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ABSTRACT  
 
The study was carried out to determine the concentration levels of mercury (Hg), lead 

(Pb), cadmium (Cd), chromium (Cr), nickel (Ni) and zinc (Zn) in water, soil, witbuffels 

grass and meat of goats reared along the river banks of Middle Olifants (Mogalatsana 

village) and Mogalakwena (Papegaai village) rivers. The samples were collected from 

the river water, soils along the river banks, grass grown along the river banks and male 

Pedi goats reared in Mogalatsana and Papegaai villages. The samples were analysed 

for the selected heavy metals with an inductively coupled plasma mass spectroscopy 

(ICP-MS). Data was analysed as in a complete randomised design. The results of 

selected heavy metals in water of both rivers ranged from 0.00 mg/litre of water (Ni 

and Cr) to 0.04 mg/litre of water (Hg). The concentration levels of selected heavy 

metals in water were similar (P>0.05) for Middle Olifants and Mogalakwena rivers. The 

concentration levels of selected heavy metals in the soils along the banks of Middle 

Olifants and Mogalakwena rivers ranged from 0.00 mg/kg DM soil (Hg and Cd) to 

63.70 mg/kg DM soil (Cr).  There were similar (P>0.05) concentration levels of 

selected heavy metals in the soils along the banks of Middle Olifants and 

Mogalakwena rivers. Heavy metal concentration levels in the witbuffels grass grown 

along the banks of Middle Olifants and Mogalakwena rivers ranged from 0.00 mg/kg 

DM of grass (Hg and Cd) to 5.05 mg/kg DM of grass (Zn). Similar (P>0.05) 

concentrations of selected heavy metals were observed in witbuffels grass grown 

along the banks of Middle Olifants and Mogalakwena rivers. However, the 

concentration levels of Zn, Pb and Cd in water from both sites were above 

internationally maximum permissible levels, indicating that the water from these rivers 

was not safe for drinking by humans and animals. The concentration levels of Ni and 

Pb in soils from both sites were above internationally recommended maximum 

permissible limits. Similarly, chromium concentration levels in witbuffels grass from 

both sites were above the recommended maximum permissible limits for livestock, 

indicating that the grass was not safe for consumption by livestock. It is recommended 

that further studies be conducted to ascertain these findings. 

Blood, liver, kidney and meat samples of yearling male Pedi goats grazing along the 

banks of Middle Olifants river (Mogalatsana village) had similar (P>0.05) Cr, Cd, Hg, 

Ni and Pb concentration levels, respectively. However, goat liver samples had higher 

(P<0.05) Zn concentrations than meat, kidney and blood samples. Samples of goat 
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meat contained higher (P<0.05) Zn concentrations than those of kidneys and blood. 

Similarly, goat kidney samples contained more (P<0.05) Zn than blood samples. 

Blood, liver, kidney and meat samples of Pedi goats grazing along the banks of 

Mogalakwena river (Papegaai village) contained similar (P>0.05) concentration levels 

of Cr, Cd, Hg, Ni and Pb, respectively. However, goat meat samples contained higher 

(P<0.05) Zn concentrations than liver, kidney and blood samples. Samples of goat 

liver contained higher (P<0.05) Zn concentration levels than kidney and blood 

samples. Similarly, goat kidney samples contained more (P<0.05) Zn than blood 

samples.  

Meat, blood, liver and kidney samples of male Pedi goats raised in Mogalatsana and 

Papegaai villages had similar (P>0.05) chromium, cadmium, mercury, nickel and lead 

concentrations, respectively. However, liver and kidney samples of goats from 

Mogalatsana village had higher (P<0.05) zinc levels than those from Papegaai village. 

Blood and meat samples of goats from Papegaai village had higher (P<0.05) zinc 

levels than those from Mogalatsana village. The concentration levels of Zn, Ni, Pb, Cr 

and Cd in the blood, liver, kidney and meat samples of male Pedi goats reared along 

the banks of Middle Olifants and Mogalakwena rivers were within the maximum 

permissible levels for human consumption. Mercury concentration levels in liver, 

kidney and meat samples of the goats were within the maximum permissible levels for 

human consumption. However, mercury concentration levels in the blood of goats 

grazing along the banks of Middle Olifants and Mogalakwena rivers were above the 

maximum permissible limit of 0.2 mg/litre of blood. It was concluded that meat, livers 

and kidneys of the goats were fit for human consumption. However, blood from these 

goats was not fit for human consumption. 
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1.1 Background 
 
Goat production plays a valuable role in poverty alleviation, empowerment, cultural 

purposes and food security in small-holder households in rural areas of Limpopo 

province (Ng’ambi et al., 2013; Dasbasi et al., 2016). Many of these goats in Limpopo 

province are of Pedi breed. Many of these goats depend on water and communal 

natural pastures along the Middle Olifants basin for their nutrient requirements 

(Ng’ambi et al., 2013). Unfortunately, the Olifants river is one of the most polluted river 

systems in South Africa (Heath et al., 2010; Ashton and Dabrowski, 2011; Oberholster 

et al., 2012). The river receives wastes from anthropogenic activities such as mines, 

industries, and agriculture (Oberholster et al., 2010; Ashton and Dabrowski, 2011). 

Thus, animals depending on this polluted water system may end up being polluted 

with the heavy metals found in the water and pastures (Alonso et al., 2002; Alexandre 

et al., 2010).  

1.2 Problem statement  
 

Limpopo province is one of the provinces in South Africa with high percentage of 

mining, industrial and agricultural activities which are major sources of heavy metal 

pollution (Hobbs et al., 2008; Dabrowski et al., 2008; Ashton and Dabrowski, 2011). 

Most heavy metals constitute serious environmental problems. Animals that graze on 

such contaminated pastures and drink such polluted water accumulate metals in their 

bodies (Jabeen et al., 2012). These elements tend to bio-accumulative, increasingly 

in meat tissues and organs of animals, especially the liver and kidneys (Adelekon and 

Abegunde, 2011). People eating contaminated meat may have higher levels of heavy 

metals in their bodies (Harmanescu et al., 2011). Thus, consumption of such meat 

may lead to lung cancer, high blood pressure, gastrointestinal cancer, and kidney and 

bone problems in humans (Demirezen and Uruç, 2006). Heavy metals are poorly lost 

in the food chain, which enables them to settle down, transferred and magnified (Mann 

et al., 2011). High levels of metals such as lead (Pb), zinc (Zn), mercury (Hg) and 

chromium (Cr) have been found in Olifants river water (Grobler et al., 1994; Dabrowski 

et al., 2008). Studies of the Olifants river water indicate heavy metal accumulation 

(Coetzee et al., 2002; Jooste et al., 2014). However, information on the levels of heavy 

metals in meat tissues of yearling Pedi goats reared along Middle Olifants river 

catchment area is unknown. Thus, there is a need to determine their levels in meat 
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tissues from such goats. There is also needed to determine heavy metal levels in 

pastures grown along the river. 

1.3 Justification 
 

This study will provide useful information on the levels of selected metals in water, soil, 

pastures, and meat tissues of yearling Pedi goats reared along the banks of Middle 

Olifants river. Such information on Pedi goats reared along the Middle Olifants river 

catchment is unknown. There is a need to monitor the levels of heavy metals in meat 

tissues of Pedi goats to ensure that levels do not reach fatal points in tissues and 

organs of the goats. Pedi goats are the common sources of meat and milk for small-

holder farmers in rural areas. Data from this study will help the government of South 

Africa and other stakeholders to develop strategies for reducing wastes from 

anthropogenic activities. It will, also, help in environmental assessment and monitoring 

of pollutants. There are health issues associated with consumption of meat high in 

heavy metals (Mitsch and Wise, 1998). It is, therefore, important to determine heavy 

metal levels in Pedi goats grazing along Middle Olifants river catchment area. 

1.4 Aim 
  
The study aimed at assessing the levels of heavy metals in water, soil, pastures, and 

meat tissues of yearling Pedi goats reared along the Middle Olifants and Mogalakwena 

riverbanks. 

 1.5 Objectives  
 

The objectives of this study were to determine: 

i. the levels of lead, mercury, zinc, cadmium, nickel and chromium in water, soil 

and pastures growing along the Middle Olifants and Mogalakwena riverbanks. 

ii. the levels of lead, mercury, zinc, cadmium, nickel, and chromium in meat tissues 

of yearling Pedi goats reared along the Middle Olifants and Mogalakwena 

riverbanks 

1.6 Hypotheses 
 
The hypotheses of the study were as follows: 

i. There are low levels of Pb, Hg, Zn, Cd, Ni and Cr in water, soil and pastures 

growing along the Middle Olifants and Mogalakwena riverbanks. 
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ii. There are low levels of Pb, Hg, Zn, Cd, Ni and Cr in meat tissues of yearling Pedi 

goats reared along the Middle Olifants and Mogalakwena riverbanks. 
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2.1 Introduction 

Goats (Capra hircus) are widely distributed around the world (Devendra, 2010). Goats 

represent one of the earliest species to be domesticated by man (Casey et al., 2003; 

Aziz, 2010). They were originally domesticated in southwest Asia, thereafter, quickly 

moved into Africa (Devendra, 2006; 2010). Domesticated goats derived from wild goat 

(Devendra, 2006). There has been a rapid spread of domestic goats worldwide 

because of various activities and they are true friends to the rural families of Sub-

Saharan Africa (Peacock, 1996; Clutton-Brock, 2000). They are known to be 

productive and resilient with wide ecological adaptation (Casey and Webb, 2010). 

Goats in rural areas depend on communal natural pastures and river or borehole water 

for their nutrient requirements (Ng’ambi et al., 2013). In South Africa, 50% of the 

indigenous goat population is kept under small-scale conditions (Ng’ambi et al., 2013). 

Hence, they are mostly found in the communal districts of the Limpopo, Eastern Cape, 

North West, and KwaZulu Natal provinces (Morrison, 2007; DAFF, 2012). 

2.2 Indigenous goat production  

Goats are multipurpose breeds, and their production systems differ in terms of feeding, 

breeding, and housing due to factors such as climate, needs of the owner, standard 

of living and the level of infrastructure or technology available (Peacock, 1996). 

Indigenous goats are commonly found in small-scale production systems in the 

communal areas (Lebbie and Ramsay, 1999). Most of the communal goats are kept 

under the extensive system of management with free-ranging and herding as the main 

management system (Rumosa Gwaze, 2009). Keeping of goats plays a significant role 

in poverty alleviation, ensuring food security and economic status of rural dwellers and 

they used in controlling bush encroachment (Ng’ambi et al., 2013; Dasbasi et al., 

2016).  They are herded or set free during the day and penned at night. These animals 

utilize feedstuffs from natural pastures like Urochloa mosambecencis and drink water 

from river basins or boreholes (Ng’ambi et al., 2013). Indigenous goats are drought 

tolerant and can withstand and adapt well to adverse harsh conditions with nutritional 

constraints (Morand-Fehr et al., 2004). 

Pedi goats play an important role in the livelihood of rural people in communal areas 

of Limpopo province (Ng’ambi et al., 2013). The name Pedi goat breed is derived from 

Bapedi people of South Africa (Dagris, 2007). Goats support subsistence farming 
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because they supply meat, milk, skin, horns, and cash to the farmers (Ng’ambi et al., 

2013). They, also, provide an additional broad range of socio-economic services such 

as dowry and used in cultural benefits (Peacock, 1996). Shackleton et al. (2001) found 

that 61.5% of households in communal areas used goats in ceremonies, mostly in 

Eastern Cape and Limpopo provinces of South Africa. However, goats are regularly 

discriminated against and neglected by a large part of the human population for their 

destructive behaviour with regards to forestry care (Devendra, 2006). 

2.3 Indigenous Pedi goats of South Africa 

South African indigenous goats are of three distinct types, namely, Pedi goats, Nguni 

goats and Xhosa lop ear ecotypes (DAFF, 2012). These types of goats are normally 

termed according to the tribe that owns them (Morrison, 2007). Hence, 83% of South 

African indigenous goats are mostly found in the regions of the Limpopo, Eastern 

Cape, Northwest, and KwaZulu Natal provinces. The remaining 17% are scattered 

among the remaining other five provinces (DAFF, 2012).  

2.3.1 Phenotypic characteristics of Pedi goats 

The physical appearance of the goat is a result of both genetic makeup and the 

environment (Hunter, 2009). Pedi goats are hollow-horned small ruminants. They have 

a small to medium frame size with short horns (Snyman, 2014). These animals are 

characterised by a variety of coat colour decorations and phenotypic traits such as 

small to medium-sized ears, hair type, horn length, and tail length (Snyman, 2014). 

According to Ben Salem and Smith (2008), their genetic separation has led to 

phenotypic variations, which can help in meeting future challenges in the environment. 

Pedi goats can efficiently survive on marginal land where crops don’t do well.  

2.3.2 Adaptive characteristics of Pedi goats 

The indigenous goats are well adapted to the local extensive farming systems, 

generally characterised by a little standard of management such as low inputs of 

labour and easy to manage (Rumosa Gwaze, 2009). Pedi goats can adapt to extreme 

environments and possess some unique adaptation traits because of physiological, 

morphological, behavioural, and genetic bases (Peacock, 1996). They are the most 

adaptable and geographically widespread livestock species (Dagris, 2007). They 

serve as a genetic reservoir for the identification of genes necessary for environmental 
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adaptation, improved productivity under local conditions and disease resistance 

(Peacock, 1996; Ben Salem and Smith, 2008). Their genes allow them to be hardy, 

survive difficult periods and tolerant to local parasites and diseases such as heart 

water (Miles, 2007). Their skin pigmentation and hooves had tolerated them to adapt 

well to harsh environments (Mohy El-Deen et al., 1985; Casey and Webb, 2010). 

Clutton-Brock (2000) observed that indigenous goats can walk for long distances in 

search of water and feed. Therefore, Pedi goats are easy to keep in comparison to 

other livestock species, hence, are well-adapted to limited forage and can utilize 

marginal land efficiently (Morand-Fehr et al., 2004). They are characterised by a 

unique adaptive mechanism which allows them to survive in different regions (Galal, 

2005). 

2.3.3 Reproductive characteristics of Pedi goats  

Indigenous goat flocks from different households and villages forage together across 

the grazing land (Peacock, 2005). This allows them to breed freely without any 

controlled breeding. They interbreed as a single flock in the veld (Peacock, 2005). 

According to Miles (2007), they mate all year round, are very fertile and reach early 

sexual maturity compared to most other breeds. Indigenous Pedi goats attain sexual 

maturity at the age of 7 months with the live body weight around 14 to 15 kg (Lehloenya 

et al., 2005). Furthermore, their age at first kidding ranges between 16-18 months 

(Lehloenya et al., 2007). Pedi goats have shorter gestation length, on average of 5-9 

months (Amoah et al., 1996). Webb and Mamabolo (2004) indicated that the average 

litter size of indigenous goats is twins per doe and two parturitions per year. Generally, 

inadequate nutrition adversely affects growth, age at puberty, oestrus, and prolonged 

parturition interval in goats (Stagg et al., 1995).  

2.3.4 Growth characteristics of Pedi goats 

Pedi goats have a small body frame and low meat yield with an average mature body 

weight of around 25-30 kg (Lehloenya et al., 2005). Their growth performance is 

generally slow because of poor genetic potential, disease and parasite challenges and 

low nutrition (Peacock, 1996; Miles, 2007). They grow slowly in nature (Lehloenya et 

al., 2007). Indigenous goats have a lower carcass weight (Webb and Mamabolo, 

2004). Sex of the Pedi goats has a significant impact on the growth of body tissues, 

usually, males attain puberty earlier than females (Warmington and Kirton, 1990). 
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Thus, their poor genetic potential for growth results in low meat and milk yield 

compared to other goat breeds (Smith et al., 1978).  

2.3.5 Carcass characteristics of Pedi goats 

The phenotypic and genotypic traits of Pedi goats affect carcass and meat quality 

(Casey and Webb, 2010). Goat meat is regarded as lean red meat with a convenient 

source of nutritional characteristics (Webb et al., 2005). Normally, carcases are 

classified based on meat colour and fat content as a class of carcass weight (Babiker 

et al., 1990). Webb et al. (2005) demonstrated that the dressing percentage of goat 

carcasses is smaller than that of sheep, mainly, due to low carcass fat content. Goats 

have low subcutaneous fat content with more muscle component, and they deposit 

high amounts of polyunsaturated fatty acids (Babiker et al., 1990; Tshabalala et al., 

2003). Casey et al. (2003) reported that the goat carcass fat deposit occurs later in the 

growth process. Ideal Pedi goat carcass weight varies between 12 and 15 kg, thus, 

older goats weigh more than 20 kg and are highly perceived as stingy, tough, and 

strongly flavoured (Webb et al., 2005; Casey and Webb, 2010). The goat meat has a 

rougher texture, darker red colour and different aroma and flavour (Simela et al., 

2004a, b). Webb et al. (2005) confirmed that good tenderness, taste, and flavour are 

generally expected from carcasses of young goats. 

2.4 Environmental consequences of mining on livestock production 

In South Africa, the anthropogenic sources such as mines, industries, agriculture, and 

municipal waste have been reported as main sources of environmental contamination 

(Batchelor and Engelbrecht, 1992; Ashton and Dabrowski, 2011). Indigenous goats 

that forage on such contaminated environment may accumulate heavy metals in their 

bodies (Jabeen et al., 2012). Environmental contamination with heavy metals is a 

serious threat because of their toxicity, bioaccumulation, and non-biodegradability (El-

Salam et al., 2013). To ascertain the safety of goat meat, it is important that the heavy 

metals concentration should not be above the acceptable levels (Table 2.1) for the 

animals (Jabeen et al., 2012). 
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Table 2.1 Maximum permissible levels of heavy metals in ruminants* 

Tissue types 
 

cadmium   chromium   lead     zinc       nickel       mercury 

    Blood (mg/L)             0.5             1.0            0.5         80        0.5           0.2 

    Liver (mg/kg)             0.5             1.0            0.5         80           2.0           0.2 

    Kidney (mg/kg)         1.0         1.0            0.5         80           2.0           0.2 

    Meat (mg/kg)            0.05            1.0            0.1         60           0.5           0.2 

 

The earth's crust is made of smaller quantities of rock-forming minerals (Lurie, 1977). 

Minerals have been used by humans for various purposes, for example, trading and 

economic purposes (Lurie, 1977). Minerals are extracted from the piles of earth crust 

through the surface and underground mining activities (Bloodworth et al., 2009). 

Mining is an activity with many conflicting issues. Its operations are normally 

recognised as environmentally and socially disruptive (Zhengfu et al., 2010). Mining 

and agriculture have been the key driving forces behind the South African economy 

(Masindi et al., 2015). Limpopo province is the largest mining province in South Africa 

because of its wide varieties of mineral deposits (Jeffrey, 2005a). The core mineral 

commodities exploited in Limpopo province are gold, diamonds, coal, iron, platinum, 

chromium, and copper (Peck and Sinding, 2003). The strength of the impact of mining 

depends on the commodity being mined and the mining methods (Bloodworth et al., 

2009).  

Despite the benefits of mining to the country’s economy, mining can have significant 

adverse environmental impacts (Hilson, 2006). Mining operations can result in the 

change of landscape, loss of biodiversity, and contamination of soil, groundwater, and 

surface water (Dudka and Adriano, 1997). Residents are, also, affected as the mining 

process is implemented, such as displacing them from their original locations (Mtegha 

et al., 2007). The effluents from mining harm surrounding human and livestock and 

crop production (Hilson, 2006). Thus, wastes from mining and industries persist in all 

parts of the environment.  

Water quality and animal well-being are major concerns when mining occurs (Peck 

and Sinding, 2003). Plant habitats and communities along the river margins can be 

directly or indirectly affected by toxic withdrawals from mining operation (NRC, 1999). 

 *    : Maximum permissible limits (FAO/WHO, 2007) 
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The body tissues can control some of these quantities of metals, under normal 

circumstances (Salem et al., 2000). However, higher concentrations of metals cause 

adverse effects if exposed to human and animal population (Simate and Ndlovu, 

2014). The impacts associated with mining has been a major concern over the years 

on livestock production and the destruction of livelihoods in Limpopo province (Peck 

and Sinding, 2003).  

2.4.1 Environmental contamination 

The surroundings within which humans live can be referred to as the environment 

(Dallas and Day, 2004). Contaminants can be naturally occurring compounds or 

foreign matter which when in contact with the environment cause adverse changes 

(Hobbs and Kennedy, 2011). These can be heavy metals, pesticides and effluents. 

The environment is comprised of the land, the water, the atmosphere, plant, and 

animal lives (Dallas and Day, 2004). Therefore, mining and urbanization have 

weakened the environment and their ability to foster life (Mosilova et al., 2016). The 

high levels of heavy metals in water, soil and pastures in Limpopo province have a 

significant impact on livestock production and crop production (Simate and Ndlovu, 

2014). The most significant concern is the river systems and the impact of water quality 

flowing downstream for domestic and agricultural use (Mitsch and Wise, 1998). 

National Research Council (1999) showed that mining from the river basin causes long 

term alteration to water quality and quantity. The upper Olifants river catchment area 

in South Africa has been polluted by mining, industrial and agricultural effluents (Heath 

et al., 2010; Ashton and Dabrowski 2011). The widespread heavy metal contamination 

has elevated public and scientific interest due to their toxic effects even at low 

concentrations (Mitsch and Wise, 1998). 

2.4.2 Land disturbance  

Mining often competes with other types of land use such as agriculture and residential 

land use (Hilson, 2002). During the mining operation, the arable topsoil will be 

disturbed, even long after reclamation (Aken et al., 2012). Bian et al. (2010) found that 

mining changes the local landscape significantly through the destruction of land 

resources and delaying the growth of vegetation. According to Zhengfu et al. (2010), 

coal mining has caused the destruction of the land followed by land desertification. 

The land surface that is plain without plants is exposed to various agents of erosion 
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(Van der Burgh, 2012). Mining operations directly or indirectly affect land use such as 

the production of livestock and crops, encouraging the topography failure causing the 

loss of water and plants (Zhengfu et al., 2010). Mining has been found to cause 

flooding of contaminants into the water system in Limpopo province (Jeffrey, 2005a).  

Mining can affect land use and become a danger to both animals and humans (Van 

der Burgh, 2012). Van der Burgh (2012) further reported a significant impact of mining 

on agricultural activities in general. Lin et al. (2010) indicated that the outflow of acid 

water from the mine can result in high levels of heavy metals in the soils and river 

water. These harm livestock and crop production. Contaminated soil results in 

pastures being contaminated with heavy metals (Zhengfu et al., 2010). This may result 

in animals being contaminated with heavy metals. Humans who consume such 

contaminated meat may, also, become contaminated with heavy metals (Lin et al., 

2010). 

2.4.3 Water quality 

Mining requires a large amount of clean water to operate and harms the amount of 

drinking water for humans and animals (Howard, 2016). Water use in mining may differ 

according to operations (Mavis, 2003). Therefore, freshwater ecosystems are most 

threatened ecosystems with river systems being polluted because of increasing 

anthropogenic activities (Ashton and Dabrowski, 2011). Natural water bodies create 

an important part of the landscape (Zhengfu et al., 2010). They have a specific 

ecological and socio-economic function for plants, animals, and humans (Schultze et 

al., 2010). Mining operations apply their effects to cause environmental contamination 

to freshwater bodies (Oberholster et al., 2010). Zhengfu et al. (2010) showed that the 

anthropogenic activities discharge metal-containing pollutants into the environment, 

subsequently increasing metal levels in the surface and ground water. 

South Africa’s surface and groundwater display changes in water quality (WRC, 2017). 

Toxic metals from mining operations find their way into the rivers, streams, and 

vegetation (Netshitungulwana and Yibas, 2012). The Olifants river in South Africa is 

one of the most polluted river systems due to mining, industrial and agricultural 

activities (Oberholster et al. 2010; Ashton and Dabrowski 2011). In this river, there 

were large fish kills in 2007 along with many crocodile deaths associated with heavy 

metals (De Villiers and Mkwelo, 2009; Ashton, 2010). Therefore, the outflow of acid 
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water from abandoned mines in the upper Olifants river catchment is resulting in the 

mobilization and accumulation of heavy metals in river systems (Netshitungulwana 

and Yibas, 2012).  

Limpopo province is a low rainfall region with few perennial rivers and dams (Howard 

et al., 2013). Thus, most of the population is dependent upon surface and groundwater 

for their existence (Howard et al., 2013). Livestock and people living in rural areas 

near the rivers may be exposed to harmful heavy metals. Contamination of water 

sources with heavy metals results in bioaccumulation of toxic metals across the food 

chain (Adeleken and Abegunde, 2011). 

2.4.4 Air quality  

Air pollution is also one of the major environmental impacts associated with mining 

and industrial activities. Air pollution can spread a lot faster than polluted water and 

can cover a larger area (Zhengfu et al., 2010). The air pollution from mines is mainly 

due to the emission of solid and liquid particles such as dust suspended in air 

(particulate matter) and gases such as methane and sulphur dioxide (Munnick, 2010). 

Releases of gaseous pollutants from mining are associated with the processing of 

large quantities of sulphur-containing minerals (Kaonga and Kgabi, 2009). Therefore, 

air pollution has been enhanced by particulate matters which are released through 

natural and anthropogenic activities (Munnick, 2010).  

In South Africa, thoughtless burning of coal is a problem where open-cast mining 

occurs (South African Coal Road Map, 2011). According to Aneja et al. (2012), surface 

mining generates air pollution, mainly through particulate matter and wind erosion of 

exposed areas. The coal of an abandoned mine in Witbank Coalfield has been 

undergoing spontaneous combustion over the years (SACRM, 2011). Thus, smoke 

released through unplanned burning is associated with negative effects on animals 

and human health through inhalation (Aneja et al., 2012). The inhalation of dirty dust 

consisting of a mixture of particles and droplets of heavy metals has been related to 

serious health problems in humans (Ventura et al., 2017). Heavy metal droplets in air 

can lead to health problems such as respiratory infections, premature mortality, 

cardiovascular diseases in animals and human beings (Ventura et al., 2017). 

Greenpeace (2008) found that air pollution caused by unplanned coal burnings 
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contributes to climate change and may cause acid rain. Thus, acid rain causes soil 

acidification and thereby contaminating water sources and plants (Greenpeace, 2008). 

2.5 Heavy metals in water, pastures, and livestock meat  

2.5.1 Heavy metals  

Living organisms are being exposed to various aspects and factors which hamper the 

habitat in which they live (Mosilova et al., 2016). Toxic heavy metals like Pb, Hg, Cd, 

Cr, Ni and Zn are an example. Heavy metals occur naturally in the crust of the earth 

having atomic weight and a high density greater than that of water (Zhang et al., 2011). 

These elements can conduct heat, electricity and are malleable, ductile, and even 

lustre in nature (Agency for Toxic Substances and Disease Registry, 2008). They are 

non-biodegradable and persistent in all parts of the environment (El-Salam et al., 

2013). The build-up of heavy metals in different environmental compartments leads to 

undesirable consequences for live organisms (Hobbs and Kennedy, 2011).  

Metals with a density of 5 g/cm3 cannot be destroyed, therefore, bioaccumulate in 

biological systems (Jabeen et al., 2012). Heavy metals are grouped into three groups: 

A, B, and borderline (International Agency for Research on Cancer, 2014). Group A 

metals prefer ligands containing oxygen (e.g., manganese and uranium). Group B 

elements prefer to form ligands with sulphur and nitrogen (e.g., zinc, lead, chromium, 

and nickel). Borderline elements are middle between group A and group B (e.g., 

mercury and cadmium) (IARC, 2014). These elements can originate from both 

anthropogenic and natural processes. Heavy metals of a public health concern to living 

organisms include Hg, Cd, Pb, Ni, Cr and Zn (IARC, 2014). They occur naturally in the 

environment in small quantities (Hobbs and Kennedy, 2011). However, some of these 

metals in small amounts are nutritionally essential for a healthy life (Jabeen et al., 

2012).  

2.5.2 Exposure pathways of heavy metals in the environment  

Heavy metals accumulate in various environmental compartments (soil, water, plants, 

and air) originating from both natural and anthropogenic processes (El-Salam et al., 

2013). Contamination of the environment with heavy metals poses a serious threat 

due to their toxicity, bioaccumulation and increasing in concentrations in the food chain 

(Mann et al., 2011). Food safety is an important public health concern. As indicated in 
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the diagram below (Figure 2.1) the discharges of heavy metals into the ecosystem 

occur through the range of processes and pathways (Pollard et al., 2014). Heavy 

metals at concentrations exceeding the recommended limit pose serious risks to 

ecosystems and human health (World Health Organization, 2011). Man-made 

processes promote heavy metal contamination through various activities. These 

activities release metals into the environment. Heavy metals cannot be destroyed, and 

they persist in the environment for years (El-Salam et al., 2013). Heavy metals in 

nature have a unique way of expressing themselves and follow definite pathways in 

the ecosystem as given in Fig.2.1 (Correll et al., 2004). 

People and animals are more susceptible to exposure of possibly harmful heavy 

metals in food, air, soil, and water (Zhang et al., 2011). The contact between the heavy 

metal, the animal and human body has caused increasing concern (Mosilova et al., 

2016). These elements can cause various biological and biochemical disorders 

(Hobbs and Kennedy, 2011). Water is an important resource for the sustainability of 

life and any pollution of water sources can be located to the environmental 

components (Schultze et al., 2010). Pastures take up heavy metals from contaminated 

soil and water. Leaves of plants serve as a diet for goats and other organisms. 

However, the effects of contaminants on the environment depend on the mobility and 

availability of each metal through environmental compartments and pathways (Grobler 

et al., 1994). 

2.5.3 Heavy metals in water  

Water is a vital medium for the transport of metals. Heavy metals are natural 

constituents of the piles of earth crust and are normally found at low concentrations in 

surface and groundwater (Zhang et al., 2011). Heavy metals are transported by runoff 

from man-made activities. These elements end up accumulating in the water and 

sediments (Oberholster et al., 2012). The presence of heavy metals in water degrades 

their quality, which affects all live organisms (Department of Water Affairs and 

Forestry, 1996). Goats are prone to hazards of contamination originating from man-

made activities (Correll et al., 2004). Humans eating such contaminated meat are 

liable to severe health problems due to increasing concentrations of heavy metals in 

their bodies (Du Preez et al., 2003). The Olifants river, a tributary of the Limpopo river, 

is one of the most polluted river systems in South Africa (Oberholster et al., 2010). 

This river passes through the urban and rural areas until it joins the Limpopo river. 
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Anthropogenic activities e.g., mining, 

industrial and agriculture 

Pollutant releasing metals e.g., leaching, 

erosion 

Underground and surface water 

       Pollutant releasing metals 

Soil and plants  

        

Exposure pathway e.g., food intake, 

water consumption and ingestion 

Human system  

      

Health effects  

 
Fig.2.1 Simplified diagrammatic representative pathways of heavy metals in the food 

chain (Source: Correll et al., 2004) 

 

All species have tolerance limits which vary from one species to another (du Preez et 

al., 2003). DWAF (1996) reported that the recommended limits of heavy metals should 

not overdo tolerable limits. Metals such as Zn, Cu and Fe are needed at low 

concentrations as catalysts for enzyme activities (WHO, 1991). However, at high 

levels they may cause acute or chronic illnesses in animals and humans (Correll et 

al., 2004). According to Dallas and Day (2004), increasing heavy metal concentrations 

in water result in adverse effects on fish and animals drinking the water. The Loskop 

and Flag Boshielo dams have been a storehouse for contaminants from the upper 

catchments of the Olifants River system (Oberholster et al., 2010). Studies from the 

Loskop, Flag Boshielo and Phalaborwa Barrage impoundments on the main stem of 

Goats system  
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Olifants River have revealed higher levels of metals in fish (Addo-Bediako et al., 

2014a, 2014b; Jooste et al., 2014, 2015). Okonkwo and Mothiba (2005) found high 

levels of Cd and Pb contaminants in the Dzindi, Madazhe and Mvudi rivers of 

Thohoyandou in Limpopo province. Lebepe et al. (2016) reported the Zn levels ranged 

between 0.0003 and 0.003 mg/L in the Loskop dam and that ranged between 0.002 

and 0.003 mg/L in the Flag Boshielo dam, respectively.   

Zinc is a chemical element with atomic number 30 (IARC, 2014). Zinc has a shining 

bluish-white appearance and occurs naturally in water (DWAF, 1996). Mining and 

industries increase zinc concentrations in water bodies (Mohod and Dhote, 2013). The 

toxicity of zinc occurs in various forms either in an acute or chronic form (WHO, 2011). 

Acute effects include nausea, loss of appetite, diarrhoea, and metabolic defects 

(WHO, 2011). Chronic effects include immunity declines, copper deficiency and organ 

damage (WHO, 2011). Zinc in low concentrations is an essential element for animals 

and humans in forming connective tissues like ligaments and tendons (Mohod and 

Dhote, 2013). However, excess Zn is toxic to pastures, animals, and humans. 

Lead is a chemical element with atomic number 82 (IARC, 2014). Lead is a bluish or 

silvery grey, soft and malleable metal present in the environment and occurs naturally 

in rocks, soils, and the water (IARC, 2014). It has no nutritional value and there is no 

confirmed safe level of lead exposure (WHO, 2011). The anthropogenic activities such 

as mining, metallurgical industry, motor oil and storage battery production are the 

major discharges of lead particulate into the environment (DWAF, 1996). Lead is an 

abundant metal that poses a threat to animal and human health (Mohod and Dhote, 

2013). It adversely affects the formation of haemoglobin, gastro internal tract, central 

nervous system, kidneys and may cause liver damage (WHO, 2011). Lead can be 

transferred to the goats through drinking contaminated water and eating contaminated 

pastures. Lead is among the most deleterious metals that cause significant 

contamination of the earths water and soil (IARC, 2014).  

Cadmium is a chemical element with an atomic number 48 (IARC, 2014). Cadmium is 

soft, silvery-white and a highly toxic metal in nature, even at low concentrations 

(DWAF, 1996). Cadmium has been used for pigments, coating, plating, stabilizers for 

plastics and in textile industry (Lopez et al., 2006; Mohod and Dhote, 2013). Naturally, 

a high level of cadmium is released into the environment, especially into rivers and 
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soils through weathering of rocks and human activities such as textile industry and 

manufacturing (DWAF, 1996). Cadmium waste streams from human activities end up 

in water and soils. Cadmium is characterized by high mobility in the biological systems 

(Grobler et al., 1994). High levels of Cadmium have no essential functions to the 

environment and pose harmful effects in animals and human beings (WHO, 2011). 

IARC (2014) indicated that cadmium is usually found as a compound combined with 

other elements like oxygen (cadmium oxide) or chlorine (cadmium chloride) in the 

ecosystem. Long-term exposure to Cd has been associated with lung cancer, kidney 

dysfunction, bone defects and renal dysfunction in live organisms (WHO, 2011).  

Chromium is a naturally abundant heavy metal in the environment with an atomic 

number 24 (IARC, 2014). It is a steely grey, lustrous, hard, and brittle transitional metal 

(IARC, 2014). Chromium is naturally present in the environment in low levels but 

industrial use in stainless steel, chrome plating and dyes for textiles increase the levels 

of Cd in the environment (Lugueno et al., 2013). Chromium is mainly found in differing 

levels in the water, soil, and air (DWAF, 1991). However, different kinds of Cr differ in 

their effects upon organisms (WHO, 2011). Chromium enters the water, soil and 

pastures in the Cr (III) and Cr (VI) form through human and natural activities (Lugueno 

et al., 2013). Lugueno et al. (2013) found that the aqueous solubility of Cr (III) is a 

function of the pH of the water. WHO (2011) demonstrated that chromium is regarded 

as a carcinogenic agent to humans of which can result in ulceration of the skin, nose 

irritation and weak immunity. Long-term exposure to chromium can cause kidney and 

liver damages and nerve tissue damage in live organisms (IARC, 2014). In animals, it 

decreases longevity, impairs growth, and decreases reproductive functions (WHO, 

2011). 

Mercury is a chemical element with an atomic number 80 (IARC, 2014). Mercury 

occurs in the environment either in an organic or inorganic form (IARC, 2014). Mercury 

dissolves many metals such as gold and silver to form amalgams (Jeffrey, 2005a). 

Mining and smelting increase concentration of Hg in the environment (DWAF, 1996). 

According to WHO (2011), live organisms may be exposed to high concentration of 

Hg, either in acute or chronic exposure. Its toxicity poses many health problems and 

is very difficult for the body to eliminate it (Mohod and Dhote, 2013). Methylmercury is 

a non-essential and toxic metal which is usually associated with various diseases like 
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nervous, digestive, and immune systems damage in animals, fish, and human beings 

(Chen et al., 2012).  

Nickel is a chemical element with an atomic number 28. It is a silver-white lustrous 

transitional metal (IARC, 2014). Nickel is found naturally in Earth’s crust only in low 

levels usually in water and rocks (DWAF, 1991). Cempel and Nickel (2006) found that 

nickel is accumulative in water, but its presence is not magnified along the food chain. 

The man-made sources of Ni are mainly from mining, corroded metal pipes and 

containers (Cempel and Nickel, 2006). Animals and humans may absorb nickel toxicity 

from water and food. Nickel is not a cumulative poison, but high levels of exposure 

may be carcinogenic and cause damage to DNA and skin disorders (WHO, 2011). 

Nickel can replace essential metal ions in enzymes, proteins, and cellular compounds 

in animals, therefore, resulting in lethal effects (Cempel and Nickel, 2006). 

2.5.4 Heavy metals in soils 

Heavy metals occur naturally in soils at low levels because of weathering and 

formation of soil processes (Alloway, 2013). Kabata-Pendias and Pendias (2001) 

indicated that heavy metal levels in soils are likely to increase with growing mining, 

industrial and agricultural activities. Soil acts as a sink for heavy metal absorption. 

Similarly, Herselman et al. (2006) demonstrated that the soil is a crucial component to 

terrestrial ecosystems. Accumulation of heavy metals in soils depletes slowly by 

leaching, erosion, and pasture uptake (Kabata-Pendias and Pendias, 2001). However, 

soil pH, organic matter content, plants varieties and plant age influence the metals 

concentration in soil (Alloway, 2013). Adeleken and Abegunde (2011) indicated that 

the presence of heavy metals in the soil can adversely affect soil microbes. The toxicity 

and mobility of heavy metals in the soil depend on the metal properties, soil properties 

and environmental factors (Herselman and Steyn, 2001). 

Heavy metals in the soil were studied in different parts of South Africa (Herselman et 

al., 2006). Soil contamination is of great concern throughout the world due to the 

potential risk of affecting food quality, pasture growth and environment (Herselman 

and Steyn, 2001). Heavy metals such as Pb, Zn, Cu, Cr, Cd, Cu and Ni are of most 

concern in a South African soils (Herselman et al., 2006). Zinc is an abundant metal 

in the crust of the earth and often found as ZnS in the natural ores (Kabata-Pendias 

and Pendias, 2001). High levels of zinc in the soil can be associated with 
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anthropogenic activities such as mining and smelting operations, making it mobile and 

available to pastures (Herselman et al., 2006). Soil is the greatest reservoir of Zn 

concentration (Kabata-Pendias and Pendias, 2001). Herselman et al. (2006) reported 

that zinc is more mobile in soil and further available to pastures than other heavy 

metals. Excessive levels of Zn in the soil can change the activities of the soil 

microorganisms, which affect organic matter breakdown (Lokeshwari and 

Chandrappa, 2006). Lokeshwari and Chandrappa (2006) further indicated that high 

levels of Zn in soil interfere with the ability of pastures to absorb other essential metals.  

Chromium is an abundant metal in the earth layer, and it occurs as chromite (Lugueno 
et al., 2013). It exists in several oxidation states in the soil such as the trivalent Cr (III) 

and hexavalent Cr (VI) (Dheeba and Sampathkumar, 2012). Chromium enters the soil 

and water in the form of Cr (III) and Cr (VI). Lugueno et al. (2013) indicated that through 

waste disposal Cr will end up in soils. Chromium in soils attaches to soil particles and 

as a result, it will not move towards groundwater (Dheeba and Sampathkumar, 2012). 

The levels of Cr in the soil may increase mainly through anthropogenic activities 

(Herselman et al., 2006). The Cr (III) is an essential nutrient for animals and humans 

and shortages may cause health effects (WHO, 2011). Adeleken and Abegunde 

(2011) also reported that its toxicity in the soil is rare, but an excessive amount can 

cause adverse effects in plants and animals. 

Cadmium is also a naturally occurring element in the soil and pastures (Alloway, 

2013). The release of Cd waste from human activities mainly ends up in soils 

(Herselman and Steyn, 2001). The mobility and accumulation of cadmium in the soil 

are mainly influenced by organic matter and the pH (Kabata-Pendias and Pendias, 

2001). Cadmium is strongly absorbed into organic matter in soils. The lower the pH 

and clay content, the higher the mobility of cadmium (Alloway, 2013). High levels of 

Cd in soils can influence soil processes of microorganisms and threaten the whole soil 

ecosystem (Herselman and Steyn, 2001). Subsequently, it may become more 

accessible to pastures and goats grazing on such pastures. Miranda et al. (2005) 

reported that cadmium is a non-essential and toxic metal to pastures, animals, and 

human beings.  

Mercury, on the other hand, is considered highly toxic and is a true heavy metal with 

a density of 13.5g/cm3 (Alloway, 2013). The main source of Hg release is the 
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combustion of fossil fuel and gold mining (Han et al., 2006). Han et al. (2006) also 

indicated that once the Hg released into the environment, maybe deposited into soil, 

pastures and water. This is a potential threat to the animals that are dependent upon 

the water and pastures for survival. Furthermore, mercury exists in different forms in 

the environmental compartments (Dheeba and Sampathkumar, 2012). Han et al. 

(2006) reported that the mercury ionic form (Hg2+) is predominant and high levels of 

Hg2+ can result in observable physiological disorders in plants and animals.  

Lead is a chemical element that occurs naturally in the rocks and soils (Herselman et 

al., 2006). It is the most abundant and toxic heavy metal (Alloway, 2013). Soil can be 

contaminated through particulate accumulation from lead metallurgical industry, traffic, 

filling station, mining, and releases from leaded gasoline (Herselman and Steyn, 

2001). Lead accumulates in the topsoil due to the low mobility and bind to soil 

properties (Kabata-Pendias and Pendias, 2001). Hence, pastures growing along such 

areas can take up lead from the soil (Herselman et al., 2006). Kabata-Pendias and 

Pendias (2001) indicated that high levels of lead in pastures pose a threat to animal 

and human health.  

Nickel is a transition element in the centre of the periodic table, acts as a catalyst and 

found in the environment at low concentrations (Cempel and Nikel, 2006). Higher 

levels of Ni compound that are released into the environment will be absorbed by soil 

particles and become immobile as a result (Kabata-Pendias and Pendias, 2001). High 

concentration of nickel in the soil retards plant growth and development of soil 

microorganisms (Cempel and Nikel, 2006). However, the high levels of Ni in the soil 

are dependent on the nickel content of parent rocks since it is gathered during the 

weathering process (Kabata-Pendias and Pendias, 2001). Herselman et al. (2006) 

found that the excessive levels of nickel in the soil cause various physiological 

alteration and toxicity in pastures and animals. 

2.5.5 Heavy metals in pastures 

Pastures play a significant role in the food chain (Khan et al., 2008). Anthropogenic 

activities harm the environment and the ecosystem as indicated in Figure 2.1. Sharma 

et al. (2007) found that pastures can accumulate heavy metals because of their ability 

to adapt to various chemical properties of the environment. The concentration of 

metals in the top 0.075m of the soil is of relevance because roots of most grasses are 
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in this region, and it is the surface soil that may be ingested along with herbage by 

grazing ruminants (Alloway, 2013). The grazing animal can ingest the metal either by 

consuming pastures that are internally or externally contaminated or by consuming 

contaminated soil (Wilkinson et al., 2003). Alloway (1999) and Khan et al. (2008) 

indicated that the main factors affecting toxic metal uptake by pastures are the 

chemical speciation of the mineral fraction of the soil, the soil organic matter content, 

and soil permeability and chemical properties. Pastures are intermediate reservoirs 

which transport heavy metals from soil to grazing animals (Hobbs and Kennedy, 

2011). Heavy metals such as Cd, Hg, Pb are non-essential for plant growth and others 

like Cu, Zn, Ni are essentially required in low levels for normal growth and metabolic 

processes of plants (Khan et al., 2008). Heavy metal levels in plants generally reflect 

that in the soil, only in the case of Cd, Hg, Zn and Cr (Alloway, 1999).  

Pastures which grow in contaminated environments may be stressed and stress limits 

plant photosynthesis (Bonanno and Lo Giudice, 2010). Bonanno and Lo Giudice 

(2010) showed that stressed plants change the chlorophyll content before any physical 

signs of stress are evident. Usually, contaminated pastures may result in animals 

being contaminated with heavy metals. Humans who eat such contaminated meat 

may, also, become contaminated (Sharma et al., 2007). Zinc is an essential metal that 

affects numerous metabolic processes of plants (Zhang et al., 2009). The level of Zn 

in plants varies with the level in soil, plants that grow in soils that are Zn deficient are 

susceptible to diseases (Alloway, 1999). The higher levels of Zn in soil prevent plants 

metabolism, resulting in reduce growth and causing senescence (Herselman et al., 

2006). Excessive level of Zn is toxic to plants and animals. The regulatory standard 

for zinc in plants as recommended by WHO is 50 mg/kg. 

Nickel is not a significant metal for plant growth and development; however, it is an 

essential micronutrient required for normal metabolic functions (Cempel and Nikel, 

2005). High levels of Ni on sandy soils can damage plants. Cempel and Nikel (2005) 

reported that higher levels of nickel in pastures cause various toxicity signs such as 

chlorosis, etc. (Cempel and Nikel, 2005). Similarly, Khalid and Tinsley (1986) reported 

that the leaves of ryegrass (Lotium perenne) turned yellowish when treated with a high 

amount of nickel. The permissible limit of Ni in pastures as set by WHO is 10 mg/kg. 

The permissible limit of cadmium in plants is 0.020 mg/kg as set by WHO (2011). 
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When the cadmium is present in soils it can be dangerous, as the uptake through food 

will increase (WHO, 2011). However, soil that is acidified enhances the Cd uptake by 

plants (Alloway, 1999). Pastures growing in soil with high levels of cadmium show 

symptoms of chlorosis and growth inhibition (Zhang et al., 2009). 

Chromium (III) is an essential metal in pastures and pastures contain systems that 

arrange the Cr uptake to be adequate not to cause any harm (Bonanno and Lo 

Giudice, 2010). But, when the essential Cr (III) exceeds a certain level, negative 

effects can occur (Herselman et al., 2006). Acidification of soil can also influence Cr 

uptake by pastures (Alloway, 1999). The higher levels of Cr in plants affect the 

physiological process of seed germination (Zhang et al., 2009). The regulatory 

standard for chromium in pastures as suggested by WHO is 1.300 mg/kg. Lead occurs 

naturally in soil and water (Herselman et al., 2006). Environmental Pb can compete 

with other metals found in and on plant surfaces, potentially inhibiting photosynthesis 

processes (Bonanno and Lo Giudice, 2010). Contamination of soils and plants can 

allow Pb to go up the food chain affecting animals and humans. The permissible limit 

of Pb in plants as suggested by WHO is 2 mg/kg. Mercury is considered highly toxic 

in plants and animals (Alloway, 2013). High levels of Hg are strongly phytotoxic to 

plant cells (Messer et al., 2005). Excessive Hg may result in physiological disorders 

such as disturbance of metabolic functions (Messer et al., 2005). The maximum 

permissible limit of Hg in plants as recommended by WHO is 0.002 mg/kg. Normally, 

high levels of heavy metals in pastures above the permissible limits harm grazing 

animals (WHO, 2011). 

Urochloa mosambicensis (witbuffels grass, common name in South Africa) is an 

abundant grass growing along the riverbanks (Harwood et al., 1996). This grass is a 

perennial, loosely tufted grass sometimes rooting and branching from the lower nodes, 

occasionally with stolon, hairy leaf blades and rare rhizomes (Burt et al., 1980). It is 

usually found near the riverbanks, wooded grassland and on disturbed sites where the 

soil is fertile. Burt et al. (1980) indicated that witbuffels grass is mostly used as 

supplements for animals during dry seasons and erosion control. Harwood et al. 

(1996) found that the urochloa mosambicensis prefer well-drained soils and can 

withstand high temperatures. Its nutritive value varies with the age of regrowth and 

soil fertility (Harwood et al., 1996). This grass is selectively grazed by animals when it 



24 
 

is still young and is more palatable than other grasses when mature (Mclvor et al., 

1992). This grass is, therefore, a good indicator of the level of heavy metals as they 

grow along the riverbanks. 

2.5.6 Heavy metals in livestock meat 

Meat and milk are the most essential products of goat rearing. Heavy metals can be 

transferred to these animals through drinking contaminated water and grazing 

contaminated pastures. Therefore, heavy metals can bio-accumulate in the tissues 

and organs of these animals (Alonso et al., 2004). The concentrations of heavy metals 

in the South African environment have been studied. The presence of heavy metals 

at high levels has been reported in fish, water, and soil (Herselman et al., 2001, 2006; 

Okonkwo and Mothiba, 2005; Addo-Bediako et al., 2014a, 2014b; Jooste et al., 2014, 

2015; Lebepe et al., 2016). Across the world, some studies have been made on the 

levels of heavy metals in animal species (Miranda et al., 2005; Okoye and uGu, 2010).  

The pH is one of the basic factors that can affect meat quality (Simela et al., 2004a). 

The significant pH value in goat carcasses ranges between 5.8 and 6.2 (Simela et al., 

2004a, b). Simela et al. (2004b) indicated that the alterations with low pH (pale, soft 

and exudative) or high pH (dark, firm, and dry) are not usual in goat carcasses. 

However, meat with low pH tends to be more tender, better colorimetric and with low 

shear force than those with high pH values (Simela et al., 2004a). Simela et al. (2004b) 

reported that the minimum glycogen concentration of 50 µmol/g in the carcass is vital 

for enough lactatic acid production to attain an acceptable pH value. Palatability, free 

of pathogens and toxins determines the quality of meat (Webb et al., 2005). Casey et 

al. (2003) indicated that goat meat has a high nutritional value, and it is beneficial for 

health-conscious consumers. 

Metals which have non-nutritional requirements, that is Pb, Cd, Cr and Ni may react 

with biological systems to cause adverse effects in animals and humans (Akan et al., 

2010). Okoto et al. (2014) reported above maximum permissible levels of heavy 

metals in goats. Cadmium accumulates, mainly, in the kidneys and livers of animals 

because of their lower rates of elimination (Demirezen, and Uruç, 2006). Animal 

uptake of Cd takes place through contaminated food and water. Pastures and water 

that are rich in Cd can enhance the Cd level in the animal body. High levels of cadmium 
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can lead to kidney defects, bone and pulmonary damages, renal degradation, 

intestinal dysfunction, and anaemia (ATSDR, 2005). ATSDR (2005) indicated that the 

higher levels of cadmium were responsible for the itai-itai disease in humans (painful 

screams in the Japanese language) because of the severe discomfort in the joints and 

spine. El-Salam et al. (2013) found that the Cd levels in muscle, liver and kidneys of 

cattle were higher in mining areas than in rural areas. Demirezen and Uruç (2006) 

indicated that the accumulation of Cd in goat tissues increases with age. Similarly, 

Akan et al. (2014) found that the levels of cadmium in animal blood were mainly used 

for determining recent exposure to cadmium contamination. 

Lead in animal systems has no confirmed biological role and there is no confirmed 

safe level of lead exposure (WHO, 1991). Lead is a highly lethal metal, affecting almost 

every organ and system in the animal and human body (Miranda et al., 2009). Okoye 

and Ugwu (2010) reported that the levels of lead in the blood indicate the lead 

concentrations in other vital organs. Most ingested Pb is absorbed into the 

bloodstream (Okoye and Ugwu, 2010). Snezena et al. (2010) found the higher Pb 

levels in the kidneys and livers of domestic animals at contaminated localities. Lead 

toxicity is well known for interfering with the proper functioning of enzymes 

(FAO/WHO, 2007). High levels of lead are known to cause health problems in red 

blood cells, kidney, and liver damages in animals (Miranda et al., 2005). In humans, it 

causes poor cognitive development, increases blood pressure and cardiovascular 

diseases, and ultimately death (WHO, 1991).  

Chromium (Cr) is an essential element for animals and humans, helping the body to 

use sugar, protein, and fat while at the same time it is carcinogenic (Akan et al., 2010). 

According to EI-Salam et al. (2013), an excessive amount of Cr may cause adverse 

health effects such as reducing the liver size and weight and causing liver and kidney 

damages in animals and human beings. El-Salam et al. (2013) and Akan et al. (2014) 

indicated that blood helps in the circulation of substances around the body, thus, 

unwanted substances such as chromium may be trapped in the blood during this 

process. The kidney and liver tend to accumulate a higher level of chromium 

(Demireze and Uruç, 2006). Demireze and Uruç (2006) reported that the 

concentrations of contaminants in the liver and kidney are due to their inability to filter 

off contaminants completely.  
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Mercury is not naturally present in a living organism (IARC, 2014). Mercury is a toxic 

substance with no known function in the physiology or biochemistry of living organisms 

(WHO, 1991). Akoto et al. (2014) found that mercury levels in meat tissues of free-

ranging sheep and goats were above the permissible limit at a gold mining town in 

Ghana. Chen et al. (2012) indicated that the toxicity of mercury depends on its 

chemical form, thus, the methyl mercury being the most lethal metal in animals and 

humans. The methyl mercury is more soluble in fats compared to water and the 

deposition of mercury is rapid, but its elimination is slow (Akoto et al., 2014). High 

levels of mercury preferentially accumulate in the kidneys, while the accumulation in 

the liver and other organs is lower (Demireze and Uruç, 2006). Furthermore, high 

levels of methyl mercury in the bloodstreams of animals and humans may affect 

hearing, vision, immunologic system, and brain damages (WHO, 1991).  

Nickel is an essential metal for animals at low levels (WHO, 1991). It can be harmful 

when the maximum permissible limits are exceeded (Cempel and Nickel, 2006). 

According to Alonso et al. (2004), nickel plays an essential role as an activator for 

some enzymatic reactions such as the synthesis of red blood cells. Akan et al. (2010) 

reported higher levels of Ni in the liver than in the kidney in local chickens reared in 

cocoa-producing areas of Cross River State in Nigeria. Similarly, Akan et al. (2010) 

also reported the low levels of Ni in the meat and organs of goats and sheep reared in 

Maiduguri Metropolitan, Nigeria. WHO (1991) reported that the low levels of Ni in the 

human body play a significant role in regulating prolactin hormone and stabilization of 

RNA and DNA structures. Excessive intake of Ni can cause various kinds of cancer 

within the bodies of animals and humans (WHO, 1991).  

Zinc, unlike other heavy metals, is essential for normal functioning of cells including 

protein synthesis, carbohydrate metabolism, cell growth and cell division in animals 

and humans (Mohod and Dhote, 2013). Alonso et al. (2004) indicated that muscles 

are important tissues for zinc accumulation, like zinc concentrations in the liver and 

kidneys. Zinc deficiency or high levels of Zn may cause adverse health effects in 

animals and humans (Demireze and Uruç, 2005; Miranda et al., 2009).  

2.6 Conclusion 

Pedi goats are common in rural areas of Limpopo province. They are nutritionally, 

economically, and culturally very important. However, these goats graze along the 
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Olifants riverbanks. Olifants river water is contaminated with heavy metals (Hg, Cd, 

Pb, Zn, Ni and Cr). Mining, industrial, and agricultural activities are major sources of 

heavy metal pollution in Limpopo province. Heavy metals constitute serious 

environmental problems. Animals that graze on contaminated pastures and drink 

polluted water accumulate heavy metals in their bodies. These elements tend to bio-

accumulative, increasing in meat tissues and organs of animals, especially the liver 

and kidneys. People eating contaminated meat may have higher levels of heavy 

metals in their bodies. Thus, consumption of such meat may lead to lung cancer, high 

blood pressure, gastrointestinal cancer, and kidney and bone problems in humans. 

However, information on the levels of heavy metals in meat tissues of yearling Pedi 

goats reared in the Middle Olifants river catchment area is not available. Thus, there 

is a need to determine heavy metal levels in meat tissues from such goats. There is, 

also, need to determine heavy metal levels in pastures grown along these rivers. 
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Abstract 

The study was carried out to determine the levels of Cr, Ni, Cd, Pb, Hg and Zn in water, 

soil and witbuffels grass growing along the banks of Middle Olifants and Mogalakwena 

rivers. The samples were collected from river water, and soils and grass grown along 

the river banks and analysed for heavy metals with an inductively coupled plasma 

mass spectroscopy (ICP-MS). Data was analysed as in a complete randomised 

design. The results of the selected heavy metals in water of both rivers ranged from 

0.00 mg/litre of water (Ni and Cr) to 0.04 mg/litre of water (Hg). The concentrations of 

the selected heavy metals in water were similar (P>0.05) for Middle Olifants and 

Mogalakwena rivers. The concentrations of Zn, Pb and Cd in water from both sites 

were above the internationally permissible levels, indicating that the water from these 

rivers was not safe for fish, humans, and animals. The concentrations of selected 

heavy metals in the soils along the banks of Middle Olifants and Mogalakwena rivers 

ranged from 0.00 mg/kg DM soil (Hg and Cd) to 63.70 mg/kg DM soil (Cr).  There were 

similar (P>0.05) concentrations of the selected heavy metals in the soils along the 

banks of Middle Olifants and Mogalakwena rivers. The concentrations of Ni and Pb in 

soils from both sites were above the internationally recommended limits of 50 and 6.60 

mg/kg DM of soil, indicating that the soils along the banks of these rivers were not 

good for crop production. Heavy metal concentrations in the witbuffels grass grown 

along the banks of Middle Olifants and Mogalakwena rivers ranged from 0.00 mg/kg 

DM of grass (Hg and Cd) to 5.05 mg/kg DM of grass (Zn). Similar (P>0.05) 

concentrations of the selected heavy metals were observed in witbuffels grass grown 

along the banks of Middle Olifants and Mogalakwena rivers. The concentrations of Zn, 

Ni, Pb, Hg and Cd in pastures grown along the banks of both rivers were within the 

maximum permissible levels for plant growth. However, chromium concentrations in 

witbuffels grass from both sites were above the recommended limits for livestock, 

indicating that the grass was not safe for consumption by livestock. It is concluded that 

water, soils, and pastures from the study areas contain some heavy metal 

concentration levels higher than the maximum permissible levels.   

Keywords: Heavy metals, water, soil, witbuffels grass, Middle Olifants river, 

Mogalakwena river. 
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3.1 Introduction  

Heavy metals are serious contaminants because of their toxicity, persistence, and 

ability to be combined into the food chain (Howard, 2016). Heavy metals are found 

naturally in the piles of the earth crust. Various anthropogenic activities such as 

mining, smelting, burning of fossil fuels and industries have led to the introduction of 

heavy metals into the environment resulting in deleterious effects (Hilson, 2006). The 

soil and pastures growing along the riverbanks are recognised to have a large capacity 

to accumulate heavy metals, thus, retaining heavy metals that can have toxic effects 

on animals and humans (Prokisch et al., 2009). Jeffrey (2005a) demonstrated that the 

Limpopo province is noted for its rich variety of mineral wealth. The heavy metals such 

as Pb, Zn, Cu, Cr, Cd and Ni are of most concern in South African soils (Herselman 

et al., 2006). Heavy metals are some of the major causes of toxicity in livestock 

production. Heavy metal contamination has raised public and scientific interest 

throughout the world due to their toxic effects even at very low levels (Mann et al., 

2011). The high levels of heavy metals found in water, soil and pasture have a 

significant impact on livestock production. Livestock and humans get exposed to the 

levels of heavy metals mainly through ingestion of contaminated food and water (Mann 

et al., 2011; Jabeen et al., 2012).  

Heavy metals are normally present in water and soils at low levels. Contamination of 

water and soil may prove harmful to pasture through its uptake of heavy metals to toxic 

levels, thus, assisting its entry into the food chain (Pollard et al., 2014). Pastures may 

absorb toxic metals from the soil. Ruminants such as goats may feed on pastures 

which have absorbed and accumulated elements from the soil over time. Some metals 

such as Ni, Cr and Zn are essential in low amounts, for animals and human health 

(FAO/WHO, 2007). However, excessively higher levels of Hg, Cd, Cr, Zn, Ni and Pb 

in blood and tissues of animals suggest an exposure either from the water, soil, 

pastures, and air or from all these sources (El-Salam et al., 2013). Humans, as the 

final consumers in the food chain, may accumulate high levels of some heavy metals 

in their tissues from contaminated food (Correll et al., 2004). Accumulation of the 

studied Hg, Cd, Cr, Zn, Ni and Pb in water, soil and pastures could be useful indicators 

of potentially toxic effects on livestock and the consumers. High levels of heavy metals 

in the food of animal and plant origin are directly related to human illnesses 

(FAO/WHO, 2007). Their potential toxicity to animals and humans is a source of 
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concern. The measurement of heavy metal levels in the water, soil and pasture is 

helpful not only in determining risks to animal and human health but also in the 

assessment of environmental quality (Okoye and Ugwu, 2010). Therefore, there was 

need to determine the levels of heavy metals in water and witbuffels grass growing 

along the Middle Olifants and Mogalakwena river basins and the two river basins 

sustain the rural communities with water for household consumption and drinking of 

animals. Such information is important for designing strategies to reduce heavy metal 

contamination among Pedi goats grazing in the catchment areas.  

 
3.2 Objective 

The objective of the study was to determine the levels of Pb, Hg, Zn, Cd, Ni and Cr in 

water, soil and witbuffels grass (Urochloa mosambicensis) growing along the banks of 

Middle Olifants and Mogalakwena rivers.  

 

3.3 Hypothesis 
There were low levels of Zn, Cd, Hg, Ni, Pb and Cr in water, soil and witbuffels grass 

(Urochloa mosambicensis) growing along the banks of Middle Olifants (Mogalatsana 

village) and Mogalakwena (Papeggai village) rivers. 

 

3.4 Methodology and analytical analysis 

3.4.1 Study site 
The study was conducted in Mogalatsana village (Middle Olifants river) (latitude 24°46′ 

S, longitude 29°25′ E) and in Papeggai village (Mogalakwena River) (Latitude 

23°11′30″S, longitude 28°41′5″E) in Limpopo province, South Africa (Figures 3.1 and 

3.2, respectively). The temperatures in the study sites range between 18 and 36 ºC 

during summer months and between 10 and 25 ºC during winter months (Peacock, 

1996). The topography of the study areas is generally mountainous and flat to rolling. 

The vegetation is veld type that is dominated by thorny acacia bushes, grassland and 

shrubs that cover most of the terrain (DWAF, 1996; Peacock, 1996).  
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Fig 3.1 Location of sampling site at Mogalatsana village (Middle Olifants river) 

 

 

Fig 3.2 Location of sampling site at Papegaai village (Mogalakwena river) 

 

3.4.2 Sample collection and analysis  

1. Water samples 
Water samples were randomly collected from the rivers, about 2 meters. The water 

was collected in 500 ml plastic bottles. Water was collected from two sites along the 
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Middle Olifants river and Mogalakwena river basins, on the 14th of December, 2019. 

The water samples were properly labelled and stored in the refrigerator (−4°C) before 

being transported to the laboratory for Pb, Hg, Cd, Cr, Zn and Ni analysis. The samples 

were sent to an accredited laboratory, WaterLab (PTY) Ltd in Pretoria for analysis. At 

the laboratory water samples were stored at −5 °C before analysis at a SANAS-

accredited laboratory (ISO/IEC 17025:2005) in Pretoria. Water was analysed using 

inductively coupled plasma mass spectroscopy (ICP-MS) methods and reported as 

mg/ℓ (DWAF, 1996). Heavy metals (Pb, Hg, Cr and Zn) were selected due to their 

significant high levels recorded over the past decade in the water, sediment, and fish 

tissues from the Olifants river systems (Coetzee et al., 2002; Addo-Bediako et al., 

2014a, 2014b; Jooste et al., 2014, 2015). 

 

 

Fig 3.3 The river site at the Mogalatsana village (Middle Olifants river) (December, 

2019) 
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Fig 3.4 The river site at the Papegaai village (Mogalakwena river) (December, 2019) 

 

2. Soil samples 
Composite soil samples were collected from Mogalatsana village along the riverbanks 

of Middle Olifants and from Papeggai village along the riverbanks of Mogalakwena on 

the 14th of December, 2019 using a soil auger. Soil samples were randomly collected 

at a depth of 1-10 cm because the depth of roots of most grasses in the area is within 

this range. The texture of the soil was mainly clay particles at both riverbanks. The soil 

samples were kept in zip-locked plastic bags, properly labelled, and stored at room 

temperature before being transported to an accredited laboratory, WaterLab (PTY) Ltd 

in Pretoria for heavy metal analysis.  

At the SANAS-accredited laboratory in Pretoria, the samples were frozen and stored 

at −8 °C before analysis for heavy metals. Soil samples were dried at 105 °C to a 

constant weight at room temperature followed by the sample preparation with the help 

of pastel and mortar. The dried samples were desiccated and were digested in 

microwave assisted Kjeldahl digester. Soil samples were mixed with 10ml of 

concentrated nitric acid, 5ml perchloric acid and 2ml hydrochloride acid. The mixture 

was digested under a fume hood chamber according to the method of Association of 

Official Analytical Chemists (2005). The digested soil samples were analysed for the 
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levels of heavy metals using inductively coupled plasma mass spectroscopy (ICP-MS) 

and reported as mg/kg dry weight soil (Herselman et al., 2006).  

3. Witbuffels grass samples 

Witbuffels grass (Urochloa mosambiscensis) samples in each village were randomly 

collected from each of the two locations at Middle Olifants riverbanks and from two 

locations at Mogalakwena riverbanks on the 14th of December, 2019. In a close 

proximate from where the soil samples were collected, witbutffels grass was sampled 

down to the depth where the roots can be found and uprooted (Figure 3.5). The 

uprooted grasses were washed with distilled water. The grasses were kept in a khaki 

bag, properly labelled, and stored at room temperature before being transported to an 

accredited laboratory, WaterLab (PTY) Ltd in Pretoria to be analysed for Cr, Pb, Cd, 

Ni, Zn and Hg.  

At the laboratory, the samples were stored at the room temperature before analysis 

for heavy metals. The samples were oven-dried at 60 °C temperature to a constant 

weight and ground to powder. The desiccated samples were weighed for digestion. 

The dried samples were mixed with 10ml of concentrated nitric acid and 5ml perchloric 

acid. The mixture was digested in microwave assisted Kjeldahl digester. The digested 

grass samples were analysed for heavy metal concentration through the flame method 

by inductively coupled plasma mass spectroscopy (ICP-MS). The heavy metal 

concentration in samples were calculated in mg per kg of dry pasture (WHO, 2011). 
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Fig 3.5 Collection of witbuffels grass samples at Papegaai village (Mogalakwena river) 

(December, 2019)  

 

3.4.3 Statistical analysis  

Data on water, soil and pasture were subjected to analysis of variance (ANOVA) 

(Minitab, 18.1 Version). Tukey's HSD test was used to test the significant difference 

between treatment means at 5 % level of probability (Minitab, 18.1 Version). General 

linear model procedure (GML) was used to compare heavy metal levels in water, soil, 

and pasture samples. The following model was used: 

𝑌𝑌𝑖𝑖𝑖𝑖 =  𝜇𝜇 + 𝑇𝑇𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖 

Where Y= variables measured (concentration levels of Zn, Hg, Cr, Cd, Ni and Pb in 

water, soil, and pastures); Ti = fixed effect of the river (Middle Olifants or 

Mogalakwena); e = experimental error.  
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3.5 Results  

3.5.1 Heavy metal concentration in Middle Olifants and Mogalakwena rivers 

The results of the effect of the river on levels of selected heavy metals (Zn, Hg, Cr, 

Cd, Ni and Pb) in water are presented in Table 3.1. The levels of selected heavy metals 

in water were similar (P>0.05) for Middle Olifants and Mogalakwena rivers. Heavy 

metal concentrations in water ranged from 0.00 mg/litre of water (Ni and Cr) to 0.04 

mg/litre of water (Zn). 

Table 3.1 Effect of the river on levels of selected heavy metals (mg/litre) in water* 

 

Heavy metal 

                            River location         

P-value Middle Olifants river at     

Mogalatsana village 

Mogalakwena river at 

Papegaai village       

Zinc 0.03a ± 0.000   0.03a ± 0.000 1.000 

Nickel 0.00a ± 0.000                           0.00a ± 0.000                     0.391 

Mercury 0.04a ± 0.003                           0.04a ± 0.003 1.000 

Lead   0.01a ± 0.000                           0.01a ± 0.000                     0.241 

Chromium 0.00a ± 0.000                            0.00a ± 0.000                     0.995 

Cadmium 0.03a ± 0.000                            0.03a ± 0.000                     1.000 

* : Values presented as mean ± standard error (SE) 

 
 

3.5.2 Heavy metal concentration in soils along the banks of Middle Olifants and 
Mogalakwena rivers  

The results of the effect of the river on levels of selected heavy metals in the soils 

along its banks are presented in Table 3.2. The levels of selected heavy metals were 

similar (P>0.05) in the soils along the banks of Middle Olifants and Mogalakwena 

rivers. Heavy metal concentrations in the soils along the banks of Middle Olifants and 

Mogalakwena rivers ranged from 0.00 mg/kg DM soil (Hg and Cd) to 63.70 mg/kg DM 

soil (Cr).   
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Table 3.2 Effect of the river on levels of selected heavy metals in the soils (mg/kg DM 

soil) along its banks*  

 

Heavy metal 

                            River location         

P-value Middle Olifants river at     

Mogalatsana village 

Mogalakwena river at 

Papegaai village       

Zinc 2.78a ± 1.390                            1.39a ± 0.000 0.339 

Nickel 63.50a ± 31.100 31.10a ± 4.400 0.391 

Mercury 0.00a ± 0.000 0.00a ± 0.000 1.000 

Lead   8.02a ± 4.020 5.51a ± 4.020 0.241 

Chromium 63.70a ± 34.900 57.60a ± 34.900 0.221 

Cadmium 0.00a ± 0.000 0.00a ± 0.000 1.000 

* : Values presented as mean ± standard error (SE) 

 

 
 
5.5.3 Heavy metal concentration in witbuffels grass grown along the banks of 
Middle Olifants and Mogalakwena rivers  

The results of the effect of the river on levels of selected heavy metals in witbuffels 

grass grown along its banks are presented in Table 3.3. The levels of selected heavy 

metals were similar (P>0.05) in witbuffels grass grown along the banks of Middle 

Olifants and Mogalakwena rivers. Heavy metal concentrations in the witbuffels grass 

grown along the banks of Middle Olifants and Mogalakwena rivers ranged from 0.00 

mg/kg DM of grass (Hg and Cd) to 5.05 mg/kg DM of grass (Zn).  
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Table 3.3 Effect of the river on levels of selected heavy metals in witbuffels grass 

(mg/kg DM of grass) grown along its banks* 

 

Heavy metal 

                            River location         

P-value Middle Olifants river at     
Mogalatsana village 

Mogalakwena river at 
Papegaai village       

Zinc 3.75a ± 2.540 5.05a ± 5.050 0.336 

Nickel 0.90a ± 0.610 1.20a ± 0.610 0.391 

Mercury 0.00a ± 0.000 0.00a ± 0.000 1.000 

Lead   0.45a ± 0.260 0.45a ± 0.260 0.241 

Chromium 1.70a ± 0.950 1.70a ± 0.950 0.221 

Cadmium 0.00a ± 0.000   0.00a ± 0.000 1.000 

* : Values presented as mean ± standard error (SE) 

 

3.6 Discussion 

The results of the present study indicate that the concentrations of the selected heavy 

metals (zinc, nickel, mercury, lead, chromium, and cadmium) in Middle Olifants and 

Mogalakwena rivers were statistically similar. Heavy metal concentrations ranged from 

0.00 mg/litre of water (Ni and Cr) to 0.04 mg/litre of water (Zn). Water having higher 

concentration levels than the maximum permissible levels may pose harm to humans 

and animals that drink it (WHO, 2011; DWAF, 1996).  The recommended regional and 

international guidelines for maximum permissible limits of the selected heavy metals 

in water, soil and pastures are presented in Table 3.4. The concentrations of nickel 

and chromium in the water of both rivers were within the maximum permissible levels 

for human, animal, and fish consumption. Studies of Addo-Bediako et al. (2014a) also 

indicated that Olifants river water concentrations of Ni and Cr were within the 

maximum permissible levels for consumption. However, the present study indicates 

that the concentrations of zinc, mercury, lead, and cadmium in both rivers were above 

the maximum permissible levels for human, animal, and fish consumption. This means 

that the water from these rivers is not good for human, animal, and fish consumption. 

Zhengfu et al. (2010) showed that the anthropogenic activities discharge metal-

containing pollutants into the environment, subsequently increasing heavy metal 

levels in the surface and ground water. South Africa’s surface and groundwater display 
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changes in water quality (WRC, 2017). Toxic metals from mining operations find their 

way into the rivers, streams, and vegetation (Netshitungulwana and Yibas, 2012). The 

Olifants river in South Africa is one of the most polluted river systems due to mining, 

industrial and agricultural activities (Oberholster et al., 2010; Ashton and Dabrowski, 

2011). 

The water from Middle Olifants and Mogalakwena rivers had a zinc concentration level 

of 0.03 mg per litre of water. This concentration level is above the maximum 

permissible zinc concentration level of 0.002 mg per litre of water recommended by 

WHO (2011). Lebepe et al. (2016) also reported a higher than maximum permissible 

zinc concentration level of 0.003 mg per litre of water in both Loskop and Flag Boshielo 

dams along the Olifants river. The differences in Zn concentrations in river water could 

be due to seasonal influences and the position where the samples were taken (Heath 

et al., 2010). The main sources of zinc pollution in Limpopo province are 

anthropogenic sources such as mines, industries, agriculture, and municipal wastes 

(Ashton and Dabrowski, 2011; Batchelor and Engelbrecht, 1992). Excessive Zn 

consumption is toxic to humans, animals, and fish.  Chronic effects of zinc toxicity in 

humans, animals and fish include immunity declines and organ damage and failure, 

leading to death (WHO, 2011). 

Table 3.4 Regional and international recommended guidelines for maximum 

permissible limits of the selected heavy metals in water, soil, and pastures 

Heavy metal Water (mg/L)1 Soil (mg/kg DM)2 Pasture (mg/kg DM)3 
Zinc 0.002 46.4 50.0 

Nickel 0.020 50.0 10.0 

Mercury 0.010 1.20 0.002 

Lead 0.0002 6.60 2.00 

Chromium 0.050 80.0 0.020 

Cadmium 0.003 2.0 1.300 
1      : DWAF (1996) and WHO (2011) 
2      : USEPA (1995) and Herselman et al. (2006)   
3      : WHO (2011) 

 

The mercury (Hg) concentration levels in water samples collected from Middle Olifants 

and Mogalakwena rivers were way above the maximum permissible limit of 0.010 mg 
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per litre of water. Methyl mercury is soluble in fats and its deposition is rapid, but its 

elimination is slow (Akoto et al., 2014). High levels of mercury preferentially 

accumulate in the kidneys, liver, and other organs (Demireze and Uruç, 2006). 

Excessive consumption of Hg is usually associated with various diseases leading to 

damage of the nervous, digestive, and immune systems in humans, animals, and fish 

(Chen et al., 2012). Thus, the water from Middle Olifants and Mogalakwena rivers is 

not safe for consumption by humans, animals, and fish. Addo-Bediako et al. (2014b) 

also observed that the water from the Olifants river contained mercury levels above 

the maximum permissible limits for fish and human consumption. Mining and smelting 

are the main sources of mercury pollution in Limpopo province of South Africa (Ashton 

and Dabrowski, 2011; Batchelor and Engelbrecht, 1992). 

 

The present finding of 0.01 mg of lead per litre of water from both Middle Olifants and 

Mogalakwena rivers exceeds the WHO (2011) maximum permissible limit of 0.0002 

mg of lead per litre of water. Lead is one of the most toxic metals in nature (WHO, 

1991).  The high lead (Pb) concentration levels observed in the present study pose 

harm to humans, animals, and fish drinking water from these rivers (DWAF, 1996). 

Excessive consumption of lead adversely affects the central nervous system and may 

prevent the   formation of haemoglobin. It may, also, cause liver damage and hence 

death (WHO, 2011). High lead concentration levels in these rivers, also, pose harm to 

the surrounding environment (DWAF, 1996). Lebepe et al. (2016) reported similar high 

Pb concentration levels in Loskop and Flag Boshielo dams along the Olifants river. 

The authors reported Pb concentration levels ranging from 0.003 to 0.010 and from 

0.01 to 0.011 mg/litre of water in Loskop and Flag Boshielo dams, respectively. Mining, 

smelting, and agricultural activities are the main sources of Pb pollution in Limpopo 

province of South Africa (Ashton and Dabrowski, 2011; Batchelor and Engelbrecht, 

1992). 

Middle Olifants and Mogalakwena rivers contained a cadmium (Cd) concentration 

level of 0.03 mg per litre of water. This concentration level is above the maximum 

permissible Cd concentration level of 0.003 mg per litre of water recommended by 

WHO (2011). The main sources of Cd pollution in Limpopo province are mines, 

industries, agriculture, and municipal wastes (Mohod and Dhote, 2013; Ashton and 

Dabrowski, 2011; Lopez et al., 2006; Batchelor and Engelbrecht, 1992). Thus, the 
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higher than the maximum permissible limits of water Cd concentration levels observed 

in the present study pose harm to humans, animals, and fish drinking water from these 

rivers. However, Edokpayi et al. (2015) reported values of less than the maximum 

permissible limit of 0.003 mg of Cd per litre of water from Olifants river. The differences 

in reported Cd concentrations in Olifants river water could be due to seasonal 

influences and the position where the samples were taken (Heath et al., 2010).   

 

The concentration levels of selected heavy metals in the soils along the banks of 

Middle Olifants and Mogalakwena rivers were statistically similar. Heavy metal 

concentrations in the soils along the banks of Middle Olifants and Mogalakwena rivers 

ranged from 0.00 mg/kg DM soil (Hg and Cd) to 63.70 mg/kg DM soil (Cr). Soils having 

higher concentration levels than the maximum permissible levels may pose harm to 

plants growing there (USEPA, 1995; Herselman et al., 2006).  The recommended 

regional and international guidelines for maximum permissible limits of the selected 

heavy metals in soils are presented in Table 3.4. The concentrations of all selected 

heavy metals in the soils along the banks of Mogalakwena river were within the 

maximum permissible levels, thus posing no adverse effects on the growth of pastures 

in the areas. Similarly, zinc, mercury, chromium, and cadmium concentrations in the 

soils along the banks of Middle Olifants river were within the maximum permissible 

levels for crop production. Herselman et al. (2006) made similar observations. 

However, nickel and lead concentrations in the soils along the banks of Middle Olifants 

river were above the maximum permissible levels of 50 and 6.60 mg/kg DM of soil, 

respectively, for crop production (USEPA, 1995; Herselman et al., 2006).  Higher than 

the maximum permissible levels of nickel in the soils along the banks of Middle Olifants 

river could be due to the presence of many mining industries in the area. The effluents 

from metal industries are discharged into rivers and land areas, causing accumulation 

of Ni in the soils (Herselman et al., 2006). Higher concentrations of Ni in the soils retard 

plant growth and development of soil microorganisms (Cempel and Nikel, 2006).  

Higher than the maximum permissible concentration levels of lead in the soils along 

the banks of Middle Olifants river could, also, be due to the presence of many mine 

industries in the area. The effluents from metal industries, heavy traffic and filling 

stations may be responsible for accumulation of Pb in the soils along the banks of 
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Middle Olifants river (Herselman and Steyn, 2001). Herselman et al. (2006) stated that 

lead accumulates in the topsoil due to its low mobility and tends to bind to soil 

properties. Therefore, pastures growing along such areas can take up lead from the 

soil. Higher than the maximum permissible Pb concentration levels in the soil affect 

soil microbial processes, thus minimizing the number and activities of soil 

microorganisms (Herselman et al., 2006). The resultant is poor soils for plant growth. 

  

Pastures play a significant role in the food chain (Khan et al., 2008). Sharma et al. 

(2007) found that pastures can accumulate heavy metals because of their ability to 

adapt to various chemical properties of the soil and environment. The grazing animal 

can ingest the metal either by consuming pastures that are internally or externally 

contaminated or by consuming contaminated soils (Wilkinson et al., 2003). Thus, 

pastures are intermediate reservoirs which transport heavy metals from soil to grazing 

animals (Hobbs and Kennedy, 2011). Heavy metal concentration levels in plants, 

generally, reflect those in the soil (Alloway, 1999). Pastures which grow in 

contaminated environments may be stressed, and stress limits plant photosynthesis 

(Bonanno and Lo Giudice, 2010). Witbuffels grass grows along the river banks, and it 

is, therefore, a good grass to use for testing accumulation of heavy metals in pastures. 

In the present study, there were no statistical differences in heavy metal concentration 

levels between witbuffels grass grown along the banks of Middle Olifants and 

Mogalakwena rivers. Heavy metal concentrations in the witbuffels grass grown along 

the banks of Middle Olifants and Mogalakwena rivers ranged from 0.00 mg/kg DM of 

grass (Hg and Cd) to 5.05 mg/kg DM of grass (Zn). Pastures having higher 

concentration levels than the maximum permissible levels may pose harm to animals 

consuming them (WHO, 2011).  The recommended maximum permissible limits of the 

selected heavy metals in pastures are presented in Table 3.4. The concentrations of 

zinc, nickel, mercury, lead, and cadmium in pastures grown along the banks of both 

rivers were within the maximum permissible levels for plant growth. However, 

chromium concentration levels in the pastures grown along the banks of Middle 

Olifants and Mogalakwena rivers were above the maximum permissible levels of 0.02 

mg/kg DM of pastures (WHO, 2011). Higher than the maximum permissible levels of 

chromium (Cr) in pastures grown along the banks of Middle Olifants and Mogalakwena 
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rivers could be due to the presence of many mining and industries in the area. The 

effluents from metal industries, agricultural activities, heavy traffic, and filling stations 

may be responsible for accumulation of Cr in pastures grown along the banks of Middle 

Olifants and Mogalakwena rivers (Herselman et al., 2006; Herselman and Steyn, 

2001). Higher concentration levels of Cr in the pastures than permissible levels retard 

plant growth and may pose harm to animals grazing the pasture (Cempel and Nikel, 

2006). Pastures growing in soils with high levels of cadmium show symptoms of 

chlorosis and growth inhibition (Zhang et al., 2009). Thus, results of the present study 

show that pastures grown along the banks of the two rivers have chromium 

concentration levels higher than a permissible level of 0.02 mg/kg DM of pasture, and 

hence they are not suitable for grazing by livestock. Contamination of pastures with 

chromium can allow the metal to go up the food chain, affecting animals and human 

beings (WHO, 2011). Information on heavy metal levels in pastures in the study areas 

is not available. 

3.7 Conclusion 

The concentration levels of the selected heavy metals (zinc, nickel, mercury, lead, 

chromium, and cadmium) in water samples from Middle Olifants and Mogalakwena 

rivers were similar. The concentration levels of nickel and chromium in the water of 

both rivers were within the maximum permissible levels recommended by WHO (2011) 

and DWAF (1996) for human, animal, and fish consumption. However, the present 

study indicates that the concentration levels of zinc, mercury, lead, and cadmium in 

both rivers were way above the maximum permissible levels for human, animal, and 

fish consumption. This means that the water from these rivers is not safe for human, 

animal, and fish consumption. There is, therefore, need to prevent the flow of these 

metals from the sources into the rivers. This may require determined efforts by all the 

stakeholders, that is the government of South Africa, the mines, farmers, the people, 

etc. 

The concentration levels of selected heavy metals (zinc, mercury, nickel, chromium, 

lead, and cadmium) in the soils along the banks of Middle Olifants and Mogalakwena 

rivers were similar. The concentration levels of all selected heavy metals in the soils 

along the banks of Mogalakwena river were within the USEPA (1995) and Herselman 

et al. (2006) maximum permissible levels, thus posing no adverse effects on the 
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growth of pastures and crops in the areas. Similarly, zinc, mercury, chromium, and 

cadmium concentration levels in the soils along the banks of Middle Olifants river were 

within the maximum permissible levels for crop production and hence posing no harm 

to crops and pastures grown in the areas. However, nickel and lead concentration 

levels in the soils along the banks of Middle Olifants river were above the maximum 

permissible levels of 50 and 6.60 mg/kg DM of soil for crop production (USEPA, 1995; 

Herselman et al., 2006), respectively. There would, also, be accumulation of these 

metals (nickel and lead) in the crops grown there, posing harm to animals and humans 

that may consume the crops. 

Witbuffels grass grown along the banks of Middle Olifants and Mogalakwena rivers 

had zinc, nickel, mercury, lead, and cadmium concentration levels lower than the 

maximum permissible concentration levels suggested by WHO (2011). However, 

chromium concentration levels in witbuffels grass grown along the banks of both rivers 

were higher than the maximum permissible level of 0.02 mg/kg DM of grass. This 

means that the grass grown in these areas is not suitable for grazing by livestock. 

Meat from livestock grazing such contaminated grass would pose harm to human 

beings eating it. It is, therefore, suggested to mitigate this contamination at the 

sources. There is evidence that mining and agricultural activities in Limpopo are the 

main sources of heavy metal contamination in water, soils, and pastures. Thus, 

reducing heavy metal contamination in water, soils and pastures in Limpopo province 

requires determined efforts by all stakeholders, that is mining companies, the 

government of South Africa, farmers, etc.   

Heavy metal concentrations in water, soil and pastures are seasonal, depending on 

the amounts discharged from the sources. For example, higher values are observed 

during the rainy season when there is high discharge of the metals from agricultural 

activities (Lebepe et al., 2016; Addo-Bediako et al., 2014b; DWAF, 1996). Since heavy 

metal concentrations in water, soils and pastures vary every season, it is advisable 

that the government of South Africa or its appointed body monitors seasonal heavy 

metal concentration levels.  
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                                               CHAPTER 4       
 
LEVELS OF SELECTED HEAVY METALS IN BLOOD, LIVER, KIDNEY AND MEAT 
TISSUES OF YEARLING MALE PEDI GOATS REARED ALONG THE MIDDLE 
OLIFANTS AND MOGALAKWENA RIVERBANKS 
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Abstract 

This study was carried out to determine concentration levels of zinc (Zn), chromium 

(Cr), mercury (Hg), cadmium (Cd), lead (Pb) and nickel (Ni) in blood, liver, kidney, and 

meat samples of yearling male Pedi goats grazing along the banks of Middle Olifants 

and Mogalakwena rivers in Limpopo province of South Africa. Data was analysed as 

in a complete randomised design. The concentration levels of these selected heavy 

metals were analysed using inductively coupled plasma mass spectroscopy (ICP-MS). 
Blood, liver, kidney, and meat samples of yearling male Pedi goats grazing along the 

banks of Middle Olifants river (Mogalatsana village) had similar (P>0.05) Cr, Cd, Hg, 

Ni and Pb concentration levels. However, goat liver samples had higher (P<0.05) Zn 

concentrations than meat, kidney, and blood samples. Samples of goat meat 

contained higher (P<0.05) Zn concentrations than those of kidneys and blood. 

Similarly, goat kidney samples contained more (P<0.05) Zn than blood samples. 

Blood, liver, kidney, and meat samples of Pedi goats grazing along the banks of 

Mogalakwena river (Papegaai village) contained similar (P>0.05) concentration levels 

of Cr, Cd, Hg, Ni and Pb, respectively. However, goat meat samples contained higher 

(P<0.05) Zn concentrations than liver, kidney, and blood samples. Samples of goat 

liver contained higher (P<0.05) Zn concentrations than kidney and blood samples. 

Similarly, goat kidney samples contained more (P<0.05) Zn than blood samples. It is 

concluded that within each village (Mogalatsana or Papegaai) blood, liver, kidney, and 

meat samples of yearling male Pedi goats had similar Cr, Cd, Hg, Ni and Pb 

concentration levels. However, highest Zn concentrations were found in Mogalatsana 

and Papegaai goat liver and meat samples, respectively.  

Meat, blood, liver, and kidney samples of male Pedi goats raised in Mogalatsana and 

Papegaai villages had similar (P>0.05) chromium, cadmium, mercury, nickel, and lead 

concentrations, respectively. However, liver and kidney samples of goats from 

Mogalatsana village had higher (P<0.05) zinc levels than those from Papegaai village. 

Blood and meat samples of goats from Papegaai village had higher (P<0.05) zinc 

levels than those from Mogalatsana village. The concentration levels of Zn, Ni, Pb, Cr 

and Cd in the blood, liver, kidney, and meat samples of male Pedi goats reared along 

the banks of Middle Olifants and Mogalakwena rivers were within the maximum 

permissible levels for human consumption. Mercury concentration levels in liver, 

kidney and meat samples of the goats were within the maximum permissible levels for 
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human consumption. However, mercury concentration levels in the blood of goats 

grazing along the banks of Middle Olifants and Mogalakwena rivers were above the 

maximum permissible limit of 0.2 mg/litre of blood. It was concluded that meat, livers, 

and kidneys of the goats were fit for human consumption. However, blood from these 

goats was not fit for human consumption. 

Keywords: Pedi goats, Selected heavy metals, Liver, Kidney, Blood and Meat. 

4.1 Introduction  

Environmental contamination of food is becoming an increasingly important aspect of 

food safety (El-Salam et al., 2013). There is concern with regards to consuming animal 

and plant products that are potentially contaminated with heavy metals (Snezana and 

Jordan, 2010). High levels of heavy metals in the food of animal origin are directly 

related to human illnesses (FAO/WHO, 2007). FAO/WHO (2007) further indicated that 

some metals otherwise regarded as toxic heavy metals are essential, in small 

amounts, for animal and human health. An essential heavy metal becomes lethal at 

high intakes. Grazing animals can be affected by the levels of heavy metals and hence, 

the carcinogenic, mutagenic, gonadotrophic, and embryonic effects can be detected 

(Alonso et al., 2004). However, these effects can be recognised after a certain period 

(FAO/WHO, 2007).  

The main factors affecting the accumulation of potentially toxic metals by grazing 

animals are the presence of the metal, its concentration in herbage and at the soil 

surface, including the duration of exposure to the contaminated water, pasture, and 

soil (Pollard et al., 2014). Contamination of pasture by heavy metals may be due to 

natural, accidental, and anthropogenic activities (Netshitungulwana and Yibas, 2012). 

The concentration of the metals in the top 0.075m of the soil is of relevance because 

the roots of most grasses are in this region, and it is the surface soil that may be 

ingested along with the herbage by grazing animals (Herselman et al., 2006). 

Wilkinson et al. (2003) indicated that the grazing animal can ingest the metals either 

by consuming herbage that is internally or externally contaminated or by consuming 

contaminated soil and drinking contaminated water.  

Meat, liver, and kidneys of animals are a vital source of a wide range of essential 

metals for humans but may also carry toxic metals as residues (Alonso et al., 2004). 
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The target edible body tissues for the accumulation of most toxic metals are the liver 

and kidneys because of their responsibility for storage and detoxification of toxic 

metals (Teofila et al., 2005). The residues measured in animal organs may also 

indicate the degree of contamination of the grazing area and drinking water (Okoye 

and Ugwu, 2010). To ensure the safety of goat meat, the metal levels in them should 

not exceed the permissible limits indicated in Table 4.1 (FAO/WHO, 2007). In South 

Africa, the liver, kidneys, and meat of goats are widely consumed and a major source 

of protein for the population. Mining, agricultural, and industrial activities are the main 

sources of heavy metals in South Africa (Batchelor and Engelbrecht, 1992; Ashton 

and Dabrowski, 2011). The presence of high levels of Pb, Zn and Cr have been 

reported in water of Olifants river (Dabrowski et al., 2008; Oberholster et al., 2010). 

However, concentration levels of heavy metals in livestock drinking contaminated 

water have not been determined.  

4.2 Objective  

The objective of the study was to determine the levels of Pb, Hg, Zn, Cd, Ni and Cr in 

meat, blood, liver, and kidneys of yearling male Pedi goats reared along the banks of 

Middle Olifants (Mogalatsana village) and Mogalakwena (Papegaai village) rivers. 

4.3 Hypothesis  

There are low levels of Pb, Hg, Zn, Cd, Ni and Cr in meat, blood, liver, and kidneys of 

yearling male Pedi goats reared along the banks of Middle Olifants (Mogalatsana 

village) and Mogalakwena (Papegaai village) rivers. 

Table 4.1 Maximum permissible levels of selected heavy metals in ruminants* 

Tissue type cadmium chromium Lead zinc nickel mercury 

Blood (mg/litre) 0.5 1.0 0.5 80 0.5 0.2 

Liver (mg/kg)  0.5 1.0 0.5 80 2.0 0.2 

Kidney (mg/kg) 1.0 1.0 0.5 80 2.0 0.2 

Meat (mg/kg) 0.05 1.0 0.1 80 0.5 0.2 

*    : Source, FAO/WHO (2007) 
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4.4 Methodology and analytical procedures 

4.4.1 Study site 

The study was conducted in Mogalatsana village (Middle Olifants river) (latitude 24°46′ 

S, longitude 29°25′ E) and in Papegaai village (Mogalakwena river) (Latitude 

23°11′30″S, longitude 28°41′5″E), in Limpopo province, South Africa (Figures 3.1 and 

3.2, respectively).  The two villages were selected due to their closeness to the 

University. The sites selected were Site 1 at Mogalatsana area along the Middle 

Olifants river and Site 2 at Papegaai area along the Mogalakwena river. These sites 

were fully described in Chapter 3, Section 3.5.1. 

4.4.2 Experimental animals and design  

Twelve yearling indigenous male Pedi goats with an average live weight of 17 ± 3 kg 

were used in this study. Pedi goats have small to medium frame size with short horns 

(Snyman, 2014). The goats in the study area were randomly selected and individual 

goats were used as replicates in a complete randomized block design. The sampled 

goats were selected with selection and exclusion criteria, which include, whether they 

had a history of being in the environment since birth or they have been brought into 

the area for not less than nine months and foraging along the river basins. The Pedi 

goats with the history of being brought into the area or not foraging along the river 

basin were excluded in the study. The sampled goats were reared following the 

ordinary husbandry practice of feeding systems, housing, and health care. Before the 

commencement of the experiment, the sampled goats were thoroughly inspected for 

any physical abnormalities, external parasites and the healthy ones were selected. 

 

4.4.3 Sample collection, preparation, and chemical analysis  

Eighteen male Pedi goats from each community were gathered and slaughtered under 

standard conditions that comply with the animal welfare requirements of the University 

of Limpopo Animal Research Ethics Committee (AREC). Samples of blood, meat, 

liver, and kidneys were procured from each male Pedi goat on the 14th of December, 

2019 and sent for Zn, Hg, Cr, Cd, Ni and Pb analysis 
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Blood samples were collected from each goat via the jugular vein puncture using 

hypodermic syringe and needles into heparinized bottles. The goats were properly 

restrained, and 5 mills of the blood sample were drawn from the jugular vein and 

immediately transferred into labelled sterile bottles containing ethylene diamine tetra 

acetic acid (EDTA) as an anticoagulant, thereafter, kept in a cooler box for onward 

transfer to the laboratory. The EDTA tubes used were coded as MPB (for goat blood). 

At the laboratory, the blood samples were immediately sent to Limpopo Agro-Food 

Technology Station (LATS) within the University of Limpopo for Zn, Hg, Cr, Cd, Ni and 

Pb analysis. At LATS, the blood samples were digested by the microwave digestion 

method using a standard 75 Ml digestion vessel. Heavy metals were analysed by 

PerkinElmer Titan MPS (South Africa).  

Meat, liver, and kidney samples were kept in a cooler box with ice bags for onward 

transportation to the accredited laboratory, Water Lab (PTY) Ltd, Pretoria, South Africa 

for analysis of heavy metals. Lead, Hg, Cd, Cr, Ni and Zn were analysed using 

inductively coupled plasma mass spectroscopy (ICP-MS). 

4.4.4 Statistical analysis  

Data on liver, kidney, blood, and thigh muscles of the goats were subjected to analysis 

of variance (ANOVA) (Minitab, 18.1 Version). Tukey’s HSD test was used to test the 

significant difference between treatment means at P<0.05 (Minitab, 18.1 Version). 

General linear model procedures (GML) were used to compare heavy metal levels in 

liver, kidney, blood, and meat samples. Correlation among selected heavy metal 

concentrations, blood, liver, kidney, and meat were further analysed using Pearson 

correlation coefficient at P<0.05. 

 

The responses in liver, kidney, and meat to the levels of metals were modelled using 

the following equation: 

𝑌𝑌𝑖𝑖𝑖𝑖𝑖𝑖 =  𝜇𝜇 +  𝑇𝑇𝑖𝑖 +  𝐵𝐵𝑗𝑗 +  𝑏𝑏1(𝑋𝑋1) +  𝑏𝑏2(𝑋𝑋2) + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖 

Where Y= variables measured (levels of Zn, Cd, Hg, Cr, Ni and Pb in liver, kidney, 

blood, and meat); Ti= fixed effect of the river (Middle Olifants and Mogalakwena); Bj= 

fixed effect of animal sex (male); b1: b2= correlation coefficient relating measurements 

to pasture and water; X1: X2= random effect of the heavy metals in water, pastures, 
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and soil; e= experimental error. The correlation analysis was used to initiate an 

association between levels of metals in blood, liver, kidney, and meat.  

 
 
4.5 Results 
 

Heavy metal concentration levels in blood, liver, kidney, and meat samples of yearling 

male Pedi goats grazing along the banks of Middle Olifants river (Mogalatsana village) 

were compared (Table 4.2). Blood, liver, kidney, and meat samples of yearling male 

Pedi goats grazing along the banks of Middle Olifants river (Mogalatsana village) had 

similar (P>0.05) concentration levels of Cr, Cd, Hg, Ni and Pb. However, goat liver 

samples contained higher (P<0.05) Zn concentration levels than meat, kidney, and 

blood samples. Samples of goat meat contained higher (P<0.05) Zn concentration 

levels than those of kidneys and blood samples. Similarly, goat kidney samples 

contained more (P<0.05) Zn concentration levels than blood samples (Table 4.2 and 

Figure 4.3). 

 

Table 4.2 Selected heavy metal concentration levels in blood, liver, kidney, and meat 

samples of yearling male Pedi goats grazing along the banks of Middle Olifants river 

(Mogalatsana village) * 

Heavy metal        Blood    Liver   Kidney Meat 
Chromium   0.42a ± 0.049            0.05a ± 0.010 0.05a ± 0.040 0.05a ± 0.010 

Cadmium  0.35a ± 0.032           0.04a ± 0.032 0.10a ± 0.032 0.03a ± 0.023 

Mercury 1.13a ± 0.146             0.15a ± 0.010 0.15a ± 0.056 0.15a ± 0.010 

Nickel 0.21a ± 0.020             0.21a ± 0.010 0.24a ± 0.205 0.21a ± 0.010 

Lead 0.47a ± 0.067 0.07a ± 0.040         0.20a ± 0.067 0.07a ± 0.010 

Zinc   1.10d ± 0.120 25.00a ± 1.100 15.67c ± 1.100 21.67b ± 1.100 
*           : Values presented as mean ± standard error (SE) 
a, b, c, d    : Means with different superscripts in the same row indicate significant  

              differences between treatments (P<0.05) 
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Heavy metal concentration levels in blood, liver, kidneys, and meat samples of yearling 

male Pedi goats grazing along the banks of Mogalakwena river (Papegaai village) 

were compared (Table 4.3). Blood, liver, kidney, and meat samples of Pedi goats 

grazing along the banks of Mogalakwena river contained similar (P>0.05) 

concentration levels of Cr, Cd, Hg, Ni and Pb, respectively. However, goat meat 

samples contained higher (P<0.05) Zn concentrations than liver, kidney, and blood 

samples. Samples of goat liver contained higher (P<0.05) Zn concentrations than 

kidney and blood samples. Similarly, goat kidney samples contained more (P<0.05) 

Zn than blood samples (Table 4.3 and Figure 4.4). 

 

Table 4.3 Selected heavy metal concentration levels in blood, liver, kidney, and meat 

samples of yearling Pedi goats grazing along the banks of Mogalakwena river 

(Papegaai village) * 

Heavy metal        Blood    Liver   Kidney Meat 
Chromium   0.49a ± 0.049          0.07a ± 0.049 0.05a ± 0.010 0.09a ± 0.010 

Cadmium   0.35a ± 0.032          0.03a ± 0.010 0.04a ± 0.032 0.03a ± 0.010 

Mercury 1.50a ± 0.146           0.15a ± 0.010           0.15a ± 0.040          0.15a ± 0.010 

Nickel 0.21a ± 0.014 0.81a ± 0.010 0.21a ± 0.167 0.21a ± 0.007 

Lead 0.17a ± 0.067           0.07a ± 0.010 0.07a ± 0.040 0.07a ± 0.010 

Zinc   1.10d ± 0.190 21.67b ± 1.100 14.67c ± 1.100 24.67a ± 1.100 
*           : Values presented as mean ± standard error (SE) 
a, b, c, d    : Means with different superscripts in the same row indicate significant  

              differences between treatments (P<0.05) 

 

 

Heavy metal concentrations in meat, blood, liver, and kidneys of male Pedi goats 

raised in Mogalatsana and Papegaai villages were compared (Table 4.4). Meat, blood, 

liver, and kidney samples of male Pedi goats raised in Mogalatsana and Papegaai 

villages had similar (P>0.05) chromium, cadmium, mercury, nickel, and lead 

concentration levels, respectively. However, liver and kidney samples of goats from 

Mogalatsana village had higher (P<0.05) zinc levels than those from Papegaai village. 

Similarly, blood and meat samples of goats from Papegaai village had higher (P<0.05) 

zinc levels than those from Mogalatsana village. 
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Fig 4.1 Standard error bars for each mean concentration levels of Zn in male yearling 

Pedi goat organs at Mogalatsana village along the banks of Middle Olifants river 

 

 

Fig 4.2 Standard error bars for each mean concentration levels of Zn in male Pedi 

goat organs at Papegaai village along the banks of Mogalakwena river                                                                                 
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Table 4.4 Effect of the river on levels of selected heavy metals in the blood, liver, 

kidney, and meat samples of yearling male Pedi goats grazing along the banks of 

Middle Olifants (Mogalatsana village) and Mogalakwena (Papegaai village) rivers   

                           

Tissue type                         Middle Olifants river  
(Mogalatsana village)       

Mogalakwena river 
(Papegaai village) 

Blood (mg/litre) 
Chromium 0.42a ± 0.049         0.49a ± 0.049 
Cadmium 0.35a ± 0.032 0.35a ± 0.032 
Mercury 1.13a ± 0.146 1.50a ± 0.146 
Nickel 0.21a ± 0.020 0.21a ± 0.014 
Lead 0.47a ± 0.067 0.17a ± 0.067 
Zinc 1.10b ± 0.120 1.10a ± 0.190 
 
Liver (mg/kg) 
Chromium 0.05a ± 0.010 0.07a ± 0.049 
Cadmium 0.04a ± 0.032 0.03a ± 0.010 
Mercury 0.15a ± 0.010 0.15a ± 0.010 
Nickel 0.21a ± 0.010 0.81a±0.010 
Lead 0.07a ± 0.040 0.07a ± 0.010 
Zinc 25.00a ± 1.100 21.67b ± 0.010 
 
 
Kidneys (mg/kg) 
Chromium 0.05a ± 0.040 0.05a ± 0.010 
Cadmium 0.10a ± 0.032 0.04a ± 0.032 
Mercury 0.15a ± 0.056 0.15a±0.040 
Nickel 0.24a ± 0.205 0.21a ± 0.167 
Lead 0.20a ± 0.067 0.07a±0.040 
Zinc 15.67a ± 1.100 14.67b ± 1.100 
 
Meat (mg/kg) 
Chromium 0.05a ± 0.010 0.09a ± 0.010 
Cadmium 0.03a ± 0.023 0.03a ± 0.010 
Mercury 0.15a ± 0.010 0.15a ± 0.010 
Nickel 0.21a ± 0.010 0.21a±0.007 
Lead 0.07a ± 0.010 0.07a ± 0.010 
Zinc 21.67b ± 1.100 24.67a ± 1.100 
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4.6 Discussion  
 
The present study indicates that blood, liver, kidney, and meat samples of yearling 

male Pedi goats grazing along the banks of Middle Olifants river (Mogalatsana village) 

had similar concentration levels of Cr, Cd, Hg, Ni and Pb. Other authors indicate that, 

usually, there are higher concentration levels of these heavy metals in the kidneys, 

liver, and meat samples of livestock than in the blood (El-Salam et al., 2013). The 

results of the present study indicate that male goat liver samples contained higher Zn 

concentration levels than meat, kidney, and blood samples. Goat meat samples 

contained higher Zn concentration levels than those of kidney and blood samples. 

Livestock liver, usually, contains higher levels of heavy metals because it serves as a 

site for detoxification and storage of harmful substances (El-Salam et al., 2013). 

Alonso et al. (2004) reported that zinc accumulates, mainly, in the livers and meat of 

animals because of its lower rate of elimination from these organs. Male Pedi goats 

grazing along the banks of Mogalakwena river (Papegaai village) had similar 

concentration levels of Cr, Cd, Hg, Ni and Pb. However, male goat liver samples 

contained higher Zn levels than meat, kidney, and blood samples. Goat meat samples 

contained higher Zn concentration levels than those of kidney and blood samples. El-

Salam et al. (2013) observed higher levels of zinc in the livers than in other organs of 

goats, cows, and buffalos.  The authors suggested that this was because the liver 

serves as a site for detoxification and storage of harmful substances. It, also, 

accumulates in the livers and meat of animals because of its lower rate of elimination 

from these organs (Alonso et al., 2004). 

 

Meat, blood, liver, and kidney samples of male Pedi goats raised in Mogalatsana 

(Middle Olifants river) and Papegaai (Mogalakwena river) villages contained similar 

chromium, cadmium, mercury, nickel, and lead concentration levels, respectively. 

However, liver and kidney samples of goats from Mogalatsana village had higher zinc 

concentration levels than those from Papegaai village. On the other hand, blood, and 

meat samples of goats from Papegaai village had higher zinc concentration levels than 

those from Mogalatsana village. High levels of zinc in the blood may be an indication 

of recent exposure of the animals to zinc contamination, either in water or pastures. 

Zinc is essential for normal functioning of cells, protein synthesis, carbohydrate 

metabolism, cell growth and cell division in animals and humans (Mohod and Dhote, 



57 
 

2013). Zinc accumulates preferentially in muscles, livers, and kidneys of animals (El-

Salam et al., 2013). 

The concentration levels of zinc, nickel, lead, chromium and cadmium in the blood, 

liver, kidney, and meat samples of male Pedi goats reared along the banks of Middle 

Olifants and Mogalakwena rivers were within the maximum permissible levels (Table 

4.1) for human consumption (FAO/WHO, 2007). Mercury concentration levels in liver, 

kidney and meat samples of the goats were within the maximum permissible levels for 

human consumption. However, mercury concentration levels in the blood of goats 

grazing along the banks of Middle Olifants and Mogalakwena rivers were above the 

maximum permissible limit of 0.2 mg/litre of blood (FAO/WHO, 2007). Higher levels of 

mercury in the blood may be an indication of recent exposure of the animals to mercury 

contamination, either in water or pastures (Akoto et al., 2014). Normally, mercury 

preferentially accumulates in the kidneys (FAO/WHO, 2007). The deposition of 

mercury in animal organs is rapid but its elimination is slow (Akoto et al., 2014). The 

present findings mean that livers, kidneys, and meat from the goats were fit for human 

consumption. However, blood from these animals was not fit for human consumption. 

Consumption of high levels of mercury damages the nervous, digestive, and immune 

systems of animals and humans (Chen et al., 2012). High levels of methyl mercury in 

the blood systems of animals and humans may affect hearing, vision, and immunologic 

systems. Severe cases result in brain damage and death of the affected animals or 

humans (WHO, 1991). It is likely that mercury contamination in the present study was 

through animals drinking and eating contaminated water and pastures, respectively. 

However, the main sources of mercury contamination are the mining and heavy metal 

industries in the surrounding areas (Herselman et al., 2006; Herselman and Steyn, 

2001). Akoto et al. (2014) found that mercury levels in meat tissues of free-ranging 

sheep and goats were above the maximum permissible limits at a gold mining town in 

Ghana.  Information on heavy metal levels in livestock raised in the study areas was 

not available. 
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4.7 Conclusion  
Data from the present study produced useful information about the concentration of 

Pb, Hg, Ni, Cd, Cr and Zn in blood, kidney, liver, and meat samples of yearling male 

Pedi goats reared in Mogalatsana (Middle Olifants river) and Papegaai (Mogalakwena 

river) villages, in Limpopo province of South Africa. The concentration levels of Cr, Cd, 

Hg, Ni, Pb and Zn in meat, kidney and liver samples of male Pedi goats were below 

the maximum permissible limits for human consumption. This means that consumption 

by humans of meat, kidneys and livers from these goats would not cause any harm.  

However, blood samples of the goats had Hg concentration levels above the maximum 

permissible limit for human consumption. This means that blood form these goats was 

not good for human consumption. Consumption by human beings of such 

contaminated blood can lead to serious health problems. Consumption by human 

beings of high levels of mercury damages the nervous, digestive, and immune 

systems (Chen et al., 2012). Severe cases result in brain damage and death of the 

affected humans (WHO, 1991). It is, therefore, important to stop mercury 

contamination from the source. The main sources of mercury contamination are the 

mining and heavy metal industries in the surrounding areas (Herselman et al., 2006; 

Herselman and Steyn, 2001). It is the responsibility of the government of South Africa 

and other stakeholders to implement strategies aimed at reducing mercury 

contamination in Limpopo province.  
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5.1 General discussion  
There were no differences in zinc, mercury, lead, nickel, and cadmium concentration 

levels in water samples collected from Middle Olifants (Mogalatsana village) and 

Mogalakwena (Papegaai village) rivers. However, the concentrations of zinc, mercury, 

lead, and cadmium in the water samples from both Middle Olifants (Mogalatsana 

village) and Mogalakwena (Papegaai village) rivers were above the maximum 

permissible levels for human, animal, and fish consumption. There are reports 

indicating that fish in both rivers is contaminated with heavy metals (Addo-Bediako et 

al., 2014a). Information on the health of people in these villages is not available. 

However, it is known that people drinking water contaminated with heavy metals end 

up with severe and or fatal health problems (WHO, 2007). It is, therefore, important 

that a study looking into the effects of consuming such contaminated water on the 

health of the people be conducted in future. Present literature indicates that the major 

sources of heavy metal pollution in Limpopo province of South Africa are the mines, 

heavy metal industries and agricultural activities (Lebepe et al., 2016; Addo-Bediako 

et al., 2014b; DWAF, 1996). It is also recommended that strategies for reducing heavy 

metal contamination in these rivers be developed and implemented by the government 

of South Africa and other stakeholders. This would be good for humanity. 

 

The soils along the banks of Middle Olifants and Mogalakwena rivers had similar 

concentration levels of zinc, mercury, nickel, chromium, lead, and cadmium. The 

concentration levels of zinc, mercury, nickel, chromium, lead, and cadmium in the soils 

along the banks of Mogalakwena river were within the USEPA (1995) and Herselman 

et al. (2006) maximum permissible levels, thus posing no harm to the growth of 

pastures and crops in the areas. Similarly, zinc, mercury, chromium, and cadmium 

concentration levels in the soils along the banks of Middle Olifants river were within 

the maximum permissible levels for crop production and hence posing no harm to 

crops and pastures grown in the areas. However, nickel and lead concentration levels 

in the soils along the banks of Middle Olifants river were above the maximum 

permissible levels of 50 and 6.60 mg/kg DM of soil for crop production, respectively 

(USEPA, 1995; Herselman et al., 2006). Accumulation of these metals in the pastures 

that grow there can cause harm to animals that may consume them. The main sources 

of nickel and lead in the soils along the banks of Middle Olifants river are the mines 

and heavy metal industries (Herselman et al., 2006; Herselman and Steyn, 2001).  
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Pastures play a significant role in the food chain (Khan et al., 2008). Goats in these 

areas depend on pastures for their nutrient requirements. Pastures having higher 

heavy metal concentrations than the maximum permissible levels may pose harm to 

animals consuming them (WHO, 2011). The concentration levels of zinc, nickel, 

mercury, lead, and cadmium in pastures grown along the banks of Middle Olifants and 

Mogalakwena rivers were within the maximum permissible levels for pasture growth. 

However, chromium concentration levels in the pastures grown along the banks of 

both rivers were above the maximum permissible level of 0.02 mg/kg DM of pasture 

(WHO, 2011). Thus, such pastures are not good for animal consumption. 

Contamination of pastures with chromium can allow the metal to go up the food chain, 

affecting animals and hence human beings (WHO, 2011). The main sources of 

chromium in these soils are mining and heavy metal industries (Herselman et al., 

2006; Herselman and Steyn, 2001).  

 

The concentration levels of zinc, nickel, lead, chromium and cadmium in the blood, 

liver, kidney, and meat samples of male Pedi goats reared along the banks of Middle 

Olifants and Mogalakwena rivers were within the maximum permissible levels for 

human consumption (FAO/WHO, 2007). Similarly, mercury concentration levels in 

liver, kidney and meat samples of the goats were within the maximum permissible 

levels for human consumption. However, mercury concentration levels in the blood of 

Pedi goats grazing along the banks of Middle Olifants and Mogalakwena rivers were 

above the maximum permissible level of 0.2 mg/litre of blood. The present findings 

mean that livers, kidneys, and meat from the goats were fit for human consumption. 

However, blood from these animals was not fit for human consumption. It is likely that 

mercury in the male Pedi goat blood in the present study was through animals drinking 

the water which was high in mercury. The blood and meat of the goats raised in these 

villages are consumed by the people residing there. However, the impact of 

consuming such contaminated blood on the health of the people is not known.  There 

is, therefore, need to conduct further studies on the effect of heavy metals on the 

people residing in the two villages.  
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5.2 Conclusions 
This study determined the concentration levels of zinc, mercury, nickel, cadmium and 

lead water, soils, pastures, and meat tissues of yearling male Pedi goats reared along 

the banks of Middle Olifants (Mogalatsana village) and Mogalakwena (Papegaai 

village) rivers. There were no differences in zinc, mercury, lead, nickel, and cadmium 

concentration levels in water samples collected from Middle Olifants (Mogalatsana 

village) and Mogalakwena (Papegaai village) rivers. However, the concentrations of 

zinc, mercury, lead, and cadmium in the water samples from both rivers were above 

the maximum permissible levels for human, animal, and fish consumption. This means 

that the water from these rivers is not good for animal and human consumption. 

Animals and people drinking water contaminated with heavy metals end up with 

severe and or fatal health problems (WHO, 2007).  

 

The concentration levels of all selected heavy metals in the soils along the banks of 

Mogalakwena river were within the maximum permissible levels, thus posing no 

adverse effects on the growth of pastures in the areas. Similarly, zinc, mercury, 

chromium, and cadmium concentration levels in the soils along the banks of Middle 

Olifants river were within the maximum permissible levels for pasture production, and 

hence, posing no harm to pastures grown in the areas. However, nickel and lead 

concentration levels in the soils along the banks of Middle Olifants river were above 

the maximum permissible levels. Accumulation of these metals in the pastures grown 

there would be harmful to animals that may consume them. 

The concentrations of zinc, nickel, mercury, lead, and cadmium in Witbuffels grass 

grown along the banks of Middle Olifants and Mogalakwena rivers were within the 

maximum permissible levels for pasture growth. However, chromium concentration 

levels in the pastures grown along the banks of both rivers were above the maximum 

permissible level of 0.02 mg/kg DM of pasture (WHO, 2011). This means that the grass 

grown in these areas is not suitable for grazing by livestock. The grass was, therefore, 

not fit for animal consumption.  

Meat, blood, liver, and kidney samples of male Pedi goats raised in Mogalatsana and 

Papegaai villages had similar chromium, cadmium, mercury, nickel, and lead 

concentration levels, respectively. However, liver and kidney samples of goats from 

Mogalatsana village had P higher zinc levels than those from Papegaai village. 
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Similarly, blood and meat samples of goats from Papegaai village had higher zinc 

levels than those from Mogalatsana village. The concentration levels of chromium, 

cadmium, mercury, nickel, lead and zinc in meat, kidney, and liver samples of male 

Pedi goats from both villages were below the maximum permissible limits for human 

consumption. This means that consumption by humans of meat, kidneys and livers 

from these goats would not cause any harm.  However, blood samples of the Pedi 

goats had mercury concentration levels above the maximum permissible limit for 

human consumption. This means that blood from these goats was not good for human 

consumption. Consumption by human beings of high levels of mercury damages the 

nervous, digestive, and immune systems (Chen et al., 2012). 

 

5.3 Recommendations 
 

Results of this study indicate that water, soils, pastures, and blood of goats from the 

study areas had one or more heavy metals above the maximum permissible limits. 

This means water and blood of goats from these areas are not good for human 

consumption. Thus, it is important to study the effects of these heavy metals on the 

health of humans who are drinking and eating contaminated water and blood, 

respectively. Further investigations of the effects of these heavy metals in cattle, sheep 

and other livestock needs to be addressed.   

 

There is evidence that mining, heavy metal industries and agricultural activities in 

Limpopo province are the main sources of heavy metal contamination in water, soils, 

pastures, and goats. There is, therefore, need to formulate and implement strategies 

aimed at reducing the contamination. Since heavy metal concentrations in water, soils 

pastures and animals vary every season (Lebepe et al., 2016; Addo-Bediako et al., 

2014b; DWAF, 1996), it is advisable that the government of South Africa or its 

appointed body monitors seasonal heavy metal concentration levels in the affected 

areas.  

 

 

 



64 
 

 

 

 

 

 

 

       CHAPTER 6 
 

REFERENCES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



65 
 

Addo-Bediako, A., Marr, S.M., Jooste, A. and Luus-Powell, W.J. 2014a. Are metals in 

the muscle tissue of Mozambique tilapia a threat to human health? A case study of 

two impoundments in the Olifants River, Limpopo province, South Africa. International 

Journal of Limnology 50: 201-210. 

 

Addo-Bediako, A., Marr, S.M., Jooste, A. and Luus-Powell, W.J. 2014b. Human health 

risk assessment for silver catfish, Schilbe intermedius Rüppell, 1832, from two 

impoundments in the Olifants River, Limpopo, South Africa. Water SA 40: 607-614. 

 

Adeleken, B. and Abegunde, K. 2011. Heavy metal contamination of soil and ground 

water at automobile mechanic village in Ibadan, Nigeria. International Journal of the   

Physical Sciences 6: 1045-1058. 

 

Agency for Toxic Substances and Disease Registry. 2008. Heavy metals Toxicity. 

Where are heavy metals found? Case Studies in Environmental Medicine (CSEM). 

U.S Journal on Environmental health 5: 80-88. 

 

Agency for Toxic Substances and Disease Registry. 2005. Agency for toxic 

substances and disease registry. Toxicological Profile for Cadmium. Available from: 

http://www.atsdr.cdc.gov/toxprofiles/tp60.html Accessed: 3 March 2009. 

 

Akan, J. C., Abdulrahman, F. I., Sodipo, O. A. and Chiroma, Y. A. 2010. Distribution 

of Heavy metal in the liver, kidney and meat of beef, mutton, caprine and chicken from 

Kasuwan Shanu Market in Maiduguri Metropolis Borno State, Nigeria. Research 

Journal of Applied Sciences, Engineering and Technology 2(8): 743-748. 

 

Akan, J.C., Sodipo, O.A., Liman, Y. and Chellube, Z.M. 2014. Determination of heavy 

metals in blood, urine and water samples by Inductively Coupled Plasma Atomic 

Emission Spectrophotometer and Fluoride Using Ion-Selective Electrode. Journal of 

Analytical and Bioanalytical Techniques 5: 47-56. 



66 
 

Aken, M., Limpitlaw, D., Lodewijks, H. and Viljoen, J. 2012. Post-mining rehabilitation, 

land use and pollution at collieries in South Africa. Presented at the Colloquium: 

Sustainable Development in the Life of Coal Mining. 13 July 2005, Boksburg. 

 

Akoto, O., Bortey-Sam, N., Nakayama, S.M.M., Ikenaka, Y., Baidoo, E., Yohannes, 

Y.B., Mizukawa, H. and Ishizuka, M. 2014. Distribution of heavy metals in organs of 

sheep and goat reared in Obuasi: A Gold Mining Town in Ghana. International Journal 

of Environmental Science and Toxicology Research 2(2): 81-89.  

 

Alexandre, G., González-García, E., Lallo, C.H.O., Ortega-Jimenez, E., Pariacote, F., 

Archimède, H. and Mandonnet, N. 2010. Goat management and systems of 

production: Global framework and study cases in the Caribbean. Small Ruminant 

Research 89: 193-206. 

 

Alloway, B.G. 1999. Land contamination and reclamation. In understanding our 

environment: 199-236. 

 

Alloway, J.B. 2013. Heavy metals in soil. Trace metals and metalloids in soil and their 

bioavailability. Springer, Dordrecht: 122-152.  

 

Alonso, M.L., Montaña, F.P., Miranda, M., Castillo, C., Hernández, J. and Benedito, 

J.L. 2004. Interactions between toxic (As, Cd, Hg and Pb) and nutritional essential 

(Ca, Co, Cr, Cu, Fe, Mn, Mo, Ni, Se, Zn) elements in the tissues of cattle from NW 

Spain. Journal of Biochemical Metals 17: 389-397. 

 

Amoah, E.A., Gelaye, S., Guthrie, P. and Rexroad, J.C.E. 1996. Breeding season and 

aspects of reproduction of female goats1. Journal of Animal Science 74: 723-728. 

 



67 
 

Aneja, V.P., Isherwood, A. and Morgan, P. 2012. Characterization of particulate matter 

(PM10) related to surface coal mining operations in Appalachia. Atmospheric 

Environment 54: 496-501. 

 

AOAC, 2005. Official Method of Analysis of Association of Official Analytical Chemists, 

International 18th edition, Washington D.C. 56-58. 

 

Ashton, P.J and Dabrowski, J. 2011. An overview of water quality and the causes of 

poor water quality in the Olifants River catchment. WRC Report No. K8/887. Pretoria: 

Water Research Commission 20: 489-493. 

 

Ashton, P.J. 2010. The demise of the Nile Crocodile (Crocodylus niloticus) as a 

keystone species for aquatic ecosystem conservation in South Africa: The case of the 

Olifants River. Editorial. Aquatic Conserve: Marine Freshwater Ecosystem 20: 489-

493. 

 

Aziz, M.A. 2010. Present status of the world goat population and their productivity. 

Lohmann Information 45: 42-52. 

 

Babiker, S.A., El Khider, I.A and Shafie, S.A. 1990. Chemical composition and quality 

attributes of goat meat and lamb. Meat Science 28: 273-277. 

 

Bala, A., Muhammad, L.U., Pewana, S.B., Ahmed, M.S., Muhammad, M., Junaidub, 

M.D. Salihub, A.A. Magajib, O.O., Falekeb, B.M., S.A. Anzakuc. S.A and Saulawa, 

M.A. 2013. Determination of Pb residue in kidney, liver and muscle of slaughtered 

cattle in Jos Central Abattoir, Plateau State, Nigeria. Journal of Environmental 

Science, Toxicology and Food Technology 7: 48-51. 

 

Batchelor, O.R and Engelbrecht, J. 1992. Acid rain and toxic water. Fauna and Flora: 

4815-4821. 



68 
 

Bell, F.G.B., Bullock, S.E.T., Halbich, T.F.J. and Lindsay, P. 2001. Environmental 

impacts associated with an abandoned mine in the Witbank Coalfield, South Africa. 

International Journal of Geology 45: 195-216. 

 

Ben Salem, H. and Smith, T. 2008. Feeding strategies to increase small ruminants’ 

production in dry environments. Small Ruminant Research 77: 174-194.  

 

Bian, Z., Inyang, H.I., Daniels, J.L., Otto, F. and Struthers, S. 2010. Environmental 

issues from coal mining and their solutions. Mining Science and Technology 20: 215-

223. 

  

Bloodworth, A.J., Scott, P.W and McEvoy, F.M. 2009. Digging the backyard: Mining 

and quarrying in the UK and their impact on land use. Land Use Policy 26: 317-325. 

 

Bonanno, G. and Lo Giudice, R. 2010. Heavy metal bioaccumulation by the organs of 

Phragmites australis (common reed) and their potential use as contamination 

indicators. Ecological Indicators 10: 639-645. 

  

Bragato, C., Schiavon, M., Polese, R., Ertani, A., Pittarelo, M. and Malagoli, M. 2009. 

Seasonal variations of Cu, Zn, Ni, and Cr concentration in Phragmites australis in a 

constructed wetland of North Italy. Desalination 246: 35-44.  

 

Burt, R.L., Williams, W.T., Gillard, P. and Pengelly, B.C. 1980. Variation within and 

between some perennial Urochloa species. Australia Journal of Botany 28: 343-356. 

 

Casey, N.H., Van Niekerk, W.A and Webb, E.C. 2003. Goats meat. In: Caballero, B., 

Trugo, L & Finglass, P editors. Encyclopedia of food sciences and nutrition. Academic 

Press, London: 2937-2944. 

 

Casey, N.H. and Webb, E.C. 2010. Managing goat production for meat quality. Small 

Ruminant Research 89: 218-224. 



69 
 

Cempel, M. and Nikel, G. 2006. Nickel: A review of its sources and Environmental 

Toxicology. Polish Journal of Environmental Studies 15(3): 375-382. 

 

Chen, C.W., Chen, C.F. and Dong, C.D. 2012. Distribution and accumulation of 

mercury in sediments of Kaohsiung River Mouth, Taiwan. APCBEE Procedia 1: 153-

158.  

 

Clutton-Brock, J. 2000. Cattle, sheep, and goats south of the Sahara: an 

archaeological perspective. In: Blench, R.M & MacDonald, K.C, editors. The origins 

and development of African Livestock: Archaeology, Genetics, Linguistics and 

Ethnography, London. UCL Press: 30-37. 

 

Coetzee, L., du Preez, H.H. and van Vuren, J.H.J. 2002. Metal concentrations in 

Clarias gariepinus and Labeo umbratus from the Olifants and Klein Olifants River, 

Mpumalanga, South Africa: zinc, copper, manganese, lead, chromium, nickel, 

aluminium and iron. Water South Africa 28: 433-448. 

 

Correll, R.L., Smith, E., Naidu, R., Huq, S.M.I. and Barnes, M.B. 2004. Estimation of 

human arsenic uptake via the food chain in Bangladesh (Report No. 04/194), Adelaide: 

CSIRO. 

 

Dabrowski, J.M., Ashton, P.J., Murray, K., Leaner, J.J. and Mason, R.P. 2008. 

Anthropogenic mercury emissions in South Africa: Coal combustion in power plants. 

Atmosphere. Environmental Journal 42: 6620-6626. 

 

Dallas, H. and Day, J. 2004. The effect of water quality variables on aquatic 

ecosystems. Water Research Commission, Freshwater Research Unit. Cape Town: 

University of Cape Town.  

 



70 
 

Dasbasi, T., Sacmaci, S., Ulgen, A. and Kartal, S. 2016. Determination of some metal 

ions in various meat and baby food samples by atomic spectrometry. Food Chemistry 

197: 107-130.  

 

Department of Agriculture Forestry and Fisheries. 2012. A profile of the South African 

goat market value chain [online]. Department of Agriculture, Forestry and Fisheries, 

Pretoria, South Africa. 

 

Department of Water Affairs and Forestry. 1996. South African Water Quality 

Guidelines Volume 7: Aquatic Ecosystems, Department of Water Affairs and Forestry, 

Pretoria, South Africa. 

 

Demirezen, D. and Uruç, K. 2006. Comparative study of trace elements in certain fish, 

meat and meat products. Meat Science 74: 255-260.  

 

Devendra, C. 2006. Small ruminants in Asia: Contribution of food security poverty 

alleviation and opportunities for productivity enhancement. Retrieved 09 August 2008, 

from http://www.mekarn.org/procsr/devendra.pdf . 

 

Devendra, C. 2010. Concluding synthesis and the future for sustainable goat 

production. Small Ruminant Research 89: 125-130. 

 

De Villiers, S. and Mkwelo, S.T. 2009. Has monitoring failed the Olifants River, 

Mpumalanga? Water South Africa. 35 (5): 671-676. 

 

Dheeba, B and Sampathkumar, P. 2012. Evaluation of heavy metal contamination in 

surface soil around industrial area, Tamil Nadu, India. International Journal of 

Chemistry Technology and Research 4: 1229-1240. 

http://www.mekarn.org/procsr/devendra.pdf


71 
 

Domestic Animal Genetic Resources Information Systems (DAGRIS). 2007. In: Rege, 

J.E.O., Hanotte, O., Mamo, Y., Asrat, B. and Dessie, T. editors. International Livestock 

Research Institute, Addis Ababa, Ethiopia, available at: http://dagris.ilri.cgiar.org. 

 

Dudka, S. and Adriano, D. C. 1997. Environmental impacts of metal ore mining and 

processing. Journal of Environmental Quality 26(3): 590-602. 

 

du Preez, H.H., Heath, R.G.M., Sandham, L.A. and Genthe, B. 2003. Methodology for 

the assessment of human health risks associated with the consumption of chemical 

contaminated freshwater fish in South Africa. Water South Africa 29: 69-90. 

 

Edokpayi, J.N., Odiyo, J.O., Msagati, T.A.M. and Popoola, E.O. 2015. Removal 

efficiency of fecal indicator organisms, nutrients and heavy metals from a Peri-Urban 

Wastewater Treatment Plant in Thohoyandou, Limpopo Province, South Africa. 

International Journal of Environmental Research Public Health 12: 7300-7320.  

 

Edokpayi, J.N., Odiyo, J.O., Popoola, O.E. and Msagati T.A.M. 2016. Assessment of 

trace metals contamination of surface water and sediment: A case study of Mvudi 

River, South Africa. Sustainability 8: 135-136. 

 

El-Salam, N. M. A., Ahmad, S., Basir, A., Rais, A.K., Bibi, A., Ullah R. and Hussain, I. 

2013. Distribution of heavy metals in the liver, kidney, heart, pancreas and meat of 

cow, buffalo, goat, sheep and chicken from Kohat market Pakistan. Life Science 

Journal. 10 (7s): 10-12. 

 

FAO/WHO. 2007. Joint FAO/WHO food standards programme codex alimentation 

commission 13 Session. Report of the thirty 8th session of the codes committee on   

food hygiene. Houston, United State of America, ALNORM 07 March 13. 

 

Galal, S. 2005. Biodiversity in goats. Small Ruminant Research. 12 July 2009. 

http://dagris.ilri.cgiar.org/


72 
 

Greenpeace International. 2008. The true cost of coal: how people and the planet are 

paying the price for the world’s dirtiest fuel. Amsterdam: The Netherlands. 

 

Grobler, D.F., Kempster, P.L. and Van der merwe, L. 1994. A note on the occurrence 

of metals in the Olifants River, Easter Transvaal, South Africa. Water South Africa 20: 

195-204. 

 

Han, F.X., Su, Y., Monts, D.L., Waggoner, A.C. and Plodinec, J.M. 2006. Binding 

distribution, and plant uptake of mercury in a soil from Oak Ridge, Tennesse, USA. 

Scientific Total Environment 368: 753-768. 

 

Harmanescu, M., Alda, L.M., Bordean, D.M., Gogoasa, I. and Gergen, I. 2011. Heavy 

metals health risk assessment for population via consumption of vegetables grown in 

old mining area; a case study: Banat County, Romania. Chemistry Centre Journal 5: 

5-64. 

 

Harwood, M.R., Hacker, J.B. and Mott, J.J. 1996. Urochloa mosambicensis: a grass 

with potential for coal mine revegetation in central Queensland. Tropical grasslands 

30: 151-152. 

 

Heath, R., Coleman, T. and Engelbrecht, J. 2010. Water quality overview and literature 

review of the ecology of the Olifants River. WRC Report No. TT 452/10. Pretoria: 

Water Research Commission. 

 

Herselman, J.E. and Steyn, C.E. 2001. Predicted concentration of trace elements in 

South African soils. Report no GW/A/2001/14, ARC-ISCW, Pretoria.  

 

Herselman, J.E., Steyn, C.E. and Fey, M.V. 2006. Baseline concentration of Cd, Co, 

Cr, Cu, Pb, Ni and Zn in surface soils of South Africa. South African Journal of Science 

101: 509-512. 



73 
 

Hilson, G.M. 2002. An overview of land use conflicts in mining communities. Land Use 

Policy 19: 65-73. 

 

Hilson, G.M. 2006. Improving environment, economic and ethical performance in the 

mining industry: Part 1: Environmental management and sustainable development. 

Journal of Cleaner Production 14: 225-226. 

 

Hobbs, P.J., Oelofse, S.H.H. and Rascher, J. 2008. Management of environmental 

impacts from coal mining in the upper Olifants River catchment as a function of age 

and scale. International. Journal. Water Resources 24 (3): 417-431. 

 

Hobbs, P.J. and Kennedy, K. 2011. Acid mine drainage: Addressing the problem in 

South Africa. Report no. CSIR/NRE/WR/IR/2011/0029/A. Council for Scientific and 

Industrial Research. 51.  

 

Howard, G., Denys, F., Walker, N. and Gorgens, A. 2013. Limpopo River Basin 

Monograph: Surface Water Hydrology. Limpopo Watercourse Commission 

(LIMCOM). 

 

Howard, J. 2016. Coal mining and the ongoing crisis: economics, finance, and risk. 

Inside Mining 9(8): 8-9. 

 

Hunter, P. 2009. "Extended phenotype redux. How far can the reach of genes extend 

in manipulating the environment of an organism?". EMBO Reports. 10 (3): 212-215.  

 

International Agency for Research on Cancer, monographs. 2014. Agents classified 

by IARC monographs, Volume 1-10, monographs. iarc. In: Koréneková, B., Skalická, 

M. and Nad, P. Veterinarski Arhive. 2002.72.259. 

 



74 
 

Jabeen, G., Javed, M. and Azmat, M. 2012. Assessment of heavy metals in the fish 

collected from the River Ravi, Pakistan. Pakistan Veterinary Journal 32: 107-111. 

 

Jeffrey, L. 2005a. Challenges associated with further development of the Waterberg 

coalfield. Journal of the South African Institute of Mining and Metallurgy 105: 453-458. 

 

Jooste, A., Marr, S.M., Addo-Bediako, A. and Luus-Powell, W.J. 2014. Metal 

bioaccumulation in the fish of the Olifants River, Limpopo province, South Africa, and 

the associated human health risk: a case study of rednose labeo Labeo rosae from 

two impoundments. African Journal of Aquatic Science 39: 1-7. 

 

Jooste, A., Marr, S.M., Addo-Bediako, A. and Luus-Powell, W.J. 2015. Sharp tooth 

catfish shows its metal: a case study of metal contamination at two impoundments in 

the Olifants River, Limpopo River system, South Africa. Ecotoxicology and 

Environmental Safety 112: 96-104. 

 

Kabata-Pendiad, A. and Pendias H. 2001. Trace elements in soils and plants. 3rd 

edition CRC Press, London. ISBN 0-8493-1575-1. 

 

Khan, S., Cao, Q., Zheng, Y.M., Huang, Y.Z. and Zhu, Y.G. 2008. Health risks of heavy 

metals in contaminated soils and food crops irrigated with wastewater in Beijing, 

China. Environmental Pollution 152: 686-692. 

 

Khan, A., Javid, S., Muhmood, A., Mjeed, T., Niaz, A. and Majeed, A. 2013a. Heavy 

metal status of soil and vegetables grown on peri-urban area of Lahore district. Soil 

Environmental 32: 49-54 

 

Kaonga, B and Kgabi, N.A. 2009. Atmosphere particulate matter in the Marikana 

mining areas of Rustenburg, South Africa. European Journal of Scientific Research 

34: 271-279. 



75 
 

Khalid, B. Y. and Tinsley, J. 1980. Some effects of nickel toxicity on rye grass. Plant 

and Soil 55(1): 139-144.  

 

Lebbie, S.H.B. and Ramsay, K. 1999. A perspective on conservation and management 

of small ruminant genetic resources in the Sub-Saharan Africa. Small Ruminant 

Research 34: 231-247. 

 

Lebepe, J., Marr, S.M. and Luus-Powell, W.J. 2016. Metal contamination and human 

health risk associated with the consumption of Labeo rosae from the Olifants River 

system, South Africa, African Journal of Aquatic Science 41 (2): 161-170.  

 

Lehloenya, K.C., Greyling, J.P.C. and Schwalbach L.M.J. 2005. Reproductive 

performance of South African indigenous goats following estrous synchronization and 

AI. Small Ruminant Research 57: 115-120. 

 

Lehloenya, K.C., Greyling, J.P.C. and Schwalkbach, L.M.J. 2007. Small-scale 

livestock farmers in the peri-urban areas of Bloemfontein, South Africa. South Africa 

Journal Agricultural Extension 36: 217-226. 

 

Lin, C., Tong, X., Lu, W., Yan, L., Wu, Y., Nie, C., Chu, C. and Long, J. 2010. 

Environmental impacts of surface mining on mined lands, affected streams and 

agricultural lands in the Dabaoshan Mine region, Southern China. Land degradation 

and Development 16: 463-474. 

 

Liu, W.Z., Liu, G.H. and Zhang, Q.F. 2011. Influence of vegetation characteristics on 

soil denitrification in shoreline wetlands of the Danjiangkou reservoir in China. 

Clean−Soil, Air and Water 39: 109-115. 

 

Lokeshwari, H. and Chandrappa, G.T. 2006. Impact of heavy metal contamination of 

Bellandur lake on soil and cultivated vegetation. Current Science 91: 622-627. 



76 
 

Lopez, M.J., Guisado, G., Vargas-Garcia, M.C., Suarez-Esterella, F. and Moreno, J. 

2006. Decolorization of industrial dyes by ligninolytic microorganisms isolated from 

environment. Enzyme for Microbiol Technology 40:42-45. 

 

Luqueno, F.F., Valdez, F.L., Melo, P.G., Suarez, S.L., Gonzalez, E.N.A., Martinez, 

A.I., Guillermo, M.S.G., Martinez, G.H.M., Mendoza, R.H., Garza, M.A.A. and 

Velazquez, R.P. 2013. “Heavy metal pollution in drinking water-a global risk for human 

health: A review”. African Journal of Environmental Science and Technology 7(7): 567-

584. 

 

Lurie, J. 1977. South African Geology. Johannesburg: McGraw-Hill. 

 

Mclvor, J.G, Mannetje, L. and Jones, R.M. 1992. Urochloa mosambicensis. Plant 

Resource of South East Asia 4. Forages: 230-231. 

 

Mann, R.M., Vijver, M.G., and Peijnenburg, W.J.G.M. 2011. Metals and metalloids in 

terrestrial systems: Bioaccumulation, biomagnification and subsequent adverse 

effects. In: F. Sánchez-Bayo, P. J., van den Brink, & R. M. Mann editors. Ecological 

impacts of toxic chemicals. 43-62. 

 

Masindi, V., Gitari, M.W., Tutu, H and DeBeer, M. 2015. Efficiency of ball milled South 

African bentonite clay for remediation of acid mine drainage. Journal of Water Process 

Engineering 8: 227-240. 

 

Mavis, J. 2003. Water use in industries of the future: mining industry. In: Industrial 

Water Management: a systems approach, 2nd Edition, prepared by CH2M HILL for 

the center for waste reduction technologies, American Institute of Chemical Engineers, 

New York. 

 

 



77 
 

Messer, R.L., Lockwood, P.E., Tseng, W.Y., Edwards, K., Shaw, M., Caughman, G.B., 

Lewis, J.B. and Wataha, J.C. 2005. Mercury (II) alters mitochondrial activity of 

monocytes at sublethal doses via oxidative stress mechanisms. Journal of Biomedical 

Material Research Part B 75: 257-263. 

 

Miles, G. 2007. Indigenous veld goats made for Africa (Online). Available: http:// 

www.farmersweekly.co.za/article.aspx?id=673&h=Indigenous-Veld-Goats:made-for-

Africa. 

 

Minitab 18.1 Statistical Software. 2017. Computer software. LEAD Technologies. 
State College, PA: Minitab, Inc. USA www.minitab.com. 

 

Miranda, M., Lopez-Alonso, M., Castillo, C., Hermandez, J. and Benedito, J.L. 2005. 

Effects of moderate pollution on toxic and trace metals levels in calves from a polluted 

area of northern Spain. Environmental Instrumentation 31: 543-548. 

 

Mitsch, W.J. and Wise, K.M. 1998. Water quality, fate of metals, and predictive model 

validation of a constructed wetland treating acid mine drainage. Water Research 32: 

1888-1900. 

 

Mohy El-Deen, A.M., Hassan, A., Samak, M. and Abo-Elezz, Z.R. 1985. Changes in 

milk yield and certain blood biochemical components of cross-bred (Baladi x Angora) 

goats and their correlation associated with lactation, pregnancy and dry seasons. 

World Review of Animal Production 21(3): 35-40. 

 

Mohod, C.V. and Dhote, J. 2013. “Review of heavy metals in drinking water and their 

effect on human health”, International Journal of Innovative Research in Science, 

Engineering and Technology 2(7): 2992-2996. 

 

 

http://www.farmersweekly.co.za/article.aspx?id=673&h=Indigenous-Veld-Goats:made-for-Africa
http://www.farmersweekly.co.za/article.aspx?id=673&h=Indigenous-Veld-Goats:made-for-Africa
http://www.minitab.com/


78 
 

Morand-Fehr, P., Boutonnet, J. P., Devendra, C., Dubeuf, J. P., Haenlein, G. F. W., 

Holst, P., Mowlem, L. and Capote, J. 2004. Strategy for goat farming in the 21st 

century. Small Ruminants Research 51: 175-183.  

 

Morrison, J. 2007. A guide to the identification of the Natural Indigenous Goats of 

Southern Africa (Online). Available: http://landbou.com/wp-content/uploads/ 

2014/03/f2297405-a93f-4399-bdb76f3de538d75d. 

 

Mucina, L. and Rutherford, M.C. 2006. The Vegetation of South Africa, Lesotho and 

Swaziland. South African National Biodiversity Institute (SANBI), Pretoria, South 

Africa. 19-20. 

 

Munnick, V. 2010. The social and environmental consequences of coal mining in 

South Africa: a case study. A joint initiative of environmental monitoring group, Cape 

Town, South Africa and Both ENDS, Amsterdam, The Netherlands. 

 

Musilova, J., Arvay, J., Vollmannova, A., Toth, T and Tomas, J. 2016. Environmental 

contamination by heavy metals in region with previous mining activity. Bulletin of 

Environmental Contamination and Toxicology 97: 569-575. 

 

Mtegha, H.D., Cawood, F.T. and Minnitt, R.C.A. 2007. National minerals policies and 

stakeholder participation for broad-based participation in the Southern African 

Development Community (SADC). Resources Policy 31: 231-238. 

 

National Research Council. 1999. Hardrock mining on federal lands. Committee on 

hard rock mining on federal lands. In: Hagenstein, P.R., Adams, S.S., Baldridge, A.C., 

Barton, P.B., Clark III, E.H., Gentry, D.W., Krauss, R., Maest, A.S., McElfish, J.M., 

Patten, D.T., Price, L.G., Beavis, R.E and Runnells, D.D editors. National Research 

Council. 26. 

 



79 
 

Netshitungulwana, R. and Yibas, B. 2012. Stream sediment geochemistry of the 

Olifants catchment, South Africa: implication for acid mine drainage. In: McCullough 

C.D., Lund M.A and Wyse, L. editors, Proceedings of the International Mine Water 

Association Symposium, Bunbury, Australia. 257-264. 

 

Ng’ambi, J.W., Alabi, O.J. and Norris, D. 2013. Role of goats in food security, poverty 

alleviation and prosperity with special reference to Sub-Saharan Africa: A review. 

Indian Journal of Animal Research 47: 1-9. 

 

Oberholster, P.J., Myburgh, J.G., Ashton, P.J., Coetzee, J.J. and Botha, A.M. 2012 

Bioaccumulation of aluminium and iron in the food chain of Lake Loskop, South Africa. 

Ecotoxicology and Environmental Safety 75: 134-141. 

 

Okonkwo, J.O. and Mothiba, M. 2005. Physic-chemical characteristics and pollution 

levels of heavy metals in the rivers in Thohoyandou. South African Journal of 

Hydrology 308: 122-127. 

 

Okoye, C.O.B. and Ugwu, J.N. 2010. Impact of environmental cadmium, lead, copper 

and zinc on quality of goat meat in Nigeria. Bulletin of the Chemical Society, Ethiopia 

24(1): 133-138. 

 

Owen J.E., Norman G.A., Philbrooks C.A. and Jones N.S.D. 1978. Studies on the 

meat production characteristics of Botswana goats and sheep. III. Carcass tissue 

composition and distribution. Meat Science 2: 59-74. 

 

Peacock, C. 1996. Goat production manual. Department of Agriculture Economics and 

Extension, South Africa, 1(2): 33-34. 

 

Peacock, C. 2005. Goats a pathway out of poverty. Small Ruminant Research 60 (2): 
179-186. 



80 
 

Peck, P. and Sinding, K. 2003. Environmental and social disclosure and data richness 

in the mining industry. Business Strategy and the Environment 12: 131-141. 

 

Pollard, A.J., Reeves, R.D. and Baker, A.J.M. 2014. Facultative hyperaccumulation of 

heavy metals and metalloids. Plant Science 217: 8-17. 

 

Rumosa-Gwaze, F., Chimonyo, M. and Dzama, K. 2009. Communal goat production 

in Southern Africa: a review. Tropical Animal Health and Production 41: 1157-1168.  

 

Salem, H.M., Eweida, A., Eweida and Azza Farag. 2000. Heavy metals in drinking 

water and their environmental impact on human health. International Centre of 

Economist, Human and Management. 542-556. 

 

Schultze, M., Pokrandt, K.H. and Hille, W. 2010. Pit lakes of the central German lignite 

mining district: Creation, morphometry and water quality aspects. Limnological 2: 148-

155. 

 

Sedki, N.A.; Lekouch, S.G. and Pineau, A. 2003. Toxic and essential trace metals in 

muscle, liver and kidney of bovines from a polluted area of Morocco. Science of the 

Total Environment 317: 201-205. 

 

Simela, L., Webb, E.C and Frylinck, L. 2004a. Effect of sex, age and pre-slaughter 

conditioning on pH, temperature, tenderness and color of indigenous South African 

goats. South Africa. Journal of Animal Science 24(1): 208-211. 

 

Simela, L., Webb, E.C and Frylinck, L. 2004b. Post-mortem metabolic status, pH and 

temperature of chevon from indigenous South African goats slaughtered under 

commercial conditions. South Africa. Journal of Animal Science 24(1): 204-207. 

 



81 
 

Shackleton, C.M., Shackleton, S.E. and Cousins, B. 2001. "The role of land-based 

strategies in rural livelihoods: the contribution of arable production, animal husbandry 

and natural resource harvesting in communal areas in South Africa", Development 

Southern Africa, 18(5): 581-604. 

 

Sharma, R.K., Agrawal, M. and Marshall, F. 2007. Heavy metal contamination of soil 

and vegetables in suburban areas of Varanasi, India. Ecotoxicology and 

Environmental Safety 66: 258-266. 

 

Simate, G.S and Ndlovu, S. 2014. Acid mine drainage: Challenges and opportunities. 

Journal of Environmental Chemical Engineering 2: 1785-180. 

 

Smith, G.E., Carpenter, Z.E. and Shelton, M. 1978. Effect of age and quality level on 

the palatability of goat meat. Journal of Animal Science 46, 1229-1235. 

 

Snezana, S. and Jordan, Z. 2010. Lead concentrations in different animal tissues, 

muscles and organs at specific localities in Probistip, North Macedonia and its 

surroundings. Natura Montenegrina Podgoris 10(2): 161-168. 

 

Snyman, M.A. 2014. South African goat breeds: Indigenous veld goat. Grootfontein 

Agricultural Development Institute, Middelburg. 10-12 

 

South African Coal Road Map. 2011. Overview of the South African coal value chain: 

prepared as a basis for the development of the SACRM. The Green House, Cape 

Town, South Africa. 

 

Stagg, K., Diskin, M.G., Sreenan, J.M. and Roche, J.F. 1995. Follicular development 

in long term an estrus suckles beef cows fed two levels of energy postpartum. Animal 

Reproduction Science 38: 49-61. 



82 
 

Teofila, D.C.V., Joy Elaine, P.K. and Maxima, E.F. 2005. Lead and cadmium in edible 

internal organs and blood of poultry chickens. Journal of Applied Science 5(7): 1250-

1253. 

 

Tshabalala, P.A., Strydom, P.E., Webb, E.C. and De Kock, H.L. 2003. Meat quality of 

designated South African indigenous goat and sheep breeds. Meat Science 65(1): 

563-570. 

 

United State of Environmental Protection Administration of China. 1990. The 

Background Values of Soil Elements of China. Chinese Environmental Science Press, 

Beijing, China. 

 

United State of Environmental Protection Administration. 1995. A plain English Guide 

to the EPA Part 503 biosolids rule. EPA/832/R-93/003. Washington, DC.  

 

Van der Burgh, G. 2012. The impact of coal mining on agriculture-a pilot study. Launch 

for the BFAP baseline agricultural outlook, Stellenbosch. 2012-2021. 

 

Ventura, L.M.B., Mateus, V.L., de Almeida, A.C.S.L., Wanderley, K.B., Taira, F.T., 

Saint’Pierre, T.D and Gioda, A. 2017. Chemical composition of fine particles (PM2.5): 

Water-soluble organic fraction and trace metals. Air Quality, Atmosphere and Health 

10: 845-85. 

 

Warmington, B.G. and Kirton, A.H. 1990. Genetic and nongenetic influences on growth 

and carcass traits of goats. Small Ruminant Research 3: 147-165. 

 

Webb, E.C and Mamabolo, M.J. 2004. Production and reproduction characteristics of 

South African indigenous goats in communal farming systems. South African Journal 

of Animal Sciences 34: 236-239. 



83 
 

Webb, E.C., Casey, N.H and Simela, L. 2005. Goat meat quality. Small Ruminant 

Research 60: 153-161. 

 

Water Research Commission. 2017. South African mine water atlas: mapping the 

decision context for the intersection of mining and water resources in South Africa. 

(Online) Available at: www.wrc.org.za. 

 

Wilkinson, J.M., Hill, J. and Phillips, C.J. 2003. The accumulation of potentially toxic 

metals by grazing ruminants. Proceeding of the Nutrition Society 62: 267-277. 

 

World Health Organization. 1991. Nickel, nickel carbonyl and some nickel compounds. 

Health and safety guide No.62. World Health Organization, Geneva. 

 

World Health Organization. 2011. Guidelines for Drinking-Water Quality, 4th edition. 

WHO, Geneva, Switzerland 27: 155-202.  

 

Zhang, M.Y., Cui, L.J., Sheng, L.X. and Wang, Y.F. 2009. Distribution and enrichment 

of heavy metals among sediments, water body and plants in Hengshuihu Wetland of 

Northern China. Journal of Ecological Engineering 35: 563-569. 

 

Zhengfu, B., Hilary, I., Daniels, J., Otto, F. and Struthers, S. 2010. Environmental 

issues from coal mining and their solutions. Mining Science and Technology 20: 215-

223. 

 

http://www.wrc.org.za/

	DECLARATION
	ACKNOWLEDGEMENTS
	DEDICATION
	ABSTRACT
	CHAPTER 1
	1.1 Background
	1.2 Problem statement
	1.3 Justification
	1.4 Aim
	1.5 Objectives
	1.6 Hypotheses

	CHAPTER 2
	2.1 Introduction
	2.2 Indigenous goat production
	2.3 Indigenous Pedi goats of South Africa
	2.3.1 Phenotypic characteristics of Pedi goats
	2.3.2 Adaptive characteristics of Pedi goats
	2.3.3 Reproductive characteristics of Pedi goats
	2.3.4 Growth characteristics of Pedi goats
	2.3.5 Carcass characteristics of Pedi goats

	2.4 Environmental consequences of mining on livestock production
	2.4.1 Environmental contamination

	2.5 Heavy metals in water, pastures, and livestock meat
	2.5.1 Heavy metals
	2.5.2 Exposure pathways of heavy metals in the environment
	2.5.3 Heavy metals in water
	2.5.5 Heavy metals in pastures
	2.5.6 Heavy metals in livestock meat

	2.6 Conclusion
	CHAPTER 3
	Abstract
	3.1 Introduction
	3.3 Hypothesis
	3.4 Methodology and analytical analysis
	3.4.1 Study site
	3.4.2 Sample collection and analysis
	3.4.3 Statistical analysis

	3.5 Results
	3.5.1 Heavy metal concentration in Middle Olifants and Mogalakwena rivers
	3.5.2 Heavy metal concentration in soils along the banks of Middle Olifants and Mogalakwena rivers

	5.5.3 Heavy metal concentration in witbuffels grass grown along the banks of Middle Olifants and Mogalakwena rivers
	3.7 Conclusion
	CHAPTER 4
	Abstract
	4.1 Introduction
	4.2 Objective
	4.3 Hypothesis
	4.4 Methodology and analytical procedures
	4.4.1 Study site
	4.4.2 Experimental animals and design
	4.4.3 Sample collection, preparation, and chemical analysis
	4.4.4 Statistical analysis

	4.7 Conclusion
	CHAPTER 5
	5.1 General discussion
	5.3 Recommendations
	CHAPTER 6

