Leachate is shown to contain higher concentration of 

Cu and Zn compared to Pb and Cr. The concentration of Cu varied between 0.318- 

2.012mg/l, while Zn concentrations varied from 0.764 mg/l to a highest value of 2.053 

mg/l. Pb concentration ranged between 0.158-0.324 mg/l and Cr measured a highest 

value of 0.219 mg/l. In sample L1 the levels of Cr was below detection levels. 

 

Figure 22 - Mean concentrations of heavy metals in leachate from the Vingunguti 

dumpsite. 
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. 

 

Figure 23 - Heavy metal concentrations in Msimbazi River. 

Figure 23 demonstrate the heavy metal concentration found in the samples collected from 

the Msimbazi River. The amount of Cu was low throughout the three samples only 

varying between 0.012 – 0.022 mg/l. Pb concentrations varied slightly, reaching its 

lowest concentration of 0.147 mg/l upstream the dumping site while the highest 

concentration was found downstream, 0.245 mg/l. Zn also varies only slightly between 

the samples, ranging between 0,441 mg/l upstream to a lowest concentration of 0,345 

mg/l at the Vingunguti dump site. Cr varied strongly, both in-between river water 

samples and compared to the leachate concentrations. In the upstream sample the levels 

was below the detection limit while in the downstream sample indicated a concentration 

of 0.502 mg/l. 

 

Comparing the result to the FAO, 1985, limits for irrigation water presented in the 

background in section 3.7, it can be seen that the heavy metal levels in the river water 

falls beneath the limits for all metals except for Cr. The limit for Cr is 0,1 mg/l which is 

largely exceeded in the samples collected next to the dumpsite and downstream. 

  

0

0,1

0,2

0,3

0,4

0,5

0,6

RW1 RW2 RW3

[m
g
/l

] 

Surface water samples along Vingunguti dumpsite 

Cu Pb Zn Cr



27 

 

6. DISCUSSION 

6.1 Plants and soils 

6.1.1 Heavy metal concentration in plants and soil 

- Comparing metal concentration in plants with soils, in relation to pH. 

Comparing soils, plants and maize grains demonstrated in Figure 8-10 it can be seen that 

the heavy metal concentrations in the soil is much greater than in plants. Since pH in soil 

samples is rather high, ranging between pH 6-7.7, it is indicated that metals are firmly 

bonded to particles in the soil and not readily available for plant uptake. This can be one 

explanation to the big difference in soil and plant concentration. However if the pH would 

decrease in soil, more metals are expected to be released and available for plant uptake as 

the soil buffers the acidity. The city of Dar es Salaam already has extensive traffic and 

industries, both contributing to sulphur pollution and increasing acidity in the 

surroundings. Further industrial development and longtime exposure to these activities 

might lower the pH in the soil at the dumpsite, hence increase the risk of overexposure to 

heavy metals for the local community. However, the amount of heavy metals absorbed by 

the plant is not solely dependent on the pH in soil. Plant specific properties allow plants to 

absorb different amounts and react differently to changes of surrounding conditions.  

- Mean concentration in soil 

The mean concentration of metals in the soil collected from the Vingunguti dump site is 

plotted in Figure 11, showing that Zn is greatly overrepresented in the soil. The 

concentration of Zn exceeds the upper limit for agricultural soils given by the Tanzanian 

Bureau of Standards (TBS, 2003) which is not the case for Cu, Pb or Cr. Considering this 

being a former dumpsite it was unexpected to find most concentrations within the 

standards set for agricultural purposes. A discussion whether the standards are reasonable 

or set too low continues in section 6.4. 

 

- Mean concentration in plant and grains 

When looking at Figure 12-15 it can be seen that the overall highest mean concentration 

in the plant samples is Zn, i.e. the same as in soils. Another trend that can be spotted is 

that the samples collected from the Vingunguti dumpsite generally contains higher 

concentrations of metals compared to the reference samples. This indicates that there is a 

greater risk when farming at the former dumpsite compared to other types of urban 

farming areas in Dar es Salaam. 

The only exception, when the reference site contained higher levels than Vingunguti, is 

for the mean concentration of Cr in pumpkin (Figure 15). The high mean concentration is 

due to one extraordinary high value (Ref.P1 Table 2 Appendix 1) which also affect the 

standard deviation of these samples to be large. Without the high value the mean 

concentration of Cr in pumpkin at the reference site would be 7.9 mg/kg dw, which is 

below the WHO/FAO limit and lower than at the Vingunguti site. The most likely 

explanation of this high value is the human factor; a mistake conducted when carrying 

out the analysis. The concentration of Pb in pumpkin from Vingunguti is high when 
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compared to the concentration in corresponding soil samples. This indicate that uptake of 

Pb to pumpkin is independent of concentration in soil. 

 

- Levels of metal in plants compared to standards set by the WHO/FAO and EU. 

When looking at figure 12-15 with regard to the WHO/FAO and EU standards it can be 

noticed that the later are stricter for all metals except for Pb where it is set slightly higher. 

For both Cr and Pb all samples from both Vingunguti and the reference site exceeds the 

two standards. This indicates that there is a risk of overexposure to these metals from 

urbanely farmed vegetables in general in Dar es Salaam. The absolute lowest mean 

concentration of Pb was found in maize grains, which is positive from a health 

perspective due to the large part of the diet it represents.  

 

- Standard deviation of mean values. 

The standard deviation of maize collected at the reference site stands out being very 

large. This depends on one sample (Ref.M2 see Appendix 1 Table 2) which value greatly 

exceeds the other concentrations detected. Comparing to the corresponding soil sample 

(Appendix 1 Table 1) it can be seen that this value is not particularly high and other 

metals measured from the same sample do not indicate extraordinary values. This makes 

it likely to assume that a mistake in the method have caused the high value of Zn found 

in the plant. The greatest variation of Cr in samples was shown by the pumpkin samples 

collected at the reference site. 

 

The varying waste composition which affects the heavy metal content in soil and plants 

locally can explain the large standard deviation for heavy metal content in samples.  

 

- Earlier research 

In the earlier research done by Eskil Österling in 2011, soil samples from Vingunguti 

contained concentration of metals varying between 20-250 mg/kg dw for Cu, 50-340 

mg/kg dw for Pb and 40-1010 mg/kg dw for Zn. Corresponding values from this analysis 

show a variation of Cu between 21-459 mg/kg dw, Pb 42-556 mg/kg dw and between 

538-2040 mg/kg dw for Zn. This means a maximum concentration of almost the double 

compared to Österling’s values. However since Österling only collected four plant 

samples from the dumpsite, it is not possible to make qualified conclusions from the 

comparison. 

6.1.2 State health risk due to the consumption of the crops  

-          How to interpret the daily intake 

The recommended daily intake of vegetables from Vingunguti dumpsite is calculated 

using mean values for each plant and two different measures for body weight. It has to be 

observed that the safe limits in Table 2 are not calculated on a varied diet, but on the 

assumption that the daily diet consists of only that specific type of vegetable. To judge 

how much of each vegetable that can be eaten for a varied diet, the whole food 

consumption has to be considered.  
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Leaves from cowpea and pumpkin as well as maize grains are directly eaten by humans 

while leaves from maize are used as feeding for livestock and enters the human food 

chain through their consumption. To be able to calculate the heavy metal transfer through 

this path, conversions from concentrations in plants to concentrations in meat and dairy 

products have to be made. 

 

-          Health risks 

Table 2 show that Pb sets the limit for the amount of vegetables that can safely be 

consumed from Vingunguti. Approximately 100g of cowpea leaves or 70g pumpkin 

leaves can maximum be eaten for someone weighing 80 kg without exceeding the safe 

limits for Pb. Even if concentration of Cu, Zn and Cr individually allows a larger intake, 

the Pb concentration will make cowpea and pumpkin unsuitable to eat in larger portions. 

In maize grains the concentrations of Pb and Cu are the limiting factors which allow a 

daily intake of approximately 1.7 kg for a person weighing 80 kg. Maize is a common 

staple starch in Tanzanian cuisine especially through Ugali (a dish made out of maize 

flour) and is consumed in large amounts. If the intake of maize grains pose a health risk 

or not will therefore depend on the composition of other food stuff and its respective 

metal concentration. According to the recommended daily intake of Cr, no health risk 

due to overexposure is expected from Vingunguti vegetables. The daily amount is high 

above what is possible to eat in a day or even a week.   

 

- Safe daily intake of vegetables 

From the analysis and above discussion, the safe amounts of vegetables that can be 

consumed on a daily basis are summarized in Table 3. A person weighing 80 kg could eat 

100g cowpea, 70 g pumpkin or 1700g maize grains daily without health risk. Any 

vegetable volumes above will put the consumer to health risk due to high Pb intake. If 

other foodstuff in the daily diet contains high levels of Pb, the volume consumed needs to 

be lowered. 

 

Table 3 - Amount of each plant that individually can be eaten per day without reaching 

toxic levels during a lifetime, calculated for a person weighing 65 and 85 kg 

Average Body Weight 65 kg 85 kg 

Cowpea 90 g 100g 

Pumpkin 50g 70g 

Maize Grains 1400g 1700g 

 

6.2 Leachate and Msimbazi River 

Even though leachate samples were collected during a day without rainfalls, Dar es 

Salaam had been hit by several heavy rains only a few days prior to collection. It is 

therefore reasonable to assume that the leachate was diluted from the rain and that the 
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result of leachate analysis will differ depending on season and even varies within the 

seasons. 

The heavy metal concentration in the collected leachate presented in Figure 22, far 

exceeds the Swedish permissible discharge limits for landfill leachate to sweet water 

recipients. The Cu, Pb, Zn and Cr are respectively 68, 110, 32 and 5 times higher than the 

Swedish limits. Since the leachate on the northwest side of the dump runs directly 

without treatment into Msimbazi River, the heavy metal content will spread from the site 

and pollute areas around the river and ultimately the Indian Ocean. 

 

The water samples collected along Vingunguti dumpsite show a variation in pH where 

the downstream sample is more alkaline than the upstream, see Figure 20. A possible 

explanation is the contribution from the nearby slaughter house which deposits its 

organic waste on the site. For heavy metal concentration, the analysis indicates a 

contribution of mostly Cr but also Pb from the dumpsite to the River, see Figure 23. 

According to the concentration of heavy metals in leachate, the expected result would 

have been an increase of Zn and Cu in the river water. Instead the Zn concentration 

decreased while the Cu concentration more or less stayed on the same level, comparing 

upstream and downstream samples. Why the analysis did not show the expected 

correlation can depend on several reasons, with the most obvious one that only one river 

sample was collected at each point. Variations could have been detected if more samples 

had been collected, and from both shores, since the leachate flow entering the river takes 

a while to fully dilute. The heavy rainfalls during the week prior to sampling might also 

have diluted the river water to an extent where the leachate contribution did not have 

remarkable effect. 

 

Comparing downstream heavy metal concentration to Mwegoha and Kihampa’s results 

from 2010, the concentration of Cu is doubled in this report, more than doubled for Pb 

and 50 times higher for Cr. A natural explanation to this difference can be that the 

downstream sample in this analysis was collected closer to the site and therefore 

contained higher concentration of leachate. To be able to determine whether an increase 

of transfer from the Vingunguti dumpsite to Msimbazi River have occurred, more 

samples and from both dry and wet season should be collected. The river samples from 

both upstream and downstream the site have concentrations within the FAO standard for 

irrigation water presented in Table 1, for all metals except Cr. A discussion of standards 

will be followed in chapter 6.4. 

6.3 Analysis limitations 

6.3.1 Sampling 

The vegetable samples collected did not include the actual fruit of the plant except for 

some samples of maize. It would have been interesting to analyze all editable parts from 

the sites however; time for sample collection did not coincide with the time for 

harvesting. Since heavy metals might accumulate also in the fruits, there is an important 

path of metal transfer that has not been covered in this report.  
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During the first collection from Vingunguti, the plants were not washed immediately 

after collection. When this mistake was discovered the plants had air dried for a few days 

and had become crisp and difficult to clean. Since they were not properly washed some 

soil particles might have contributed to the analysis results. However, comparing the 

results from the first and second time of collection, when plants were correctly washed, 

no major difference in heavy metal concentration could be noted. Zn, however, was the 

exception where the concentrations were notably higher in the first set which can be 

explained by the soil contamination of the plants.   

 

Seasons have found to be an important factor in the magnitude of pollution from previous 

studies in the area, see chapter 3.7. This analysis was conducted during the rain season, to 

understand the transfer from Vingunguti better the same research should be carried out 

during the dry season. 

6.3.2 Laboratory work 

During digestion in hot air oven, some plant samples did not completely digest and small 

fractions were visibly intact. Even when more aqua regia was added, the digestion did 

not come to completion. For this reason, there might have been heavy metals in the 

samples which were not extracted and analyzed. The results from the AAS can therefore 

be seen as a lower limit and that concentrations might be even higher than what the 

analysis showed. When running the AAS, some problems with suction in the tube 

occurred. This was noted if values were unusually low. In those cases samples were run 

again, but it is possible that some samples got poorly analyzed unnoticed. Hence, a few 

specific results are uncertain and mean values are preferable parameters of 

representation. 

6.4 Conflicting standards 

The standards used in this report are gathered in Table 4 below. The risk level is 

supposed to give an overlook for which metals the institution regulates most harshly i.e. 

the one with the lowest concentration limit. 

Table 4 - Summary of standards used in the report.  

Institution Subject Cu Pb Zn Cr Risk level 

TZS  

(2003) 

Agricultural soil 

[mg/kg dw] 200 200 150 100 Cu,Pb>Zn>Cr 

WHO 

(1982) 

Vegetables 

[mg/kg dw] 73 0.30 100 2.3 Pb>Cr>Cu>Zn 

EU  

(2006) 

Vegetables 

[mg/kg dw] 20 0.43 50 1 Pb>Cr>Cu>Zn 

FAO  

(1985) 

Irrigation water 

[mg/l] 0.2 5.0 2.0 0.1 Cr>Cu>Zn>Pb 

US EPA     

(1998, 2005) 

Oral reference 

dose [mg/day] 0.04 0.004 0.3 1.5 Pb>Cu>Zn>Cr 

Swedish EPA 

(2007) 

Landfill leachate 

disposal [mg/l] 0.015 0.0025 0.045 0.025 Pb>Cu>Cr>Zn 
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Since all standards concern heavy metals in the environment, these standards should 

comply with one another. For example, since metals accumulate in the soil, the standard 

for irrigation water should match the standard for heavy metals in agricultural soil. If 

they are not matched, the irrigation water can make the soil exceed its permissible levels. 

It is therefore remarkable that even the untreated leachate in this report almost falls 

within the limits for irrigation water. It is only the concentration of Cu in leachate that 

highly exceeds the limit. Compared to the Swedish standard for allowed concentrations 

in landfill leachate, it is allowed to pollute to a much higher extent with irrigation water 

than it is through leachate. Especially the concentration of Pb allowed according to the 

FAO [ch1] standard is surprisingly high. The irrigation standard should also to some 

extent match the standard for heavy metal in vegetable, however vegetables take up 

different metals in different amounts so the risk level of metals does not necessarily have 

to be in the same order. Nevertheless, it is notable that Pb has the most liberal limit in 

irrigation water when it is allowed in very small amount in plants. This report has shown 

that the transfer of Pb from soil to plant occurs in such large amounts that Pb becomes 

the limiting factor for daily intake of food grown in the area. 

6.5 Recommendations on urgent measures  

The two analyzed contamination paths from where heavy metals reach humans are (1) 

the transfer to the food chain through farming activities and (2) the contamination of 

river water through leachate reaching the adjacent Msimbazi River.  

 

The urgent measure to minimize both contamination paths is to properly close the site. 

From the alternatives raised in section 3.5 alternative 1 or 3 are most suitable since 

further use of the site is not a prevailing option. Due to limited economic means, closing 

by covering the waste along with measures to collect and treat leachate is valued to be 

the most suitable option. The cover layers, which should cover the sides and the bottom 

as well as the top, will prevent from further dumping and hinder rainwater to infiltrate the 

site and create leachate. Hence the amount of surface leachate that is needed to be 

collected and treated should be greatly reduced. The building of trenches and arrange 

with a treatment solution should be one of the first measures taken on the site. This 

should be present while the work of covering the site is carried out. The treatment of the 

leachate could preferably be some sort of filtration station, where the leachate passes 

through before continuing into the Msimbazi River.  

 

According to Kassenga & Mbulingwe (2009) the wall being built to sustain the growing 

waste body was created with holes to allow outflow. This need to be rebuilt to make sure 

contaminated leachate will not escape from the dump site any other direction than 

towards where purification will take place. As suggested by UNEP (2005) the 

underground leachate from a site can be collected by inserting underground walls leading 

the water through a channel to where it can be treated. This is of course an expensive 

measure. Closing alternative one; closing by removing the waste is from an urban 

farming perspective most suitable but no engineered landfill to where the waste can be 

removed exists today in the city. To temporarily move the waste to be able to rebuild the 
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foundation of the dump in sections one part at the time is also an alternative. However, 

these suggestions are all expensive and require much machinery to be completed. 

 

Even if the site is covered, vegetable cultivation is not a suitable land use for a former 

dump site according to section 3.5. The first transfer path should therefore be eliminated 

solely by stopping vegetable cultivation on the site. To ensure that farming is not carried 

out at Vingunguti, where food scarcity as well as the livelihood of citizens is serious 

issues, is a difficult task. Unless the site is strongly protected farming will most likely 

occur since people ought to eat. Even though the farmers probably will choose to eat 

today and take the risk than not eat at all, a first measure that is needed is to educate the 

population of the area on the risks related to heavy metal contamination. Further and 

even more importantly, to enable locals to stop farming on site they need an alternative 

source of income. A suggestion is that they can continue to use the site after proper 

closing but not with the purpose of farming crops, instead they can grow fast-growing 

plants which biomass can be made into charcoal when harvested. This would provide a 

purpose of the site alongside an income for the locals. Studies need to be carried out to 

investigate the most suitable option to ensure that the activity can generate sufficient 

income as well be safe for the environment and living creatures. 

6.6 Other points made 

The conducted urban farming in Dar es Salaam today is both a necessity and a problem. 

It provide a necessary part of the total food needed in the city as well as an income for 

the farmers. However as it is unregulated and hence can be carried out on land unsuitable 

for farming the food provided can be of questionable quality. The many industries and 

heavy traffic cause heavy metal concentrations and other hazardous particles to increase 

in water and soil, which in turn will be transferred to the crops. The shortcomings of 

waste management contribute as well to further contamination. Urban farming practiced 

on old dump sites show the big problem present in both fields. Lack of regulation of 

urban farming makes it possible to farm in the most contaminated sites there are, and 

lack of recognition makes it impossible to farm on suitable ones. Poor waste management 

of closed sites makes it possible to access the site and use space that due to its hazardous 

nature should be protected. 

In Dar es Salaam there is a conflicting use of the Msimbazi River, and probably many 

other water bodies. On one hand waterbeds and stream are subjects for easy dumping of 

waste while on the other hand it is used as a resource for irrigation, washing, bathing and 

fishing. More awareness of the situation and action to protect the water quality would be 

important measures to decrease associated health risks. 

As presented in the background information about the waste management in Dar es 

Salaam there are difficulties both with running the dump sites and with the organization 

of responsibilities within the governing bodies. Most likely these two are interlinked. In 

the case of running the dump sites it has first of all not yet been possible to established 

sanitary landfills which several times have been the plan. The separation of municipal 

waste as well as compaction measures to properly run the open dump has also failed. 
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Problems with fee collection increased the lack of funds needed to properly manage the 

site. The lack of management of closed dump sites have allowed dumping to continue as 

well as unsafe activities such as farming and the creation of residential areas. 

The issue of waste management is divided and fall under a number of subdivisions of the 

DLA´s. This, as expressed by Lusaaga and Kironde, create ineffectiveness which can be 

a contributing factor that only 40% of the waste reach the dump site in Dar es Salaam. 

The waste stream that reach the site is not separated for its recyclable or hazardous 

components and therefore makes up a waste mix that is both hazardous and that attracts 

scavengers. If organized recycling already at citizen-level less waste is needed to be 

transported and placed at the dump site. Businesses could profit from buying the recycled 

to produce new goods or produce energy using the organic waste. To better organize the 

waste management the responsibilities for each DLA should be clarified.  

7. CONCLUSIONS & FURTHER RESEARCH 

The conclusions reached from the investigation show that there are health risks 

connected to the heavy metal contamination generated by the Vingunguti dumpsite. 

 

 The leachate contains too high concentrations of every heavy metal to be within the 

swedish limits for leachate discharge. 

 

 The Cr content in the Msimbazi river water exceeds the FAO standards set for 

irrigation water. 

 

 The soil contains to high concentration of Cu to meet the standard for agricultural soil 

set by Tanzania Bureau of Standards. 

 

 There is a health risk connected to eating vegetables in volumes larger than 100g 

cowpea, 70g pumpkin or 1700g maize grains for someone weighing 80 kg due to the 

high levels of Pb present.  

 

 Measures regarding covering the site with a final layer and collecting the leachate for 

purification is urgently needed. To stop further contamination from the Vingunguti 

dumpsite the bottom and sides of the dump need to be covered so that the whole site is 

enclosed. The local community also needs to be informed of the risks connected with 

the site and usage of the area. 

7.1 Further research 

While completing this report several fields and issues were found that need further 

investigation and research. These are as follows; 

 

- Investigation of the risk level of other urban farming sites in Dar es Salaam. 

 

- Compare results to an investigation carried out during dry season. 



35 

 

 

- Actions needed to ensure non-hazardous waste disposal at the current running dump 

site in Dar es Salaam. 

 

- Investigation of necessary measures to properly close the Vingunguti dump site as 

well as of alternative use of the site to ensure livelihood of currently active farmers. 

 

- Investigation of the spreading of hazardous substances to ground water at the 

Vingunguti dump site. 

 

- Map the possibility to introduce recycling systems of larger waste streams, such as 

organics and electronics, in the society.  

 

- Evaluation and update of standards set to limit heavy metal contamination in the 

environment 
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APPENDIX 

Appendix 1 contain the raw data of samples collected from the Vingunguti dump site, the 

Msimbazi River and the reference area Mlalakuwa survey. Measurements were performed on 

pH, electrical conductivity and heavy metals. Totally dissolved solids (TDS) was also 

measured in leachate and river water.  

Raw data from soil samples 

Table 1. pH, electrical conductivity  and heavy metal content in the soil samples collected at 

the Vingungtuti dumpsite as well as from the reference site. Prefix of ‘V’ indicate that 

samples are from the Vingunguti area while ‘Ref’ stands for reference area. The abbreviation 

UN from Vingunguti samples indicate that the corresponding plant sample is unknown. When 

the content of a metal was beneath possible level of detection it is marked in the table with ‘-‘. 

Soil 

Samples 
pH 

Organic 

matter 

(%) 

Electrocoductivity 

[μS/cm] 

Heavy Metal soil [mg/kg dw] 

Cu Pb Zn Cr 

V. M1 (s) 7,2 6,70 1195 188,3 68,2 660,2 19,04 

V. M2 (s) 6,4 4,22 1105 459,2 212,4 2040 14,42 

V. M3 (s) 6,2 7,43 779 157,54 232,8 904,6 51,98 

V. M4 (s) 6,7 8,82 700 21,02 108,98 1237,6 44,46 

V. M5 (s) 6,9 11,79 777 149,48 42,1 2640 61,12 

V. M6 (s) 6,8 12,76 1052 160,1 555,8 1410 56,1 

V. M7 (s) 6,8 7,93 1547 149,36 303,4 2392,4 36,98 

V. C1 (s) 6,9 7,14 1158 95,42 209 538,2 9,46 

V. C2 (s) 6 15,84 1575 203,4 166,16 1612,4 19,82 

V. C3 (s) 6,4 11,54 482 178,86 121,06 877,8 51,58 

V. C4 (s) 6,7 9,99 691 186,06 131,26 1243,4 42,76 

V. P1 (s) 7,7 18,14 930 157,76 93,86 1088,6 14,48 

V. P2 (s) 7,1 19,80 666 112,64 96,12 642,8 10,96 

V. P3 (s) 7,1 16,58 1428 96,42 154,4 2089,2 7,24 

V. P4 (s) 6,3 12,02 752 61,1 176,96 736 46,18 

V. P5 (s) 6,6 15,02 1250 30,28 206,8 1078,6 54,5 

V. UN1 7,3 11,25 1228 182,24 87,34 1781,2 16,86 

V. UN2 7,2 14,70 1074 135,58 38,58 493,8 18,74 

V. UN3 7,5 7,42 985 258,6 69,52 1382 28,58 

V. UN4 7,2 13,03 1561 105,72 64 390,6 15,46 

V. UN5 7,4 13,65 2040 235 126,32 1674,6 19,6 

V. UN6 6,9 15,30 1737 121,74 201 635,4 26,1 

V. UN7 6,9 8,63 1336 153,18 83,84 514,8 18,88 

Ref. M1 (s) 7,1 0,05 501 3 13,2 134,1 11,92 

Ref. M2 (s) 6,9 5,02 498 5,2 9,78 64,42 9,2 

Ref. M3 (s) 7,0 3,03 489 6,44 10,48 178,38 5,84 

Ref. C1 (s) 7,2 3,21 448 0,56 11,12 46,12 23,6 
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Ref. C2 (s) 7,0 2,94 421 4,68 10,2 117,84 3,8 

Ref. C3 (s) 7,0 3,03 495 4,60 14,96 70,3 4,98 

Ref. P1 (s) 7,0 3,01 518 0,22 - 59,56 3,78 

Ref. P2 (s) 7,0 4,03 535 5,56 10,74 202,4 6,34 

Ref. P3 (s) 7,1 4,08 574 - 3,56 55,34 3,74 

 

Raw data of plant samples 

Table 2. The heavy metal content in plant samples collected at the Vingunguti dumpsite as 

well as from the reference area. Prefix of ‘V’ indicate that samples are from the Vingunguti 

area while ‘Ref’ stands for reference area. M stands for maize, C for cowpea and P for 

pumpkin sample. The symbol of © indicate that the sample is maize grains.  

Plant 

samples 

Heavy Metal plant [mg/kg dw] 

Cu Pb Zn Cr 

V. M1 12,01 2,09 87,99 12,71 

V. M2 11,16 25,34 61,00 4,42 

V. M3 7,82 74,22 80,16 10,7 

V. M4 5,34 63,6 67,58 16,52 

V. M5 6,84 71,7 67,08 0 

V. M6 6,62 93,74 89,02 10,62 

V. M5 © 56,92 4,86 67,52 20,14 

V. M6 © 2,60 0 87,34 8,18 

V. M7 © 4,22 1,66 102,68 7,54 

V. M7 9,76 88,48 88,68 9,18 

V. M8 126,77 45,00 457,14 11,54 

V. M9 7,94 7,16 55,74 2,76 

V. M10 15,925 11,725 141,5 7,35 

V. M11 6,68 7,26 57,74 5,62 

V. C1 11,02 55,62 125,66 32,96 

V. C2 7,88 7,96 176,64 5,94 

V. C3 6,62 62,76 93,22 16,4 

V. C4 9,94 21,96 138,26 19,84 

V. C5 24,88 39,2 28,78 3,2 

V. C6 10,5 38,94 103,16 8,08 

V. C7 13,94 32,64 147,24 9,74 

V. C8 5,74 7,1 79,4 64,66 

V. P1 8,00 6,08 104,52 1,76 

V. P2 2,32 18,54 79,6 10,86 

V. P3 27,12 71,06 299,4 12,54 

V. P4 8,58 29,56 136,26 21,48 

V. P5 22,02 127,38 133,4 13 

V. P6 20,7 110,52 116,3 6,2 
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V. P7 21,8 10,02 7,02 11,2 

Ref. M1 5,38 8,9 26,9 1,14 

Ref. M2 4,06 6,3 563,2 8,26 

Ref. M3 4,54 8,86 159,06 10,2 

Ref. C1 3,74 12,18 83,66 8,08 

Ref. C2 0,65 8,925 126,6 2,05 

Ref. C3 8,36 10,06 130,62 2,54 

Ref. P1 7,52 5,72 125,06 104,14 

Ref. P2 9,98 6,32 106,5 2,14 

Ref. P3 11,70 7,14 65,9 28,78 

 

Raw data from leachate and river samples 

Table 3. pH, Electrical conductivity and heavy metal content in Leachate and Msimbazi river 

water.  ’L’ is the index for leachate and ’rw’ stands for river water.  

 pH Electrical 

conductivity 

[μS/cm] 

TDS 

[mg/l] 

Heavy metal concentration [mg/l] 

Cu Pb Zn Cr 

L1 8,2 5680 2990 0,318 0,287 1,106 0 

L2 8,1 8520 4600 0,291 0,158 0,764 0,091 

L3 8,3 13920 7770 2,012 0,32 2,053 0,069 

L4 8,4 16490 9320 1,629 0,255 1,337 0,063 

L5 8,2 15570 8760 1,233 0,31 1,622 0,219 

L6 8,4 8770 4740 0,6 0,324 1,873 0,34 

RW1 8,2 812 396 0,021 0,147 0,441 0 

RW2 8,2 812 397 0,012 0,161 0,345 0,366 

RW3 8,3 919 450 0,022 0,245 0,351 0,502 

 

 

 

 

 

 

 

 

 


