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ABSTRACT 
 
The introduction of urban and peri-urban agriculture (UPA) is usually characterized by high input intensity. This intensive 
use of chemical fertilizers, pesticides, wastewater, sludges and industrial effluents may lead to accumulation of 
potentially toxic metals in the soil, increasing the geological background levels and exceeding the capacity to immobilize 
them. Besides being environmental pollutants of which the toxicity is a problem of increasing significance for ecological 
reasons, heavy metal accumulation in the food chain is highly dangerous for human health. The objective of this review 
was to highlight the potential problems that may arise as a consequence of irrigating crops with sewage water as well 
as using fertilizers and pesticides. A review of literature has shown that different types of fertilizers contain some 
quantities of heavy metals that may buildup in the soil as well as be taken up by crops. In addition to using fertilizers, 
the use of treated and sometimes partially treated and untreated water by UPA farmers around Gaborone may lead to 
heavy metal accumulation in soil as well as in crops, posing a danger to human beings. In Botswana there is limited 
information concerning heavy metal accumulation in soils even though there is a high use of agrochemicals in vegetable 
production in UPA land use systems. Lack of such information necessitates research on the impact of the application of 
fertilizer, sewage water (treated and untreated) and metal-based pesticides on the quality of the vegetable produce 
coming from UPA.  
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INTRODUCTION 
  
The United Nations (UN) Population Fund estimates that 
more than 50% of the world's population lives in urban and 
peri urban centres (UNPF, 2007).  Statistics Botswana 
reported the same trend where urban dwellers constitute 
more than 60% of the country’s population in 2011 (CSO, 
2011). The dramatic increase in urban dwellers as people 
migrate from rural areas to cities, calls for improved food 
supply and distribution to reduce levels of urban food 
insecurity without compromising farmer incomes (FAO, 
2006). The Botswana Ministry of Agriculture has 
advocated for the introduction of urban agriculture to meet 
demands for food in urban areas (Madisa et al., 2010).  
This ministry is responsible for ascertaining food security 
in Botswana through programmes such as ISPAAD 
(Integrated Support Programme for Arable Agriculture 
Development). For example, horticulture has been 
identified as an area that can assist in securing food and 
eradicating poverty. Through the CEDA (Citizen 
Entrepreneur Development Agency), millions have been 
spent on supporting horticultural projects. But because of 
the semi-arid to arid nature of the country, shortage of 
water for irrigation remains a challenge. So, because good 
quality water is scarce, the use of treated sewage water is 
encouraged. Also, because soils are generally poor, 

fertiliser use is common practice (Pule-Meulenberg and 
Batisani, 2004). In addition, the use of pesticides in 
vegetable production in UPA land use system is high 
(Obopile et al., 2008; Gobusamang et al., 2012). Thus, the 
introduction of urban agriculture and peri-urban 
agriculture is usually characterized by high input intensity. 
However, the intensive use of chemical fertilizers, 
pesticides, wastewater, sludges and industrial effluents 
has been associated with hazardous metals (Keraita and 
Drechsel, 2002; Amoah et al., 2005). Thus, the continuous 
use, particularly of wastewater may lead to the 
accumulation of potentially toxic metals such that the 
geological background levels are increased and the 
capacity to immobilize them is greatly exceeded (Wei and 
Yang, 2010; Ugbaje and Agbenin, 2012).  Generally, 
heavy metals occur naturally in all soils in minute 
quantities, but can accumulate in agricultural soils from 
various sources, such as fertilizers, organic supplements, 
atmospheric deposition and urban industrial activities 
(Modaihsh et al., 2004). Elevated concentrations of heavy 
metals in soil have been shown to have adverse effects 
on human and animal health when these metals are taken 
up by the crops and transferred up the food-chain or are 
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leached to the ground water (Modaihsh et al., 2004; 
Fuentes et al., 2008; Ugbaje and Agbenin, 2012).  
 
Heavy metals are significant environmental pollutants, 
and their toxicity is a problem of increasing significance for 
ecological, nutritional and environmental reasons. They 
are non-biodegradable and persistent environmental 
contaminants. Heavy metal bioaccumulation in the food 
chain can be especially dangerous to human health. 
These metals enter the human body mainly through two 
routes namely: inhalation and ingestion, with ingestion 
being the main route of exposure to these elements. 
Vegetables constitute essential diet components by 
contributing proteins, vitamins, iron, calcium and other 
nutrients, which are usually in short supply. Vegetables 
take up metals by absorbing them from contaminated 
soils, as well as from deposits on different surfaces of the 
vegetables exposed to the air from polluted environments.  
 
Food contamination by heavy metals depends both on 
their mobility in the soil and their bioavailability. 
Quantifying the levels of potentially toxic metals in the soil 
has been shown not to reflect their bioavailability and 
potential to contaminate the food chain, but to be simply 
an indication of the soil levels in reference to some safety 
levels established elsewhere (Silva et al., 2008). For 
example, Agbenin et al. (2010) and Abdu et al. (2011), 
reported that leafy vegetables could accumulate 
potentially toxic metals above the safe limits for human 
consumption in urban gardens from West Africa where the 
concentrations of the metals in the soils were two to three 
times lower than allowable concentrations delineated by 
the European Union. Information on the distribution of 
heavy metals in their various chemical forms should be 
employed to assess the potential contamination risk and 
ensuing environmental damage. It is the chemical form of 
a potentially toxic metal that determines its reactivity, and 
hence its bioavailability, toxicity and mobility in the soil 
environment (Huong et al., 2010; Ugbaje and Agbenin, 
2012). Therefore knowledge of the interactions between 
heavy metals and the soil matrix is required to judge their 
environmental impact. 
 
The most common way to study the behavior of heavy 
metals in soils is by treatment with extractants of different 
chemical properties (Huong et al., 2010). A typical 
chemical extraction scheme includes the extraction of 
metal forms from a soil sample with different reagents in 
sequence, starting with a weak solvent, followed by a 
stronger one to more aggressive reagents (Ugbaje and 
Agbenin, 2012). Sequential chemical extraction 
techniques according to Huong et al. (2010) have 
received considerable attention because they provide 
operational and practical methodology for differentiating 
varying labile forms of a potentially toxic metal in soils. 
 
Farmers around Gaborone city engaged in UPA use 
secondary treated wastewater and underground water for 
irrigation and high inputs (agrochemicals) to increase their 
crop yields, but the dynamics of potentially toxic metals 
movement, bioavailability and the associated health risk 
for vegetable consumers has not been widely investigated 
in the area. The aim of this review is to highlight the 

potential problems that may arise as a consequence of 
irrigating crops with treated sewage effluent combined 
with the use of fertilisers.  
 
Effect of inorganic fertilizers on heavy metal 
accumulation in soils and plants 
 
Crop fertilizers have adequately justified their introduction 
as a necessary option in agriculture. However, application 
of fertilizers is considered one of the potential routes 
heavy metals enter the agricultural soils. Inorganic 
fertilizers such as phosphatic fertilizers and different 
combinations of NPK may also influence the distribution 
of heavy metals among various fractions by altering soil 
properties such as pH and surface charge or by reacting 
with heavy metals.  
 
Phosphatic fertilizers have been shown to contain heavy 
metals as minor constituents (Modaihsh et al., 2004; 
Ramadan and Al-Ashkar, 2007; Ajayi et al., 2012) and 
thus are a potential source of heavy metal pollution. It is 
assumed that these heavy metals are transferred to the 
fertilizers during their processing (Modaihsh et al., 2004). 
Ramadan and Al-Ashkar (2007), reported that on average 
phosphate rock contained 11, 25, 188, 32, 10, and 239 mg 
kg-1 of As, Cd, Cr, Cu, Pb, and Zn respectively.  This is 
particularly relevant for Botswana because almost all soils 
are highly deficient in P and hence for arable production, 
this essential nutrient must be applied.  
 
So far, there are no known studies that have quantified the 
level of heavy metals in different fertilizers, nor is it a 
requirement for merchants to know the concentration of 
heavy metals in fertilizers. For example, Williams and 
David (1973) have shown that the average Cd content of 
Australian fertilizers manufactured in New South Wales 
over a 12 year period was 42 ppm. In Botswana such 
information is lacking, despite the fact that all UPA farmers 
apply fertilizers. A study by Thomas et al. (2012) also 
showed that phosphate fertilizers contributed greatly to 
heavy metal content in soils.  In that study, a pot 
experiment to assess the effect of phosphate fertilizer on 
heavy metal uptake by Amaranthus caudatus indicated 
that after harvesting, the concentration of Cu and Zn in the 
soil had increased by 400%,  Cd increased by over 100%, 
but Pb increased insignificantly. The increased 
concentration of heavy metals in the soil after the 
experiment showed that phosphate fertilizer contributed 
greatly to heavy metal content in soils.  
 
However, it is not only the phosphate fertilizers that pollute 
soils and eventually vegetables grown on them, but also 
NPK combinations were shown to increase heavy metal 
concentrations. For example, Abdul et al. (2011) reported 
that fertilizer application (NPK) contributed annually 30-
2100 g cadmium ha-1 and 50-17600 g zinc ha-1 to soils in 
Nigeria. A few studies however contradicted the results 
obtained by the studies mentioned above. Ajayi et al. 
(2012) compared soil samples from fields that had been 
under extensive use of NPK fertilizer for over 10 years to 
those from non-fertilized ones. Their results did not show 
significant differences between metal concentrations of 
fertilized sites and those of non-fertilized ones. In another 



Obuseng et al. (2019). Heavy metal pollution of soil and crops. Bots. J. Agric. Appl. Sci. 13 (Issue 1 – Special)                                   Page 71–79 

73 
 

study, Jones et al. (2002), established that fertilized soils 
in general had significantly lower levels of available and 
total metals than those of non-fertilized soils. Their 
findings suggested that long-term fertilization did not 
increase metal concentration in soils. However, it is not 
certain if these studies used similar types of fertilizers 
containing similar proportions of heavy metals. It is also 
not clear what type of soils were used in both experiments. 
It is evident that investigations into possible pollution of 
soils by fertilizers with heavy metals are dependent on 
several factors including but not limited to the origin of 
fertilizer, type of fertilizer, type of soil, and soil pH. Thus, it 
becomes difficult to extrapolate data across different 
environments, hence necessitating that studies be carried 
out for every particular locale such as the Gaborone 
environs in Botswana. 
 
Effect of organic fertilizers on heavy metal 
accumulation in soils and plants 
 
Organic matter has an important role in controlling the 
mobility of heavy metals in soils. It may decrease the 
available concentrations of heavy metals in soils by 
precipitation, adsorption or complexation processes 
(Bernal et al., 2007). Organic matter lowers the uptake of 
heavy metals by plants, as shown by Sampanpanish and 
Pongpaladisai (2011), who studied the effects of organic 
fertilizer on cadmium uptake by rice grown in 
contaminated soil. Their results revealed that Cd uptake 
by both above and below ground parts of rice cropped in 
soil with organic fertilizer was lower than that without 
organic fertilizer. Similar results had been earlier reported 
by Agelova et al. (2010) who conducted a comparative 
research on the impact of organic soil additives (peat, 
compost and vermi compost) on the quantity of mobile 
forms of Pb, Zn, Cd, and Cu and their uptake by potato 
(Solanum tuberosum L.) plants. Organic amendments led 
to an effective immobilization of Pb, Cu, Zn and Cd phyto 
accessible forms in soil and decreased heavy metal 
content in the potato peel and tubers. 
 
On the other hand organic matter, depending on its 
source, can contribute to the accumulation of heavy metal 
in soil. Wu et al. (2013) found that use of farm manure 
contributed to the accumulation of heavy metals in 
vegetable gardens; they further stated that the use of 
manure as the main source of plant nutrients could 
increase heavy metal content soil. The same results were 
recorded by Ramadan and Al-Ashkar (2007), whereby 
use of 100% and 75% chicken manure led to 
accumulation of Pb and Fe in soil and in tomato organs 
(roots and stems).  Heavy metals concentration in farm 
manure is said to owe much to the intensification of animal 
husbandry that led to the use of feed additives such as 
heavy metals and that of veterinary antibiotics to control 
animal diseases in all classes of livestock including 
poultry. However accumulation is usually mostly in 
surface soils, and this can have detrimental effects on 
most plant species (Wu et al., 2013).  
 
In Botswana, few known studies regarding the effect of 
organic matter on heavy metal accumulation have been 
carried out (Nkegbe, 2005). The study by Nkegbe (2005) 

assessed heavy metal composition in Glen Valley dry 
sludge and found that all the metals were within ranges 
expected for sludge use and disposal of municipal 
wastewater sludge. Besides the use of sludge, (which is 
not permitted for vegetable production in Botswana), the 
most commonly used form of organic matter is chicken 
manure. Thus it would be useful to study properties of 
soils amended with chicken manure. But whether such 
soils have high concentration of heavy metals such as Cu, 
Ni, Zn Pb, Cr and Cd will be dependent of the quality of 
the diet that was fed to the chicken. Therefore, studies on 
the quality of chicken feed with respect to contents of 
heavy metals are also required. 
 
Effect of irrigation with wastewater on heavy metal 
accumulation in soils and plants 
 
Besides inorganic and organic fertilizers, wastewater is 
also commonly used in urban and peri-urban agriculture, 
especially in semi-arid to arid areas of the world where 
good quality water is in short supply. However, the use of 
wastewater enriches soils with heavy metals to 
concentrations that may pose environmental and health 
risks in the long term (Behbahaninia et al., 2010; Galavi et 
al., 2010; Ta’any et al., 2013). Abedi-Koupai et al. (2006) 
conducted a study on Aridisols, using sugar beet, maize 
and sunflower to determine the effect of treated 
wastewater on soil chemical and physical properties. 
Their findings showed a significantly increased 
concentration of Pb, Mn, Ni, and Co in the soil. Similar 
results were obtained by Kalavrouziotis et al. (2009) using 
treated wastewater for irrigation of Brassica oleracea; they 
reported accumulation of Cd, Pb, and Zn in both soil and 
plants, especially in the edible plant parts. However, 
Ta’any et al. (2013), investigating the appropriateness of 
treated wastewater for cultivation of salt-tolerant fodder 
plants (Tamarix sativa, Medicago sativa, Pennisetum 
glaucum and Atriplex hallimus), reported an insignificant 
accumulation of heavy metals in irrigated soils and plants, 
although the irrigation wastewater had a metal 
concentration above Jordanian maximum permissible 
limits. 
 
In Botswana, the use of wastewater in agriculture is 
relatively recent. Hence, few studies on the effects of 
irrigation with treated wastewater on heavy metal 
accumulation have been conducted. Emongor et al. 
(2005) reported lower levels of heavy metal content in the 
treated wastewater than the recommended limits by FAO 
and the Botswana government guidelines for irrigation 
water quality. Even though heavy metal concentration is 
lower in treated wastewater compared to the 
recommended limits, a potential for buildup was shown in 
a study by Aganga et al. (2005), whereby soil analyzed 
exhibited relatively high levels of heavy metals compared 
to the treated sewage effluent used for irrigation. This 
buildup can clearly pose a threat in the long term. Dikinya 
and Areola (2009) assessed heavy metal concentration in 
soils in Glen Valley irrigated with treated wastewater, 
cultivated to different crops such as maize, spinach, olive 
and tomatoes. The results revealed that wastewater 
irrigated soils had higher levels of Cd, Ni and Cu 
compared to the FAO heavy metal threshold values for 
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crop production. Mercury, Pb and Zn were lower than the 
maximum threshold values recommended for crop 
production. A striking result from the study by Dikinya and 
Areola (2009) was the finding that heavy metal 
concentrations, with the exception of Cd and Hg, from 
soils of control sites were higher than on the cultivated 
plots. This prompted them to speculate that the uptake of 
some of the metals by plants under irrigation had been 
high and as a result significantly lowered the metal 
concentration in the soils. Studies conducted in Botswana 
using treated wastewater have not investigated the 
bioavailability of these heavy metals, their potential to 
contaminate the food chain, and their concentration in 
crops. Therefore a comprehensive analysis of heavy 
metals in both soil and crops to assess the risk posed to 
both human and animal health would be worthwhile. 
 
Effect of pesticides on heavy metal accumulation in 
soils and plants 
 
Several heavy metal based pesticides are used to control 
diseases of grains, fruits and vegetables and form 
therefore, a source of heavy metal pollution of the soil. 
Aoyama and Tanaka (2013) reported that surface soils of 
apple orchards in Japan were polluted with Cu, Pb and As 
due to long term use of metal based pesticides. A similar 
study by Chiroma et al. (2007) also reported high 
accumulation of Cd, Pb and Cu in leaves of two species 
of spinach (maroon and green) treated with pesticides 
(DELVAP 1000 EC) compared to untreated ones. The 
levels of Cd, Pb and Cu in leaves of maroon spinach 
treated with pesticides were respectively 6.8, 1.4 and 18.6 
times higher than the maximum tolerable levels in plants 
of 30µg/g (Cd), 300 µg/g (Pb), and 100 µg/g (Cu). In green 
spinach treated with pesticides the levels of Cd and Cu in 
leaves were respectively 4.9 and 14.7 times higher than 
maximum tolerable levels. 
 
Even though there is a high use of pesticides in vegetable 
production in UPA land use systems in Botswana, limited 
information is available concerning heavy metal 
accumulation in soils where pesticides are used (Obopile 
et al., 2008; Gobusamang et al., 2012). Lack of such 
information necessitates research on the impact of metal-
based pesticides on the quality of the vegetable produce 
coming from UPA.  
 
Uptake and accumulation of heavy metals in 
vegetables 
 
Plants have the ability to absorb heavy metals from the 
environment (soil, water and air). Hence, the mobilisation 
of different trace elements at toxic levels in the 
environment can result in accumulation of these pollutants 
in the food chain. In contamination of soils by metals, soil 
to plant transfer of heavy metals is the major pathway to 
human exposure (Cui et al., 2004). Heavy metals are 
mostly transported via the plant roots through solute 
movement, mass flow and diffusion. Plant uptake of 
mobile ions present in the soil solution is largely 
dependent on the total quantity of the ions (Abdu et al., 
2011). Roots may modify movement of heavy metals in 
the soils by producing root exudates that form complexes 

and chelates with metal ions. Uptake of metals by plants 
differs depending on the source, for example, from bio-
solids and soluble salts (Silveira et al., 2002). When 
metals are added to soil as soluble salts, a linear response 
is anticipated, that is, as the concentration of the metal 
increases in the soil, there is a corresponding increase in 
the metal concentration in plants. This was confirmed by 
Intawongse (2007), who performed a study on uptake of 
heavy metals by vegetables grown on contaminated soils 
(Cr, Cd, Mn, Fe, Ni, Cu, Zn, Mo and Pb) using  lettuce, 
spinach, radish and carrot as test crops.  Results of that 
study revealed that, with the exception of Cr, metal 
concentration (Cd, Mn, Fe, Ni, Cu, Zn, Mo and Pb) in 
lettuce, spinach, carrot and radish depended on the 
concentration of the (total) metal in the soils in which the 
plants were grown, that is, accumulated metal contents in 
the plants were increased when higher levels of metal 
contamination in the soils were applied. This result 
confirmed the theory by Silveira et al. (2002) that a linear 
response is expected when soluble salts are added to 
soils.  
 
Silveira et al. (2002) also showed that bio-solids could 
prevent excessive metal uptake by plants. This protective 
mechanism was attributed to the presence of adsorptive 
materials in the bio-solid such as organic matter and 
amorphous iron oxides.  Therefore, when soils are low in 
organic matter and the added fertilizers are inorganic in 
nature, the concentration of metallic and metalloid ions 
can be expected to be higher in both soils and plants.  
Although worldwide many studies (Intawongse, 2007; 
Huong et al., 2010; Abdu et al., 2011; Akan et al., 2013) 
have assessed the concentration of heavy metals in soils 
and their uptake by plants, very few have been conducted 
in Botswana where soils are low in organic matter and 
have slightly acidic to acidic pH values (Kayombo et al., 
2005; Pule-Meulenberg et al., 2005). A study by Lacatusu 
and Lacatusu (2008) conducted in Romania showed that 
the quality of vegetables and fruits from crops grown in 
polluted soils was directly proportional to the 
concentration of the pollutant. Results from that study 
indicated concentrations of Cd and Pb that exceeded 
maximum allowable limits up to 2.5 times and 11 times 
respectively (in root vegetables of carrots, radish and 
potatoes). In leafy vegetables (lettuce, parsely, dill), Cd 
and Pb were 7 times and 17 times respectively higher than 
maximum allowable limits. 
 
Uptake of heavy metals by vegetable crops grown in UPA 
farms has not widely been studied in Botswana. The few 
studies conducted were in Glen Valley, an area where all 
farmers irrigate using treated sewage effluent. For 
example, Adekanmi (2010) compared the uptake of Cr 
and Ni in tomato plants irrigated with treated wastewater 
on soils amended with sludge, with uptake in plants 
irrigated with tap water on sludge absent soils. Results 
from that study showed that accumulation of Cr in tomato 
leaves and fruits increased as the pH of treated 
wastewater increased from slightly acidic (pH 5.0 to pH 
6.0) to a neutral pH of 7.0. The FAO permissible limits for 
effluent quality for Cr were exceeded as a result of 
irrigation with treated wastewater and the use of sludge 
amended soil for tomato production. For Ni, neither the 
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FAO permissible limits nor the Botswana Bureau of 
Standards effluent quality limits for Ni were exceeded.  
 
From the studies described, it is clear that crops grown 
from contaminated soil accumulate metals in their tissues, 
and that crops differ in their heavy metal uptake and 
accumulation. It is strongly suggested that  these kind of 
studies be repeated in Botswana and investigate different 
heavy metals and vegetables to establish their uptakes so 
that health precautions could be taken if required. 
 
Bioavailability of heavy metals in soils   
  
It is generally accepted that total metal content in soils is 
not a good indicator of toxicity risk to plants or humans. 
Only a portion of the total quantity of pollutant present in 
soil is potentially available for uptake by organisms. This 
phenomenon is referred to as biological availability 
(bioavailability) of a chemical (Kim et al., 2009). 
Bioavailability is defined as the fraction of a contaminant 
in a particular environmental matrix that is absorbed by an 
organism via a specific exposure route (Kim et al., 2009).  
Another generally accepted definition of bioavailability is 
the fraction of the total amount of chemical present in a 
specific environment compartment, that within a given 
time frame, is either available or can be made available 
for uptake by (micro) organisms or plants or by ingestion 
of food (Peijnenburg and Jager, 2003). Heavy metals in 
soil may be found in one or more of the following forms: 
dissolved (in soil solution), exchangeable (organic and 
inorganic components), as structural components of the 
lattices of soil minerals and as insoluble precipitates (such 
as carbonates) with other soil components (Aydinalp and 
Marinova, 2003). Dissolved and exchangeable forms are 
readily available to plants while the other two are 
potentially available in the longer term. Heavy metals and 
metalloids can be involved in a series of complex chemical 
and biological interactions. In their water soluble, 
exchangeable and carbonate fractions, heavy metals 
exhibit great mobility and bioavailability (Huong et al., 
2010). Metal toxicity and availability are closely related to 
their fraction in bioavailable form (Kim et al., 2009).  
 
The bioavailability of metals in soils depends on their form 
and concentration in the parent material and their input 
through fertilizers, sewage sludge and atmospheric 
deposition (Modaihsh et al., 2004). Bioavailability is also 
affected by leaching processes, adsorption and 
desorption from the solid phase and mineralization of the 
organic matter. Bioavailability of heavy metals will 
subsequently be controlled by a number of soil properties 
which regulate these processes such as low pH and low 
organic matter. Due to prevailing environmental 
conditions, levels of organic matter in most soils in 
Botswana are low which may enhance the bioavailability 
of heavy metals and metalloids. Large soil particle size 
can also result in greater bioavailability of metals by 
reducing adsorption and increasing dissolved metal 
contents. The majority of soils in Botswana are sandy, with 
large particle sizes (Kayombo et al., 2005; Pule-
Meulenberg et al., 2005). Other influential soil properties 
include pH, organic matter content, cation exchange 

capacity, redox conditions, the presence of hydroxides 
and other ions.  
 
Soil pH 
 
Hydrogen ion activity (pH) is one of the most important 
factors governing metal speciation, solubility from mineral 
surfaces, transport and eventual bioavailability of metals 
in aqueous solution (John and Leventhal, 1995). Soil pH 
affects both solubility of metal hydroxide minerals and 
adsorption – desorption processes.  Many researchers 
have shown that soil pH has a large effect on metal 
bioavailability. Evans et al. (1995) investigated the role of 
changes in pH to the content of soluble Cd, Co, Cr, Cu, 
Pb, Ni and Zn in soils to which sewage sludge had been 
applied. The results showed that for all the metals, their 
contents in soils increased markedly as the pH decreased 
below pH 5. In another study, Porizovsky and Tsadilas 
(2003) conducted a study to determine lead (Pb2+) 
sorption by an Alfisol and zeolite at different pH values (pH 
3, 4, and 5) to establish the relationship between the 
amount of Pb retained and ions displaced from the soil 
into the solution. They found that higher pH enhanced 
sorption of lead and that retention of lead by soil was 
accompanied by displacement of both Ca2+ and H+ 

cations. 
 
Soil organic matter 
 
Soil organic matter (SOM) is an important component of 
the soil since it has a high surface area, and has functional 
groups that are Lewis bases (e.g. carboxyl and phenol 
groups) with which metals can form chemical bonds 
(Strawn and Sparks, 2000). Soil organic matter can be of 
plant, animal or microbial origin and may be relatively 
fresh or highly decomposed and transformed. Organic 
matter improves the physical properties of soil through the 
stabilization of soil aggregates resulting in better aeration 
of the soil and better water retention. Chemically, organic 
matter increases the overall negative charge and thus 
adsorption sites (cation exchange) of the soil. It tends to 
be highly reactive toward ionic and polar contaminants 
because ionisable functional groups within organic matter 
(e.g. carboxylate, phenolics, amino and phosphate 
groups) have a tendency of binding metal ions and 
forming complexes (Levonmäki et al., 2006). Therefore 
organic amendments can decrease heavy metal 
bioavailability, shifting them from ‘‘plant available’’ forms 
to fractions associated with SOM, carbonates or metal 
oxides. 
 
Several studies have investigated the influence of SOM 
content on metal mobility and bioavailability. Schaecke et 
al. (2002) evaluated biosolid application rates (equivalent 
82-330 ton ha-1 dry matter) incorporated in 0-0.25 m depth 
of a Chernozem. This investigation aimed to study the fate 
of heavy metals Zn, Cd, Cu, Ni, Pb, and Cr, and to 
determine their concentration in the soil fractions. Eleven 
years after the last application, metals supplied with the 
sludge had moved 50 cm in depth. Their results showed 
that the concentrations of Zn, Cd, Cu, Ni, and Cr in the 
saturation extract of the sampled horizons were partly 
linked to the dissolved organic carbon movement in the 
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soil. Alamgir et al. (2011) investigated the effect of farm 
yard manure on Cd and Pb absorption by Amaranthus 
oleracea L plants. Their results showed that application of 
farm yard manure in soil significantly decreased Cd and 
Pb content in Amaranthus oleracea. Similarly, Sklodowski 
et al. (2006) reported decreased bioavailability of Cd, Pb 
and Zn to plants with an increase of the amendment 
dosage of organic matter from brown coal. The objective 
of their study was to prove the feasibility of using brown 
coal-derived preparations for reducing bioavailability of 
cadmium, lead and zinc to higher plants.  
 
Cation exchange capacity 
 
Cation exchange capacity  (CEC) is defined as the sum 
total of the exchangeable cations that a soil can adsorb 
(Brady and Weil, 1999).  Cation exchange capacity is 
directly related to the soils’ capacity to adsorb heavy 
metals. A greater CEC value means that more exchange 
sites on soil minerals are available for metal retention. 
Thus, soils with high clay content such as the Vertisols of 
Glen Valley in Botswana have a high potential to adsorb 
heavy metals due to their high overall negative charge of 
montmorillonitic clay. However, the presence of 
competitive cations can affect metal adsorption in soils. 
For instance, Ca2+ competes effectively with cationic 
heavy metals for adsorption sites.  
 
Redox conditions 
 
Redox is a short term for a reduction-oxidation reaction, 
the process involving the flow of electrons from a reducing 
agent (reductant) to an oxidizing agent (oxidant). Soil 
redox potential can influence the solubility of heavy 
metals. When conditions are oxidative, the solubility of 
heavy metals increases with decreasing pH (Schaecke et 
al., 2002). But, in reducing conditions such as when the 
soil is waterlogged, the solubility of Zn, Cu, Cd, and Pb is 
higher in alkaline pH values, as a result of the formation 
of stable soluble organomineral complexes. Gambrell et 
al. (1991) studied the effects of pH, redox potential and 
salinity on metal release from contaminated sediment. 
Their results indicated that substantial amounts of Cd and 
Zn were released under moderately acidic, oxidizing 
conditions, while under a slightly basic, strongly anaerobic 
environment, the metals were immobilized. It is therefore 
important to study heavy metal mobility and bioavailability 
in places that are irrigated. Depending on the amount of 
water added to the soil, prevailing conditions could be 
either reducing or oxidating with associated increases or 
decreases in heavy metal solubility. 
 
Sesquioxides 
 
The oxides of Fe, Mn and Al, which are commonly referred 
to as sesquioxides (hydrous oxides) play an important role 
in the chemical behaviour of metals in soils. They affect 
metal availability in soils mainly by specific adsorption to 
surface hydroxyl groups, by non-specific adsorption 
(exchange) and by preciptation as the discrete metal 
oxide or hydroxide (Reichman, 2002).  
Silveira et al. (2002) studied Cu adsorption in surface (0– 
0.2 m) and subsurface samples of three soils (a heavy 

clayey textured anionic Acrudox, a medium textured 
anionic "xanthic" Acrudox and a rhodic Hapludalf), before 
and after the removal of organic matter and/or iron oxides. 
When soil pH was below the zero point charge, the 
removal of iron oxides increased the retention of Cu, more 
likely because of a reduction in the repulsion forces 
between the positively charged surface and the metal. 
 
CONCLUSIONS 
 
This review was undertaken to address the lack of 
information on the effect of the application of 
agrochemicals and the use of treated sewage effluent on 
the accumulation of heavy metals in UPA soils. Such 
information has a direct bearing on the health risks to 
consumers of agricultural produce from such soils. A 
review of literature has shown that different types of 
fertilizers contain some quantities of heavy metals and 
that continuous application may lead to a buildup in the 
soil as well as uptake by crops. Furthermore, organic soil 
amendments such as sewage sludge and animal manures 
could also contain some quantities of heavy metals, their 
concentration in animal manures being dependent on the 
quality of feedstuff. Hence the need to investigate the 
effect of organic soil amendments on the bioavailability of 
heavy metals in various soil types of Botswana. In addition 
to using fertilizers, the use of treated and sometimes 
partially treated and untreated wastewater by UPA 
farmers around Gaborone is common practice. However, 
the bioavailability of heavy metals and the potential to 
contaminate the food chain resulting from the use of 
wastewater has not systematically been studied in 
Botswana. Therefore, a comprehensive analysis of trace 
element levels in both soils and crops to assess the risk 
posed to both human and animal health would be 
worthwhile. There is also limited information available 
concerning heavy metal accumulation in soils where 
pesticides are used, even though there is a high use of 
pesticides in vegetable production in UPA land use 
systems. Lack of such information necessitates research 
on the impact of metal-based pesticides on the quality of 
the vegetable produce coming from UPA.  In conclusion, 
there is need to profile heavy metal background levels 
under UPA farming systems in Botswana. 
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