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ABSTRACT 

Siloam and Tshipise Springs are scalding geothermal springs geologically located within the 

Soutpansberg Group in the Limpopo Province of South Africa. These geothermal springs are 

associated with faults and impermeable dykes and are assumed to be of meteoric origin. The 

optimal use of a geothermal spring largely depends upon its physical and chemical properties as 

well as the geological controls at source and surrounding pathway to the surface. This study 

aimed at investigating trace element concentrations in these geothermal springs in order to 

quantify their impacts on neighbouring soil and vegetation. Impact on vegetation was assessed 

by incorporating seasonal variations of the trace element mobility from the geothermal springs to 

the vegetation (Mangifera indica at Siloam and Acacia robusta at Tshipise) via soil. The 

geothermal spring water, soil and vegetation samples at both sites were collected from May – 

July (winter) and September – November (summer), 2014. The soil samples were collected at 5 

m intervals up to 20 m away from the geothermal spring in each of the sites. The bark and leaf 

parts of the vegetation were sampled. The control samples for water, soil and vegetation were 

obtained from Riverside residence at University of Venda, Thohoyandou, Limpopo Province, 

where there is non-geothermal source of water. 

The temperature, electrical conductivity (EC), pH and total dissolved solid (TDS) of the 

geothermal spring water and control samples were determined in situ and in the laboratory. The 

water samples were acidified for major cations and trace elements determination. There were 

also non-acidified water samples for major anion analyses. The soil and vegetation samples were 

digested using microwave and hot block methods, respectively. Concentrations of arsenic (As), 

antimony (Sb), barium (Ba), beryllium (Be), boron (B), cadmium (Cd), chromium (Cr), cobalt (Co), 

copper (Cu), mercury (Hg), lanthanum (La), lead (Pb), lithium (Li), manganese (Mn), molybdenum 

(Mo), nickel (Ni), selenium (Se), tin (Sn), strontium (Sr), tellurium (Te), thallium (Tl), titanium (Ti), 

tungsten (W), vanadium (V), and zinc (Zn) were determined by inductively coupled plasma – mass 

spectrometry (ICP-MS) (Agilent 7700 series). Concentrations of calcium (Ca), magnesium (Mg), 

sodium (Na) and potassium (K) were analysed using inductively coupled plasma – optical 

emission spectrometry (ICP-OES) (X – Series 2) whereas the concentrations of  chloride (Cl-), 

fluoride (F-), nitrate (NO3
-), phosphate (PO4

2-), bicarbonate (HCO3
-) and sulphate (SO4

2-) were 

determined by ion chromatography (IC) (Dionex Model DX 500). 

Results from this study revealed that the geothermal springs were rich in trace elements 

compared to that from non-geothermal source of water. The mineral elements present were 
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mainly due to rock-water interaction in the deep aquifer at both sites. The geothermal spring water 

is not fit for drinking because it is particularly high in fluoride (F) having 6.66 and 5.97 mg/L at 

Siloam ; 6.72 and 7.28 mg/L at Tshipise for winter and summer, respectively. Also, high Nickel 

(Ni) with 462 µg/L and 868 µg/L: Lead (Pb) with 652 µg/L and 211 µg/L at Siloam and Tshipise 

respectively, for summer season. In addition, it is not suitable for irrigation owing to high sodium 

absorption ratio (SAR) values which were above the standard guidelines (˂1) by South African 

Bureau of Standards (SABS) and World Health Organization (WHO) at both sites. In summer 

season, there were higher trace elements concentrations than in the winter season. The higher 

concentration values could be attributed to rainfall, which aids in the dissociation of rock particles, 

resulting in higher concentrations of these elements. Siloam spring water was more mineralised 

than Tshipise spring water, hence its neighbouring soils and vegetation possess more trace 

elements concentrations than the latter. 

Owing to their high mineral elements content, the geothermal spring water flows across the soil, 

making it vulnerable to sorption of the trace elements. The trace elements present in the 

surrounding soil of the geothermal spring were as a result of geothermal water and soil 

pedogenesis. The geothermal water contaminates the surrounding soil with substantial quantity 

of trace elements, which decreases with the distance from the geothermal spring, making far 

distanced soil less-contaminated. High levels of Cr, Co, Ni, Cu, Zn and Pb at Siloam soil can be 

attributed to more minerals present in the spring, therefore making absorption by Mangifera indica 

inevitable. Soils at Tshipise are moderately concentrated owing to moderate trace elements 

concentrations from the geothermal spring water. 

Generally, seasonal variations were observed in the parameters analysed in the geothermal 

spring water, surrounding soil and vegetation to ascertain the most favourable season in terms of 

the trace elements concentrations. There were higher concentrations of trace elements in the 

geothermal spring, particularly during the summer season, compared to the winter season; this 

leads to more contamination of the surrounding soils and vegetation. This study showed that 

geothermal spring has potential to enrich the neighbouring soils and vegetation with trace 

elements, which could result in contamination. It can be concluded that geothermal spring, despite 

its benefits to humans, also contaminates the surrounding surface soils with toxic trace elements. 

Soils are a platform for vegetation. Therefore, if the soil is contaminated by toxic elements, there 

are high possibilities that these trace elements are absorbed by the neighbouring vegetation, 

which is likely to affect human beings adversely.  
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the research 

Hot water issuing from the earth’s surface has been a subject of admiration since the dawn of 

mankind. Ancient civilizations revered geothermal springs because they were believed to have 

supernatural and healing powers (La Moreaux and Tanner, 2001). Geothermal springs develop 

when surface water percolates into the earth and encounters hot volcanic masses of rock. The 

water is heated and returns along faults, to the surface of the earth, as hot water. The same 

process occurs when rainwater penetrates the ground, infiltrate to great depths where it becomes 

heated, and then returns to the earth’s surface while it is still hot (Higgins and Higgins, 1996). 

Trace elements are also known as potentially toxic elements, trace metals, heavy metals, 

micronutrients, and minor elements in the environment (Alloway, 1995). Heavy metals are natural 

components of the earth’s crust. The natural occurrence of heavy metals varies between rock 

types and certain bed-rocks. The rock types provide exceptionally high metal concentrations to 

overlying soils. Soils are of enormous environmental importance, being the media that support 

virtually all plant life, hence their potential for environmental pollution requires attention (Scancar 

et al., 2003). While soils are important receptacles for heavy metals, they can also release them 

into the ecosystem. It is therefore important to understand the content, chemistry and geology of 

heavy metals in geothermal water, soil and vegetation as well as the chemical forms. 

People have used water from geothermal springs for different purposes for thousands of years 

(Olivier et al., 2011). Documentary and oral history reveal that geothermal springs were used for 

bathing, medicinal, religious, hygienic and social purposes across world, for instance, India, Crete, 

Egypt, Turkey, Japan, Brazil and Canada (van Vuuren, 1990; Lund, 2000). In addition to the 

increasing popularity of spas and the growing importance attached to the ‘natural’ health industry 

(Smith and Puczkò, 2009), geothermal springs are increasingly being used for power generation, 

industrial processing, agriculture, aquaculture, bottled water and the extraction of rare elements 

(Vimmerstedt, 1998; Lund, 2000; Hellman and Ramsey, 2004; Petraccia et al., 2005). 

Several researchers have suggested that geothermal waters are useful tools in the treatment of 

illnesses such as functional dyspepsia, irritable bowel syndrome and functional disorders of the 

biliary tract (Garzon and Eisenberg, 1998; Bonfante et al., 1999; Bortolotti et al., 1999; Capurso 

et al., 1999; Serio and Fraioli, 1999; Fraioli et al., 2001; Bertoni et al., 2002; Grassi et al., 2002; 
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Fioravanti et al., 2003 and Petraccia et al., 2005), since carbonated water stimulate the secretion 

and motility of the digestive tract (Schoppen et al., 2004; Gasbarrini et al., 2006). Furthermore, 

salt-rich mineral waters enhance the conversion of cholesterol into bile acids and their subsequent 

secretion (Capurso et al., 1999; Grassi et al., 2002). Spring mineral therapy with sulphurous water 

can provide beneficial effects in chronic inflammatory disorders with an immunologic 

pathogenesis by inhibiting the immune response at a local level (Grassi et al., 2002). 

Spring mineral waters have antioxidant and hypocholesterolaemic activity. These may affect 

calcium metabolism (Toussaint et al., 1986). For example, sulphurous mineral water was found 

to have anti-oxidant properties and a positive effect on the oxidative defence mechanism on both 

rabbits and rats, respectively (Grassi et al., 2002). Magnesic-sulphate-sulfurous spring mineral 

water has been demonstrated as having a very good hypocholesterolaemic activity and a 

protective effect against oxidative lipid damage (Grassi et al., 2002). The oral intake of water 

containing calcium increases serum calcium and inhibits intact parathyroid hormone secretion 

(Cantalamessa and Nasuti, 2003). However, results vary depending on the chemistry of the water 

(Nerbrand et al., 2003).  

Limpopo Province in South Africa is richly-endowed with geothermal springs, with about 24 

geothermal springs. Some of these have been developed for recreational and touristic purposes, 

while water from some of them is bottled and sold for therapeutic purposes (Olivier et al., 2008). 

In some cases, a geothermal spring is the sole source of water for the population. Few geothermal 

springs remain in private hands for exclusive use by the land owner, like Siloam Spring located 

at Siloam village. Previous works revealed that the Siloam and Tshipise springs are regarded as 

the hottest springs in the country with temperatures of 64 °C and 58 °C, respectively (Olivier et 

al., 2008). 

This study focuses on trace elements concentrations in Siloam and Tshipise springs and their 

impact on the environmental media; that is, the soil and the vegetation around the springs as well 

as the seasonal variations. The results were compared to that of a non-geothermal spring, 

probably a borehole around the location which will serve as a control site. These two springs are 

regarded as scalding springs because of their high temperatures, which might result in elevated 

concentrations of trace elements in the springs (Kent, 1949). Previous study by Olivier et al. 

(2011) revealed that the concentrations of some trace elements in Siloam and Tshipise springs 

are high, compared to the WHO (2000), DWAF (1996) and SABS (1999) standards. 
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Some of the trace elements such as iron (Fe), manganese (Mn), zinc (Zn), copper (Cu), cobalt 

(Co), molybdenum (Mo), vanadium (V) and nickel (Ni) are essential for the growth of organisms. 

Other trace elements: cadmium (Cd), lead (Pb), uranium (U), thallium (Tl), chromium (Cr), silver 

(Ag), mercury (Hg), arsenic (As) and selenium (Se) are toxic to organisms. It has been established 

that these trace elements are present in these springs, hence the long-term ingestion of water 

from these sources may be hazardous to human health (Olivier et al., 2011). 

1.2 Statement of problem 

Geothermal springs are usually mineralized depending on the characteristics of the geological 

formations associated with the circulating groundwater (Todd, 1980). A number of studies have 

found that geothermal water may contain toxic elements such as arsenic (As) and mercury (Hg) 

(Manda and Suzuki, 2002; Romero et al., 2003; Churchill and Clinkenbeard, 2005), radio-active 

elements such as uranium (U), thorium (Th) and Radon (Rn) (Kempster et al., 1997; Baradács et 

al., 2001) and pathogenic organisms such as the meningitis causing Naegleria fowleri (Sugita et 

al., 1999; Izumiyama et al., 2003; Craun et al., 2005) and Legionella pneumonia (Miyamoto et al., 

1997). 

A field survey on Siloam Spring at Siloam Village revealed that people fetch water for domestic 

uses in addition to the water being channelled towards some vegetation in the neighbourhood. 

Tshipise Spring is located within the Honnet Nature Reserve, approximately 36 km from Musina 

and is a popular holiday resort. The spring’s water is used for irrigation in subsistence farming (at 

Siloam), irrigation of flowers, grasses and trees (at Tshipise) and serves as the source of water 

for the pool at the resort. Thus, trace elements are transferred from the geothermal spring across 

the soil to the vegetation and have potential adverse effects on humans when the concentration 

is significantly high. 

The mango tree (Mangifera indica) is the dominant plant available in the neighbourhood of Siloam 

geothermal spring whereas Enkeldoring (Acacia robusta) is the most common plant around 

Forever Resort, where Tshipise geothermal spring is located. Mangifera indica and Acacia 

robusta can be cultivated under conditions which vary from very hot and humid to cool and dry, 

to very hot and arid with low maintenance (Ojekunle et al., 2014). Thus, the geothermal spring 

water has the potential to contaminate the surrounding soils and vegetation with trace elements. 
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1.3 Motivation 

Weathering processes of reactive minerals in surrounding and mainly acidic rocks mobilise heavy 

metals and toxic elements (Cu, As) from primary minerals and form secondary constituents 

(mainly iron hydroxides, copper-oxides and carbonates), causing contamination of technogenous 

sediments, soils and surface water, drainage water as well as groundwater (Younger et al., 2002). 

Heavy metal contamination is a major environmental concern due to their toxicity, carcinogenicity 

and mutagenicity even at low concentrations. These mineral elements can cause damage to 

organs of human body (Ifegwu and Anyakora, 2012). 

This study focuses on quantitative analysis of cations, anions and trace element concentrations 

which are obtained from the increased dissolution of the rock as a result of the high temperature. 

A study by Odiyo and Makungo (2012) reported that geochemical dissolution of the rock increases 

with temperature. The areas of this research (Siloam and Tshipise) are rural settlements in which 

the people have little or no idea of the effects of the toxicity of these trace elements in the 

environment. Spring water is used for various domestic purposes: as a source of water for the 

swimming pool and even for irrigation purposes as indicated earlier but with no clear 

understanding of the potential health effects from mineral elements. It is therefore important to 

establish whether the geothermal spring contaminates the neighbouring soil and vegetation with 

toxic elements or not. 

A number of studies have been carried out on the physicochemical parameters of geothermal 

springs in which these mineral elements compositions are stated. However, none has shown their 

impacts on the soil and vegetation (Kent, 1949; Olivier et al., 2008; Mamba et al., 2008; Olivier et 

al., 2011; Tekere et al., 2012). This study also investigates the present physicochemical 

parameters of the geothermal springs using a different methodology as compared to the last 

analysis carried out by Olivier et al. (2010). The study focuses on quantitative analysis of the trace 

elements concentrations in these geothermal springs’ water and their impacts on soil and 

vegetation around the geothermal springs. Seasonal variation (particularly winter and summer 

seasons) of the trace elements mobility, were observed to ascertain if the chemical composition 

changes with season. The results obtained from this research will not only be of interest to the 

communities within the neighbourhood of the geothermal spring but also to higher authorities 

regulating water issues in the country. 
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1.4 Objectives 

1.4.1 The main objective 

The main objective of the study was to investigate trace element concentrations in geothermal 

springs in Siloam and Tshipise and non-geothermal source of water, as well as their impacts on 

soil and vegetation in relation to seasonal variations. 

1.4.2 Specific objectives 

 To determine the physico-chemical characteristics (pH, EC, TDS, temperature, major 

cations and anions) in the water from the geothermal springs and non-geothermal source, 

surface soil and vegetation; 

 To determine the concentrations of trace elements in the geothermal spring water, surface 

soil and vegetation around Siloam and Tshipise springs; 

 To determine the horizontal status of trace elements from the geothermal spring water to 

the surface soil at both sites; 

 To probe correlations among parameters analysed in the geothermal spring water, the soil 

and the vegetation. 

1.5 Research Questions 

 What are the physico-chemical parameters in the geothermal springs’ water, non-

geothermal water, soil and vegetation?  

 What are the concentrations of trace elements that are available in the geothermal springs’ 

water, non-geothermal water, soil and vegetation? 

 What is the horizontal status of trace elements from the geothermal spring water to the 

surface soil? 

 Is there any increase or decrease in the concentration of trace elements in this order-

spring water to the soil and to the vegetation or vice versa? 

1.6 Hypotheses 

The following are the hypotheses of this study: 

 Trace element concentrations are much higher in geothermal springs compared to non-

geothermal springs.  

 The soil and vegetation accumulate some reasonable quantities of the mineral elements 

from the geothermal springs. 

 Trace element concentration decreases with distance from the geothermal spring source. 
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 Geothermal springs contaminate the soil with toxic trace elements which is likely pose 

adverse effects on human beings. 

1.7 Study Area 

Tshipise and Siloam geothermal springs are located in the Limpopo Province of South Africa 

(Figure 1.1) and are of different surface geology but fall on the Soutpansberg Group. The geology 

determines the extent to which the reaction with the host rock proceeds (Figures 1.2 and 1.3), 

depending on the chemical composition of the rock and the rate at which water passes through 

the rock. The study areas are characterised with high temperature variations in different seasons 

of the year with temperature in winter ranging from 16⁰C to 22⁰C and summer ranging from 22⁰C 

to 40⁰C (Makungo, 2008). The mean annual rainfall of Nzhelele ranges from 350-400 mm per 

annum (Makungo et al, 2010). More than 80% of the rainfall occurs in the summer and only about 

20% occurs in the winter (DWAF, 2001).  Figure 1.1 shows clearly the position of the study area 

and the distance between Siloam and Tshipise springs, which is approximately 130 km apart and 

the Soutpansberg Mountain Range separates the two springs.  

 

Figure 1.1: Map of Vhembe District showing Siloam and Tshipise geothermal springs,             

        Limpopo Province, South Africa 
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1.7.1 Siloam Spring 

The Siloam spring is found in Nzhelele Valley at Siloam Village which falls under the youngest 

Formation of the Soutpansberg Group, which is the Sibasa Formation. Siloam geothermal spring 

is located on the coordinate of 22° 36’ 05.48" S and 30° 10’ 23.01" E. It is dominated by basalt 

(Figure 1.2), which originated from the lava at the base of the Formation. It is responsible for the 

more undulating topography to the south of the Soutpansberg (Brandl, 1986). There are dark-red 

shale and sandstones that are fine, thinly-bedded sandstones. There is an interlayer of tuff, 

ignimbrite and chert and in places tuffaceous shale (Mundalamo, 2003). Various types of 

conglomerates are also available, such as argillaceous and arenaceous types. The mudstone 

and siltstone of Delvis Gully member also exist (Mundalamo, 2003). Siloam village is 

characterized by fractured aquifers of sandstone where groundwater occurs. The Siloam Spring 

is found on a private property at Siloam Village.  

 

1.7.2 Tshipise Spring 

Tshipise spring is found on the Leeward side of Soupansberg Mountain Range. The spring is 

underlain by volcanic rocks of the Letaba Formation at Karoo Super Group. Tshipise geothermal 

spring is on 22° 53’ 09.66" S and 30° 12’ 40.36" E of the equator. Tshipise is located close to the 

confluence of two faults: one is called the Tshipise Fault and the other is Bosbokpoort Fault 

(Johnson et al., 2006). The Letaba Formation immediately underlying the spring at Tshipise 

comprises mainly of basalt, arenite and marble (Figure 1.2). The spring also lies close to a dolerite 

intrusion, and to the contact between the Lebata Formation and the Gumbu Group of the Beit 

Bridge Complex, which underlies the spring at Moreson. The Gumbu Group comprises mainly 

calc-silicate rock and marble (Brandl, 1986). Tshipise geothermal spring is in a resort centre called 

Forever Resort on the way to Musina. 
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Figure 1.2: Geology of Siloam and Tshipise 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Preamble 

This chapter presents a concise review of the literature relating to geothermal springs with more 

emphasis on the trace element concentrations as well as their impacts on soil and vegetation. 

The general overview of geothermal springs in South Africa outlines the origin, benefits of the 

geothermal springs, physical and chemical properties as well as the trace elements migration 

from the spring water through the soil to the vegetation. The literature review also covered the 

chemistry of the geothermal springs and the geology associated with the springs. 

2.2 Origin of geothermal springs  

The origin of geothermal springs has been associated with volcanogenic activities (volcanic origin) 

and the impact of geothermal gradient on the percolating/infiltrating surface waters (meteoric 

origin) (La Moreaux and Tanner, 2001). These two processes are illustrated on Figure 2.1 and 

explained further in the proceeding sections. 

2.2.1 Geothermal springs of volcanic origin 

Geothermal springs occur in volcanic areas where reservoirs of molten or slowly cooling magma 

lie close to the surface and have heated the rocks above (Scheffel and Wernert, 1980). The water 

is heated as it flows through cracks in the rocks, and if the passage of the water to the surface is 

unobstructed, the heated water continuously bubbles up to the surface and so forms a geothermal 

spring (Scheffel and Wernert, 1980). The high temperature gradient near magma may cause 

water to be so heated that it boils or becomes superheated. If the water becomes so hot that it 

builds steam pressure and erupts in a jet above the surface of the Earth, it is called a geyser. 

Examples include crystal hot spring in Utah (USA), the Frying Pan Lake in Waimdigu volcanic rift 

valley (New Zealand), the geyser hot spring (Iceland) and Methane Peninsula (Greece) (Kevin et 

al., 2005). 

2.2.2 Geothermal springs of meteoric origin 

Geothermal springs from meteoric origin are formed due to the effect of geothermal gradient 

which is the rate of temperature increase with the depth of the rock (non-volcanic activity) (Press 

and Siever, 1986). The temperature increases with increasing depth in the earth. Cold water from 

rain, rivers or lakes may descend along a fault to a depth of several kilometres. This underground 

water is heated due to the geothermal gradient of 2˚C - 3˚C per 100 m (geothermal gradient) 

https://en.wikipedia.org/wiki/Superheating
https://en.wikipedia.org/wiki/Steam
https://en.wikipedia.org/wiki/Geyser
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(Press and Siever, 1986), which causes it to expand and rise up another fault and so create a 

convection system (Hoole, 2001; La Moeaux and Tanner, 2001). The temperature of the 

geothermal spring thus reflects the depth of penetration of the water and the rate at which it 

ascends to the surface (La Moreaux and Tanner, 2001; Grasby and Leptzik, 2002). Examples of 

such springs include Aachen (Germany), Lochinvar hot springs (Zambia), Ihimba hot springs 

(Uganda), Olympic hot spring (Washington, USA) and Hetling spring (UK). 

                             Meteoric                                                          Volcanic 

 

Figure 2.1: Diagrammatic representation of the origin of geothermal springs (Higgins and  

        Higgins, 1996) 

 

The source of water for geothermal springs in South Africa is meteoric rather than volcanic (Kent 

and Groeneveld, 1962; Gevers, 1963; Visser, 1989, Hoole, 2001), and the process is generally 

associated with faulting and shearing. Geological studies have also shown conclusively that the 

origin of each individual geothermal spring can be attributed to the local presence of deep 

geological structures such as folds, fractures, faults and dykes. These structures provide a means 

for the circulation to depth and the return of the heated waters to the surface (Olivier et al., 2010). 

Examples of such geological studies include Siloam spring and Tshipise spring. Water from 
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geothermal springs generally originate from precipitation or rainfall, snowmelt or water seeps, 

then heated up by the magma close to the earth’s surface. Heated water is much less dense than 

the rock that surrounds it, and thus it rises to the surface, in the form of a spring. The water is 

carried in conduits, through the water table, fractures and other passages where the water can 

flow (Watson, 1997). 

Sufficient rain needs to fall in the catchment areas of the springs; therefore South African thermal 

springs are confined to areas with annual rainfall in excess of 254 mm (Witcher, 1981). 

Geothermal springs originate from a combination of special conditions. The four basic parameters 

for these conditions are: 

 A heat source 

 A recharge source 

 A circulation framework or storage reservoir 

 A discharge mechanism  

The heat source is the most basic parameter because it is the one that distinguishes geothermal 

springs from non-geothermal springs (Witcher, 1981). As the hot water comes to the earth surface 

it dissolves away rocks and carries minerals in the created solution. Due to this dissolution, the 

water may become enriched in minerals. Elements that can be found in geothermal springs 

include: As, B, Cl, Si, S, Rn many others (Brock, 1994). Therefore a geothermal spring water can 

be considered as a “mineral spring”, a spring that must have 400 ppm of dissolved solids in its 

waters (Mountain Nature, 2003). 

2.3 Chemistry of geothermal spring 

Different chemical reactions occur within geothermal waters, which are mostly associated with 

interactions between the water and the rock of the chambers in which it is located. Within the 

waters many other reactions occur, and these typically involve anions and/or metal cations/ trace 

elements (Hodder, 2005). As the rainwater falls in the recharge area, it first passes down through 

leaves, soil and other debris on the surface. The living animals in the debris and soil give off 

carbon dioxide and this is dissolved in the water and forms a weak carbonic acid (eqn. 1). 

H2O + CO2                                   H2CO3 ……………………………eqn. 1 

This acidic water now moves further down in the Earth, through the different layers of chert, 

including the thick layers of novaculite. The novaculite and chert include the skeletons and 

spicules of radiolarians and graptolites, which are made of calcium. This calcium along with the 
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rock exists in a form called calcium carbonate (CaCO3). As the water passes through the chert 

formations, it dissolves some of the calcium carbonate (Olivier et al., 2010). The carbonic acid in 

the water reacts with the calcium carbonate to form soluble calcium bicarbonate (eqn 2).  

H2CO3 + CaCO3                             Ca(HCO3)2 …………………..eqn. 2 

In this process, the carbonic acid is partially neutralized and the solution gradually becomes more 

alkaline. Calcium bicarbonate only exists as a solution. As this solution moves deeper into the 

earth, it heats up and dissolves some silica from the surrounding rock layers. The underground 

heat helps to make the calcium bicarbonate solution (water) more buoyant, and the broad cracks 

and faults across the face of the geothermal spring which give this solution an escape route to 

the surface. When the solution Ca (HCO3)2 reaches the surface, the dissolved carbon dioxide 

(CO2) quickly escapes as shown in eqn. 3: 

2Ca (HCO3)2                           2CaCO3 + 2H2O + 2CO2         . ………………eqn. 3 

It is important to note that calcium carbonate is formed from the release of carbon dioxide, not 

from the change in temperature from rising to the surface. Calcium carbonate is actually more 

soluble in cool water. The water remains in the aquifer for a sufficiently long time (hundreds to 

thousands of years) and the reactions are sufficiently slow for them to be used to calculate the 

temperature of the water. In effect, the ratios of the concentrations of the liberated cations (Ca2+, 

Na+, K+) are temperature dependent. The solubility of silica is also temperature dependent, but 

this equilibrium is attained rather more rapidly than the dissolution of other silicate minerals (eqn. 

4) (Hodder, 2005). 

                             2H4SiO4 (aq) → 4H2O + 2SiO2 ........................................eqn. 4 

  Dissolved silica                 Quartz siliceous sinter 

This reaction (eqn. 4) can be used as a geo-thermometer too. Any difference in temperatures 

obtained from the two geo-thermometers is related to the sampling of the water relative to the 

deep aquifer: waters that have moved away from the aquifer are likely to have lower temperatures 

derived from silica concentrations than temperatures derived from concentrations of Na, K and 

Ca. As the water rises to the surface it cools, and silica and other minerals are precipitated. This 

may help "cap" the aquifer, and prolong the geothermal system's existence. Water that does reach 

the surface through faults and fractures will cool further and produce the sinter mounds and 

terraces that are typical around geysers and hot springs (Hodder, 2005). 

Hydrogen sulfide and other gases are dissolved in geothermal water that originates in the magma, 

including hydrogen chloride. Thus, chloride ion in geothermal waters can be at high 
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concentrations. Both hydrogen sulfide ions (HS-) and chloride ions (Cl-) can form complexes with 

trace elements as shown in eqn. 5 below: 

M2+ (aq) + nX- (aq) --------- M (X)n
2-n (aq) …….………………eqn. 5 

Where X - anions such as Cl-, SO4
2-, HCO3

2-, HS- among others; 

M - trace elements 

Some of these trace elements may have been expelled from the magmas as gaseous sulfides 

and halides; others may have entered the geothermal water through their reactions with aquifer 

rocks (Hodder, 2005). 

2.4 Benefits of geothermal springs  

2.4.1 Religious and traditional benefits 

Religious and traditional uses of geothermal springs have been an ancient practice across the 

world even before modern civilization. For instance, the American Indians used the geothermal 

springs for traditional rituals and as a neutral ground where different tribes could hunt, trade and 

bath and where warriors could travel and relax (Hoole, 2001). The Greeks usually attribute their 

religion to cleanliness. Therefore, they built their temples close to the geothermal springs so that 

the water reticulation system could bring water to the holy place (Virk et al., 1998). Africans were 

not exempted from these beliefs; geothermal springs found at the Gumara River in Ethiopia were 

discovered by Ethiopian saints; Qergos and Takla Haymanot. It was believed that saint Qergos, 

while flying in the sky, was attacked by eagles and his bones fell to the ground causing warm and 

healing water to rush out where they were dropped (Pankrust, 1990). Some of the sites have been 

declared heritage sites and are presently visited by both local and international tourists (Pankrust, 

1990; Nguyen, 2007). 

2.4.2 Medicinal benefits 

Medicinal benefits and religious purposes of geothermal springs are interrelated and can be 

traced back to 2,500 years ago (La Moreaux and Tanner, 2001). Geothermal springs were 

believed to be a special kind of groundwater owing to its higher mineralization as well as trace 

elements, dissolved gases, radioactivity or temperature (Wang and Xie, 2003). Different minerals 

and gases within the geothermal waters have proven to have different curative abilities. The use 

of carbolic water is thought to have significant medical importance for circulatory and heart 

disorders (Skapare et al., 2003). Sulphated water may heal hepatic insufficiency and problems 

with the accumulation of organic waste (Skapare et al., 2003). Bicarbonated water may relieve 
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gastro-intestinal illness, hepatic insufficiency and gout (Skapare et al., 2003). Sodium chlorinated 

water may cure chronic infection of the mucous membrane (Lund, 2000; Skapare et al., 2003).  

Ancient Greeks and Roman prescribed drinking and bathing in geothermal springs for its 

therapeutic effects especially for ailments such as jaundice and rheumatism (Hoole, 2001; Spicer 

and Nepgen, 2005). Chinese people used the Huang hot spring on the Shahe River for treatment 

of various ailments (La Moreaux and Tanner, 2001; Spicer and Nepgen, 2005). The Ethiopians 

used geothermal springs for the treatment of various diseases, such as skin diseases, leprosy 

and other contagious diseases (Pankurst, 1990). The ancient Egyptians are believed to have 

used geothermal baths for therapeutic purposes since 2000 BC. Many of these springs became 

known as sacred sites, and later evolved as healing centres (Spicer and Nepgen, 2005). 

2.4.3 Agricultural benefits 

Thermal springs have been used for irrigation purposes from time immemorial. Chinese people 

have used geothermal springs since the time of the Jin Dynasty (AD 265-420) (La Moreaux and 

Tanner, 2001). During this period, the Cunzhou City geothermal spring in the Hunan province was 

used to irrigate rice paddies so that they could grow rice even during the winter season (La 

Moreaux and Tanner, 2001). 

European Commission (1999) reported that 25% of the direct heat produced by geothermal 

springs is used for agricultural purposes, which can be subdivided into the following activities: 

 Agricultural crop drying 

 Aquaculture  

 Mushroom farming 

 Heating greenhouses and irrigation 

The agricultural uses of the geothermal spring depend on the surface temperature of the spring 

which have been summarized in Table 2.1 below. 
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Table 2.1: Temperatures required for various agricultural activities  

Temperature in °C Agricultural uses 

20 – 25 Soil heating 

35 – 95 Heating greenhouses 

35 – 95 Food processing 

20 – 40 Aquaculture 

35 – 50 Biogas processing 

45 – 65 Mushroom cultivation 

65 – 95 Drying fruits and vegetables 

50 – 70 Pasteurisation 

60 – 85 Beet sugar extraction 

70 – 100 Blanching and cooking 

110 – 125 Sugar pulp drying 

Source: Popovski and Vasilevska, 2003 

Geothermal resources can be classified as low temperature (less than 90°C), moderate 

temperature (90°C -150°C) and high temperature (greater than 150°C). South African geothermal 

springs can thus be classified as low temperature geothermal resources and can be used for 

activities that require temperatures below 70
o
C (European Commission (EC), 1999; Geo-Heat 

Centre, 2005) (as indicated in Table 2.1). There is real potential for some of these geothermal 

resources to be used to dry locally produced fruits and vegetables, mushrooms and flowers. 

Siloam and Tshipise springs are located in rural areas and utilising these resources would benefit 

the rural communities and improve the socio-economic status of the rural population. 

2.4.4 Tourism and recreation benefits 

Tourism is currently responsible for the development of many geothermal springs into spas or 

resorts, and many spas are changing their focus to recapture the essence of a true spa’s 

contribution to health and well-being. Currently about 15 million Europeans immerse themselves 

daily in geothermal spring waters (Hoole, 2001; Spicer and Nepgen, 2005). Forty-eight countries 

were using geothermal springs as resorts in the year 2000 (Lund and Freeston, 2001). This does 

not include data on countries such as South Africa, Malaysia, Ethiopia, Mozambique and Zambia 

since these countries did not submit data to the Geothermal World Conference of 2000, although 
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it is a known fact they do have geothermal springs and spas for recreational use (Lund and 

Freeston, 2001). 

Tshibalo (2011), reported that 31 out of known South African geothermal springs are used for 

recreation and tourism purposes. Recreational and tourism facilities and activities in South African 

geothermal spring resorts include the following facilities and activities: exercise areas, rest areas, 

restaurants, ladies’ bars, shops, solariums, camping facilities, conference facilities, cocktail 

lounges, picnic sites, golf courses, tennis and squash courts, volleyball, snooker and pool, bowls, 

heated and cold swimming pools, hot mineral pools, jacuzzis, paddle boats, caravan and 

camping, game drives, birdwatching, and horse riding (Tshibalo, 2011). 

2.5 Geothermal springs in South Africa 

South African geothermal springs are considered to be associated with rainfall, faulting and 

shearing (Olivier et al., 2010). They are usually situated in topographically low areas with the 

surrounding elevated terrain serving as the catchment area for rainfall that permeates downwards 

through fracture planes in rocks into narrow conduits. The narrow conduits allow water to 

percolate to a deeper level where it is heated. The impermeable parts of faults, fracture zones or 

dykes restrict water percolation and cause water to rise to the earth’s surface (Kent, 1969). 

South Africa has about seventy-four known geothermal springs. Limpopo Province has more 

geothermal springs than any of the other provinces, with twenty-three geothermal springs with 

associated boreholes (Hoole, 2001; Olivier et al., 2011). Olivier et al. (2011) reported that the 

geothermal sources at Sulphur springs, Tugela, and Windhoek are geothermal boreholes and not 

naturally-occurring springs while Vetfontein, Paddysland, Stindal, and Makutsi geothermal 

springs could not be located. 

The mineral content of these geothermal springs are influenced by the type of rocks through which 

the water percolates (Kent, 1969). The South African geothermal springs extend into the distance 

past. The Khoi (Hottentots) used the geothermal spring at Caledon, calling it ‘a fountain of life’. 

They believed that it could cure any type of illness and if the water was drunk, it made old men 

become ‘active like the younger ones’ (Boekstein, 1998). The geothermal spring at Montagu was 

also frequented by the Khoi and the San (Rindl, 1936). 

Early western settlers in what became known as the Western Cape Province, started visiting the 

geothermal springs in this part of the world in the late 1600s and early 1700s, predominantly for 
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health reasons. It was believed that bathing in the geothermal water cured ailments such as 

rheumatism (Booyens, 1981). Geothermal springs in Limpopo, namely Letaba (Die Eiland) and 

Bela Bela (Warmbaths) were also used before the arrival of the first Europeans. Letaba (Die 

Eiland) geothermal spring was used by indigenous people to produce salt by “lixiviating the mud 

through which the water issued and evaporating the resultant solution over the open fire in clay 

pots” (Kent, 1942). The spring was also used as a place where people would go and be cleansed 

as part of purification and spiritual harmonisation after battle (Ntsoane, 2001). 

In South Africa, thermal waters were initially used for domestic and irrigation purposes, and later 

developed as health resorts and tourism destinations (Hoole, 2001). Figure 2.2 shows the number 

of geothermal springs with some associated boreholes per province in South Africa. 

 

 

Figure 2.2: Distribution of geothermal springs with associated boreholes per province 
        (Olivier et al., 2008) 
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2.6 Geology of the Soutpansberg Group 

The Soutpansberg Group overlies the eastern part of the Limpopo Mobile Belt, as well as the 

Palala Shear Zone and parts of the Kaapvaal Craton (Johnson et al., 2006). This Belt formed 

between two major crustal blocks, namely, the Kaapvaal Craton in the south and the Limpopo 

Mobile Belt in the north (Brandl, 1986). Deposition started with basaltic lava. This was followed 

by sedimentary rocks. Then, there was an erosional period, in which a pink massive quartzite 

covering a much larger area than the original rift was deposited. 

Until the deposition of the Karoo rocks the Soutpansberg rocks formed a flat featureless 

landscape. Only after sedimentation had ceased (about 150 million years ago) was the area 

strongly block-faulted and then uniformly tilted to the north (Johnson et al., 2006). The landscape 

seen today is formed from the erosion during the last ± 60 million years (Cheney et al., 1990). 

The pink resistant quartzite was instrumental in shaping the present morphology. The 

Soutpansberg rocks which developed in a half-graben subsided along a main border fault situated 

most probably some 10–20 km south of the present Soutpansberg mountainous area (van Eeden 

et al., 1955). 

Rocks of the Soutpansberg Group occupy a wedge-shaped, mountainous area, which stretches 

from Kruger National Park in the east, where it is at its widest, up to the Blouberg in the west, 

where they wedge out against a Fault on the northern side (Johnson et al., 2006). The strike of 

rock beds is east-west and the dip is moderate to steep to the north. The group is classified into 

seven formations and they are affected by a number of faults of various geological ages. These 

faults have probably had a considerable influence on the processes of sedimentation as well as 

the associated igneous activity. The trough in which the Soutpansberg Group has been deposited 

represents an ancient fault trough with a long life span, similar to an aulacogen (Jansen, 1975). 

Eruptive activity within the basin was centred mainly on Sibasa, with smaller centres near 

Nzhelele Dam and the Blouberg (Johnson et al., 2006). However, the absence of marine 

sediments in this trough, as would be expected in the aulacogen, and the feeding of sediments 

into this trough from the north, and not parallel to its length, as would be required for an aulocogen, 

testifies against what was carried out by Jansen (1975). Thus, the Soutpansberg trough is viewed 

as a yoked intracratonic to the Limpopo Mobile Belt or near-cratonic environment (Johnson et al., 

2006). 

Table 2.2 summarises the lithostratigraphy of Siloam and Tshipise geothermal springs areas. 
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Table 2.2: Lithostratigraphy of Siloam and Tshipise geothermal springs areas 

Sampling site Surface geology Lithostratigraphic Unit 

Siloam Basalt, minor tuff Sibasa Formation, Soutpansberg Group 

Tshipise Basalt, minor andesite Letaba Formation, Lebombo Group, 

Karoo Super Group 

 

 

Cream-coloured sandstone 

 

Tshipise Member, Clarens Formation, 

Karoo Super Group 

 Dolerite sills and dykes Karoo dolerite, Stayt Formation  

Source: Kent (1949, 1969) and Olivier et al. (2011)  

2.6.1 Stratigraphy of the Soutpansberg Group 

The Soutpansberg rocks rest unconformably on gneisses of the Limpopo Mobile Belt and 

Bandelierkop Complex. Along the eastern and most of the northern margin, the Soutpansberg 

outcrops are unconformably overlain by or tectonically juxtaposed against rocks of the Karoo 

SuperGroup (Johnson et al., 2006). The contact relationship between the Soutpansberg and 

Waterberg Group rocks is a tectonic one, though the latter rocks are believed to be younger 

(Johnson et al., 2006). The Soutpanberg Group is best developed in the eastern part, where the 

maximum preserved thickness is about 5000 m (Cheney et al., 1990). The Soutpansberg Group 

comprises a volcano-sedimentary succession which is subdivided into seven formations; Tshifefe, 

Sibasa, Fundudzi, Wylie’s Poort, Nzhelele, Stayt and Mabiligwe (Brandl, 2002; Johnson et al., 

2006). Stayt Formation for Tshipise and Sibasa Formation for Siloam have been discussed briefly. 

Stayt Formation 

In the South-west of Tshipise there is a predominantly volcanic series of rocks, with 

accompanying sedimentary succession. The series rests on the floor of rocks belonging to the 

Beit Bridge Complex but its roof is not well-established (Johnson et al., 2006). The rocks are 

nearly horizontally disposed and consist of basal conglomerate, followed by considerable 

thickness of lava. The latter is followed by reddish, brown and purple shale, with pale-coloured 

quartzite, in which pebble beds are intercalated at the top (Cheney et al., 1990). The thickness of 

the Formation varies between 1700 and 1800 m, and it is regarded as correlative of Sibasa 

Formation, on the strength of a radiometric age of 1769 ± 34 Ma (Barton, 1979). 
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Sibasa Formation  

The Sibasa Formation is dominantly a volcanic succession with rare discontinuous intercalations 

of clastic sediments, having a maximum thickness of about 3000 m. The volcanic comprise 

basalts, which were sub-aerially extruded and minor pyroclastic rocks. The basalts are 

amygdaloidal, massive and generally epidotised. The clastic sediments which include quartzite, 

shale and minor conglomerate, can reach locally a maximum thickness of 400 m. A radiometric 

age of 1749 ± 104 Ma was obtained (Johnson et al., 2006).  

2.7 Physical characteristics of the geothermal springs 

2.7.1 Flow rates 

Geothermal springs can be classified according to the rate at which they discharge water, which 

is called the flow rate (discharge) (La Moreaux and Tanner, 2001). The flow rates of geothermal 

springs range from tiny seeps to high-rising water that shoots upwards and the rate is determined 

by the size of the aquifer, the extent of recharge (rainfall), the aquifer storage capacity, and the 

transmissivity and discharge capacity of both the aquifer and the conduit through which water 

rises to the surface (La Moreaux and Tanner, 2001). 

The discharge of a hot spring can also be influenced by weather patterns, especially in areas 

characterized by sinkholes and fractured rocks, where floods and rainwater are directed into the 

ground (Witcher, 2002; Helfrich et al., 2005). Most geothermal springs are located at 

topographically low points. The difference in altitude between the recharge area and the exit point 

determines the hydrological head, which directly affects the flow rate. The flow rate is an important 

measurement since it is used to estimate water storage and supply, changes in water availability 

and water use rates (Helfrich et al., 2005).  

2.7.2 Temperature  

Geothermal springs can also be categorised according to their temperature and a temperature of 

25°C is generally used to distinguish geothermal from non-geothermal springs. La Moreaux and 

Tanner (2001) reported that a spring with a temperature ‘significantly higher’ (that is, by 6°C) than 

the mean annual air temperature of the surrounding area, is regarded as geothermal. In view of 

the fact that the climate of one region differs from that of another, what is ‘warm’ in one region 

may not be considered to be such elsewhere. Therefore, the definition of a geothermal spring is 

often based on the mean annual air temperature of the specific site. However, the lack of a specific 
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‘base’ temperature may cause difficulties in interregional comparisons (La Moreaux and Tanner, 

2001). 

In some countries a defining temperature of around 20°C is used, following the climatological 

usage of this temperature to separate ‘mild’ from ‘warm’ climates (Kent, 1949). It is generally 

accepted that the boundary between ‘warm’ and ‘hot’ is that of the normal human body 

temperature (37°C) (Olivier et al., 2008). The classification of springs may also be influenced by 

the use of the spring, for instance, Table 2.3 shows the classification used by balneologists. Table 

2.3 reveals that the Siloam and Tshipise springs are examples of scalding springs (Olivier et al., 

2011). 

Table 2.3: Balneological temperature classification 

Category (Class) Temperature 

Cold spring Below 25ºC 

Tepid spring Between 25ºC – 34ºC 

Warm spring Between 34ºC – 42ºC 

Thermal spring Between 42ºC – 50ºC 

Scalding spring Above 50ºC 

Source: Kent, 1949; Taylor and Phillips, (2007) 

Brandvlei in Western Cape Province is usually considered to be the hottest spring in South Africa 

(64°C), however Siloam (Limpopo) was found to have had a temperature of 67.5°C in 2004 

(Olivier et al., 2011). Although both the flow rate and the temperature of Siloam spring water have 

decreased over the last 5 years coming down to 63.5°C (Yibas et al., 2011), the most recent field 

data recorded a temperature of 70°C (Yibas et al., 2011). Other scalding geothermal springs are: 

Tshipise in Limpopo Province (57°C), Tugela Valley in KwaZulu Natal Province (52 – 53°C), 

Warmbaths in Limpopo Province (52°C), Olifants Valley in Western Cape  Province (50 – 51°C), 

and Badplaas in Mpumalanga Province (50°C) (Yibas et al., 2011). 

Temperature can thus be used as a “tracer” of hydrogeological processes (Hartnady & Jones 

2007). The temperature of groundwater provides insight into the subsurface geological processes 

that generate and transport heat (Witcher, 2002). The temperature of thermal springs is influenced 

by the temperature of the magma (for volcanic springs), the depth of penetration, as well as the 

nature of conduits of water to the surface (Kent, 1949). Although the faster the water comes to 
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the surface, the less chance it has to cool down and thus the hotter it is (Kent, 1949; Hoole, 2001; 

Witcher, 2002). 

2.7.3 pH  

Geothermal springs that are characterised by low pH levels (acidic) are unlikely to be utilised as 

this adversely affects the survival of living organisms around them. As a result of this, acidic 

springs are unlikely to be used for domestic, recreational and agricultural purposes (New Mexico 

Environment Department, 2002). 

Low pHs of the springs might be attributed to dissolution of carbonic rocks from weathering 

processes of the parent rocks, which the springs flow through (Zhou et al., 2006). Metals tend to 

dissolve more in low water pH and this could have health implication when deleterious heavy 

metals like lead and cadmium are washed into the spring via runoff (Zhou et al., 2006). Low values 

of alkalinity, which ought to have served as a buffer to the spring against sudden changes in pH 

might also be responsible for generally low pH, especially during acid precipitation. Currently most 

resorts or spas operate at thermal springs that are alkaline. The water suitable for swimming and 

bathing normally ranges between 6.5 and 8.3 in terms of its pH level because water below this 

level is likely to cause eye irritation (Hoole, 2001). 

Some geothermal springs in the same geographic region show different water characteristics. 

The various springs probably originate from different depths and thus reflect variations in the 

geological structure within the area. Low water pH could lead to corrosion (Nordberg et al., 1985). 

2.7.4 Electrical Conductivity and Total Dissolved Solids 

Electrical conductivity (EC) is a measure of the capacity of water to conduct electrical current, and 

is directly related to the concentration of salts dissolved in water, and therefore to the total 

dissolved solids (TDS). Salts dissolve into either positively charged or negatively charged ions, 

which conduct electricity (Hayashi, 2008). The World Health Organization (2003) describes TDS 

as “the inorganic salts and small amounts of organic matter present in solution”. The principal 

constituents are usually calcium, magnesium, sodium, potassium (cations) and carbonate, 

hydrogen carbonate, chloride, sulphate and nitrate (anions). If the electrical conductivity of water 

is high this indicates a high concentration of ions which then determines if water is drinkable or 

not (Bruvold and Ongerth, 1969). The relationship between the EC and TDS is given below (eqn. 

6);               

A (mg/L) = 0.67 * B (µS/cm) ……..………….……………………….eqn. 6 
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Where A – TDS, B – EC, (Hayashi, 2008) 

The electrical conductivity of water depends on the water temperature: the higher the 

temperature, the higher the electrical conductivity would be (Cassidy et al., 2001). The electrical 

conductivity of water increases by 2-3% for an increase of 1 degree Celsius of water temperature. 

Electrical conductivity is an indicator of total dissolved substances (TDS) and is based on the 

presence of ions (Hayashi, 2008). In a geothermal spring, high temperature implies high electrical 

conductivity values, which are indications of dissolved minerals in water (Olivier et al., 2011). Most 

South African thermal springs have TDS concentrations in the region of 250-4000 mg/L and thus 

belong to classes A and B, which can be classified as slightly or highly mineralized waters as 

seen in Table 2.4 below (Bond, 1946). A commonly used classification system for thermal springs 

is that devised by Bond in 1946. He divided thermal spring waters into five categories as shown 

in Table 2.4 below; 

Table 2.4: Classification of thermal spring water in South Africa  

Class Water Chemical Composition 

A Highly mineralised chloride-

sulphate waters 

*TDS > 1 000 mg/L; Cl- > 270 g/Kg; 

SO4 ≥ 50 g/kg 

B 

 

Slightly saline chloride waters 

 

TDS 300 – 500 mg/L; Cl- > 270 g/Kg; 

SO4 ≤ 3 g/Kg 

C Temporary hard carbonate 

waters 

TDS < 800 mg/L; pH > 7.6 

D Alkaline sodium carbonate 

waters 

TDS < 1 000 mg/L; Na2CO3 or 

NaHCO3 > 150 mg/L  

No permanent hardness 

E “Pure” waters TDS < 150 mg/L; pH < 7.1 

*TDS-total 
dissolved solids 

 

Source: Bond, 1946 
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2.8 Chemical characteristics of geothermal springs 

2.8.1 Elemental composition 

The mineralogical composition encompasses both cations and anions present in water, which 

include sodium, potassium, calcium, magnesium, fluoride, chloride, carbonate, phosphate and 

nitrate/nitrite concentrations in water. 

Sodium (Na) 

Sodium is a cation in common salt found in groundwater which can impart a salty taste at 

concentrations of over 250 mg/L (Gray, 2008). It can contribute to hypertension and high levels 

of sodium in drinking water should be noted by users on low sodium diets. A slight taste may be 

apparent above 100 mg/L (Johnson and Scherer, 2009). The concentrations of sodium in Siloam 

and Tshipise springs were 66.24 and 143 mg/L, respectively (Olivier et al., 2010).  

Potassium (K) 

Potassium is a cation in common salt found in groundwater, which is essential in human diet. 

Excessive amounts in drinking water may have a laxative effect on humans. Acceptable 

concentration in drinking water can range from 0 to 8 mg/L (Johnson and Scherer, 2009). Previous 

study by Olivier et al. (2010), shows that the concentrations of potassium in Siloam and Tshipise 

springs were 2.82 and 4.25 mg/L, respectively. 

Calcium (Ca) and magnesium (Mg) 

Calcium is a naturally occurring metal essential for human diet and is common in groundwater. 

Calcium concentration alone is not of major concern but with magnesium, they are the main 

contributors to the hardness of water (Gray, 2008). Maximum limits have not been established for 

calcium. However, magnesium concentrations above 125 mg/L may cause diarrhoea in some 

people (Johnson and Scherer, 2009). Previous work on Siloam and Tshipise springs show that 

the concentrations of calcium are 1.40 and 5.58 mg/L and the concentrations of magnesium are 

1.30 and 0.17 mg/L, respectively (Olivier et al., 2010). 

Chloride (Cl-) 

Chloride is commonly found in groundwater. High concentrations of chloride ions can cause water 

to have a salty taste, corrode hot water plumbing systems and have a laxative effect on some 

people (Gray, 2008). A concentration below 200 mg/L has no undesirable health effects because 

World Health Organisation (2003) and European Union (1998) recommend 250 mg/L. The 
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chloride concentrations at Siloam and Tshipise geothermal springs are 44.35 and 168.97 mg/L 

respectively, which are suitable for drinking without further treatment (Johnson & Scherer, 2009; 

Olivier et al., 2010). 

Fluoride (F-) 

Fluoride is a non-metal which occurs naturally in groundwater. It promotes dental health at 

concentrations of between 0.7 and 1.5 mg/L (Gray, 2008). At concentrations above 1.5 mg/L, 

dental fluorosis (a brownish staining of the teeth) may occur (SABS, 1999; WHO, 2000). Previous 

studies show fluoride concentrations at Siloam and Tshipise springs were 6.11 and 5.63 mg/L, 

respectively, which are above the South African guidelines for drinking water (Olivier et al., 2008; 

2010). Since the concentrations do not fall within the recommended range for drinking water, 

geothermal water at Siloam and Tshipise are not suitable for drinking with regards to this mineral 

element.  

Sulphate (SO4
 2-) 

Sulphate is a constituent of a common salt found in groundwater, which can impart a salty taste. 

Drinking water with high quantities of sulphate can result in diarrhoea (Gray, 2008). With a 

concentration less than or equal to 200 mg/L sulphate, no adverse health effects are anticipated 

(Johnson and Scherer, 2009). The concentrations of sulphate in Siloam and Tshipise springs 

were 9.26 and 53.17 mg/L, respectively (Olivier et al., 2010), contributing to no adverse health 

effect. 

Nitrate (NO3
-) 

Nitrate is a very soluble anion and is dissolved by rainwater and percolates deeper into the soil 

where it enters groundwater by direct percolation. This makes nitrate the commonest chemical 

contaminant of groundwater (Spalding and Exner, 1993). WHO (2000) has set a standard of 

nitrate in drinking water as 10 mg/L; thus, Siloam and Tshipise spring waters are within the 

standard, having 0.00 and 0.61 mg/L, respectively (Olivier et al., 2010). The inclusion in the 

primary regulations is to protect against methaemoglobinaemia in infants under the age of 6 

months (Gray, 2008). 

2.8.2 Trace elements in geothermal springs 

There are many trace elements in geothermal spring water, and these include: Li, Be, B, Ti, V, 

Cr, Mn, Co, Ni, Cu, Zn, As, Se, Rb, Sr, Mo, Cd, Sn, Sb, Cs, Ba, La, W, Hg, Tl, Pb, Bi and U. 



26 

 

Antimony (Sb) 

Antimony is a silvery white earth metal which can be toxic at high concentrations. It occurs 

naturally in the environment. Exposure to antimony at high concentrations in drinking water can 

result in increase in blood cholesterol and a decrease in blood sugar (Gray, 2008).The guideline 

value for antimony is 20 µg/L (WHO, 2008), while stricter limits have been set by the European 

Community and South African Guidelines as 5 µg/L and U.S Environmental Protection Agency 

with maximum contamination level (MCL) of 6 µg/L. 

Arsenic (As) 

Arsenic (As) is a semi-metallic element that occurs in a wide variety of minerals, mainly as As2O3, 

and can be recovered from processing of ores containing mostly copper, lead, zinc, silver and 

gold. It is also present in ashes from coal combustion. Arsenic exhibits fairly complex chemistry 

and can be present in several oxidation states (-III, 0, III, V) (Smith et al., 1995). A high 

concentration of arsenic in drinking water can cause cancer, nausea, vomiting, diarrhoea and 

decreased production of red and white blood cells, and damage to blood vessels. The guideline 

value for drinking water is 0.01 mg/L (WHO, 2008; SABS, 1999). Previous study by Olivier et al. 

(2010) shows that the concentration of arsenic in Siloam and Tshipise spring water were 0.27 

µg/L and 0.14 µg/L, respectively. 

Barium (Ba) 

Barium is a metallic element belonging to the alkaline earths. It is present as a trace element in 

both igneous and sedimentary rocks. Its guideline value in drinking water is 0.7 mg/L (WHO, 

2008). There is no evidence that barium is carcinogenic (causing cancer) or mutagenic (causing 

changes in genetic mutation). The greatest concern to humans is its potential to cause 

hypertension (WHO, 2008). At Siloam and Tshipise springs, the concentration of barium were 

4.22 µg/L and 13.63 µg/L, respectively (Olivier et al., 2010). 

Beryllium (Be) 

Beryllium is not an organic metallic element which does not degrade nor can it be degraded. It 

occurs naturally in drinking water. The primary concern with beryllium exposure is the lung 

disease caused by inhaling beryllium, and intestinal lesions. According to the United States 

Environmental Protection Agency (EPA), MCL of beryllium is 4 µg/L (New Hampshire Department 

of Environmental Services, 2007). Be was undetected in the study carried out by Olivier et al., 

2010) 
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Boron (B) 

Boron is a soft, brown crystalline non-metallic element extracted chiefly from kernite and borax. It 

is found naturally in groundwater and its provisional guideline value by WHO (2008) is 0.5 mg/L. 

EPA recommends concentrations below 0.6 mg/L for lifetime exposure to boron in drinking water 

(Usuda et al., 2007). Boron concentration at Siloam and Tshipise were found to be 57.91 µg/L 

and 200.60 µg/L, respectively (Olivier et al., 2010). 

Cadmium (Cd) 

Cadmium is a rare natural element which is widely distributed in the earth’s crust in very small 

amounts (Water UK, 2001). It is a soft, bluish-white metal. Its guideline value is 0.005 mg/L (EU, 

1998) and 0.003 mg/L (WHO, 2008). When people breathe in cadmium, it can severely damage 

the lungs and may even cause death. Utilisation of cadmium by animals via eating or drinking 

could sometimes lead to high blood-pressure, liver disease and nerve or brain damage (Gray, 

2008). A maximum acceptable concentration of 0.005 mg/L (5 μg/L) for cadmium in drinking water 

has been established on the basis of health considerations (Jarup et al., 1998). Previous study 

by Olivier et al. (2010) shows the concentrations of cadmium at Siloam and Tshipise are 0 µg/L 

and 0.02 µg/L, respectively. 

Chromium (Cr) 

Chromium is a metal found in natural deposits as ores containing other elements. Chromate and 

dichromate also adsorb on soil surfaces, especially iron and aluminum oxides. Cr (III) is the 

dominant form of chromium at low pH (<4). Cr3+ forms solution complexes with ammonia, 

hydroxide, chloride, fluoride, cyanide, sulphate and soluble organic ligands. Cr (VI) is the more 

toxic form of chromium and is also more mobile. Cr (III) mobility is decreased by adsorption to 

clays and oxide minerals below pH 5 and low solubility above pH 5 due to the formation of 

Cr(OH)3(s) (Chrotowski et al., 1991). Chromium mobility depends on sorption characteristics of 

the soil, including clay content, iron oxide content and the amount of organic matter present. 

Chromium can be transported by surface runoff to surface waters in its soluble or precipitated 

form. Soluble and un-adsorbed chromium complexes can leach from soil into groundwater. The 

leachability of Cr (VI) increases as soil pH increases and most chromium released into natural 

waters is particle associated (Smith et al., 1995). The guideline value for drinking water are 0.05 

mg/L (WHO, 2008) and 0.1 mg/L (SABS, 1999). Chromium has the potential to cause the following 

health effects from long-term exposure at levels above MCL set by EPA: damage to the liver, 

kidney, circulatory system, nerve tissues and skin irritation. A study by Olivier et al. (2010) found 
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the concentrations of chromium in Siloam and Tshipise spring water as 0.97 and 0.70 µg/L, 

respectively. 

Cobalt (Co) 

Cobalt is an element that occurs naturally in the environment in air, water, soil, rocks, plants and 

animals. Co is widely dispersed in the environment and humans may be exposed to it by breathing 

air, drinking water and eating food that contain cobalt (George, 2003). Body contact with soil or 

water that contains cobalt may also enhance exposure.  Exposure to cobalt may cause weight 

loss, dermatitis, and respiratory hypersensitivity. International Agency for Research on Cancer 

(IARC) has listed cobalt and cobalt compounds within group 2B (agents which are possibly 

carcinogenic to humans). Previous study by Olivier et al. (2010) shows that the concentrations of 

cobalt in Siloam and Tshipise spring water were 0.05 µg/L and 0.01 µg/L, respectively. 

Copper (Cu) 

Copper is a reddish metal that occurs naturally in rocks, soil, water, sediment and air. Copper and 

its compounds are widely distributed in nature, and this element is found frequently in surface 

water and in some groundwaters (Alloway and Ayres, 1997). Copper is an essential and beneficial 

element in human metabolism and is generally considered non-toxic except at high doses (WHO, 

2008) and the guideline value is 1 mg/L. The acute lethal dose for adults lies between 4 and 400 

mg of copper (II) ion per kg of body weight, based on data from accidental ingestion and suicide 

cases (Agarwal et al., 1990). Individuals ingesting large doses of copper present with 

gastrointestinal bleeding, haematuria, intravascular haemolysis, methaemoglobinaemia, 

hepatocellular toxicity, acute renal failure and oliguria (Agarwal et al., 1990). At lower doses, 

copper ions can cause symptoms typical of food poisoning (headache, nausea, vomiting and 

diarrhoea). Previous study by Olivier et al. (2010) shows the concentrations of copper at both 

springs as 0 µg/L. 

Lanthanum (La) 

Lanthanum is a white soft metallic element that tarnishes readily. It occurs in rare earth minerals 

and is classified as one of the most reactive rare earth mineral (Lenntech, 1998-2009). La is used 

to produce catalysers and to polish glass as well as zeolite catalysts used in petroleum refining 

owing to its stability at high temperature. It can be a threat to the liver when it accumulates in the 

human body. In marine animals, lanthanum can destroy the cell membrane, which may have 

negative consequences for reproduction and the functions of the nervous system. The Australian 
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guideline value is 2 µg/L (NHMRC, 2004). Previous study by Olivier el al. (2010) reported 0.01 

µg/L for Tshipise and was not determined at Siloam. 

Lead (Pb) 

Lead is a metal found in natural deposits as ores containing other elements. It is generally used 

in household plumbing materials. Lead released to groundwater, surface water and land is usually 

in the form of elemental lead, lead oxides and hydroxides, and lead metal oxyanion complexes 

(Smith et al., 1995). Most lead that is released to the environment is retained in the soil. The 

primary processes influencing the fate of lead in soil include adsorption, ion exchange, 

precipitation, and complexation with absorbed organic matter. These processes limit the amount 

of lead that can be transported into the surface water or groundwater. The relatively volatile 

organo-lead compound tetra-methyl lead may form in anaerobic sediments as a result of 

alkylation by microorganisms (Smith et al., 1995). The amount of dissolved lead in surface water 

and groundwater depends on pH and the concentration of dissolved salts and the types of mineral 

surfaces present. The U.S Environmental Protection Agency (EPA) has set the MCL of water at 

0 mg/L because it believes the level of protection would not cause health problems (USEPA, 

2009). Exposure at levels above the MCL has the potential to cause strokes, kidney disease and 

cancer. The South Africa drinking water guideline value is 0.02 mg/L (SABS, 1999) and 0.01 mg/L 

(WHO, 2008). A study by Olivier et al. (2010) shows the concentrations of lead in Siloam and 

Tshipise spring water as 0.05 µg/L and 0.08 µg/L, respectively. 

Lithium (Li) 

Lithium is a soft, silvery white metal that becomes yellowish upon exposure to moist air (Salocks 

and Kaley, 2003). Lithium carbonate and lithium salts are used in medicine to treat bipolar disorder 

and as an antidepressant. Physical tolerance differs between individuals and ingestion of excess 

amounts of lithium is toxic. At 10 mg/L, one is mildly poisoned (Lenntech, 1998-2009). Its effects 

on humans include abdominal pain, nausea, vomiting and diarrhoea, loss of muscle coordination, 

muscle rigidity and exaggerated reflexes. Mineral waters contain 0.05-1 mg/L of lithium and 17.05 

µg/L and 94.24 µg/L were determined in Siloam and Tshipise geothermal springs, respectively 

(Olivier et al., 2010). 

Manganese (Mn) 

Manganese is a naturally occurring metal, important in the human diet. Mn is reactive when pure 

and as a powder it will burn in oxygen; it reacts with water (its rust like iron) and dissolves in dilute 
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acids (Lenntech, 1998-2009). According to Johnson and Scherer (2009), a high concentration of 

manganese does not appear to cause a health hazard. However, manganese concentration 

greater than 0.05 ml/L can cause brown and black stains on laundry, plumbing fixtures and sinks. 

The guideline value for drinking water is 0.05 mg/L (Kempster et al., 1997) and 0.1 mg/L (SABS, 

1999). A study by Olivier et al. (2010) shows the concentration of manganese in Siloam and 

Tshipise spring water as 0.75 µg/L and 0 µg/L, respectively. 

Mercury (Hg) 

Mercury is a liquid metal found in natural deposits as ores containing other elements (APEC, 

2010). Mercury is a toxic element, with particularly damaging effects on the brain and central 

nervous system. It serves no beneficial physiological function in man. The main toxicological 

effects of mercury include neurological damage, paralysis, blindness, and chromosome breakage 

(Alloway and Ayres, 1997). Mercury concentration above the guideline value can cause kidney 

damage in humans and animals. The maximum acceptable concentration for mercury is set at 1 

µg/L (WHO, 2008) which was adopted by the EC in drinking water directive, while the USEPA 

MCL has been set at 2 µg/L. Surface water and groundwater are generally well below this level. 

A study by Olivier et al. (2010) found mercury concentrations at Siloam and Tshipise as 0.53 µg/L 

and 0.33 µg/L, respectively. 

Molybdenum (Mo) 

Molybdenum is a silvery white metal which can be attacked slowly by acids. It is a valuable 

alloying agent but toxicity does occur at ˃ 100 ng/kg of body weight resulting in diarrhoea, anaemia 

and elevated uric acid in the blood (Gray, 2008). It is an essential element in plant nutrition. Some 

plants can have up to 500 ppm of the metal when they grow in alkaline soil and the recommended 

daily intake for the mineral is 75 µg as a food supplement (Lenntech, 1998-2009). Doses larger 

than 200 µg may cause kidney problems and copper deficiencies. WHO (2008) guideline value is 

70 µg/L, while the National Health and Medical Research Council (NHMRC) (2004) of Australia 

set the guideline value at 0.05 mg/L. Molybdenum concentrations were 2.23 µg/L and 1.41 µg/L 

at Siloam and Tshipise, respectively (Olivier et al., 2010). 

Nickel (Ni) 

Nickel is a silvery white, hard, malleable and ductile metal. It occurs in very low levels in the 

environment especially in drinking water (˂10%) (Gray, 2008). It is generally used as an ingredient 

in the steel and other metal products. It may be found in slate, sandstone, clay minerals and 
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basalt. It is a dietary requirement for many organisms. Nickel concentrations in plants are 1 µg/g 

(Gray, 2008) and concentrations of nickel higher than 50 µg/g can be toxic (EU, 1998). The human 

body contains about 10 mg of nickel (Gray, 2008). The guideline value for drinking water is 0.02 

mg/L (WHO, 2003) and 0.15 mg/L (SABS, 1999). A study by Olivier et al. (2010) shows that nickel 

concentration in Siloam and Tshipise spring water is 0 µg/L and 37.19 µg/L, respectively. 

Platinum (Pt) 

Platinum is a lustrous, silver-white, malleable and ductile metal. It is resistant to corrosion and 

tarnishing. Platinum has many uses which include making fine jewellery; its alloys are used in 

surgical tools, laboratory utensils, and electrical resistance wires. Platinum bonds are applied in 

medicine to cure cancer. Platinum compounds are used in tumour therapy (Alt et al., 1997). 

Platinum salts can cause several negative health effects such as hearing damage, DNA 

alterations, and can cause cancer and damage to organs such as the intestines and the kidneys, 

and to bone marrow (Lenntech, 1998-2009). According to WHO (2008), there is no guideline value 

that is recommended for platinum concentrations in water. Previous research reveals 

concentration of platinum as 0.01 µg/L at Tshipise and was not determined at Siloam (Olivier et 

al., 2010). 

Selenium (Se) 

Selenium is a non-metallic chemical element found in natural deposits as ores containing other 

elements (Smith et al., 1995). The major use of selenium is as an alloying additive in the 

metallurgical industry to improve the properties of copper, lead and steel. The toxic effects of long-

term selenium exposure in humans are manifested in nails, hair and liver. In drinking water, a 

health-based guideline value for drinking water of 0.01 mg/L is given (WHO, 2003) and 0.02 mg/L 

(SABS, 1999). The use of selenium’s antioxidant and curative properties as a dietary supplement 

has shown a positive effect on the following health problems: AIDS, arthritis, asthma, cancer, 

cardiovascular diseases, reproduction, thyroid and viral infections (George, 2003). A study by 

Olivier et al. (2010) shows that selenium concentrations in Siloam and Tshipise spring water are 

0.72 µg/L and 2.35 µg/L, respectively. 

Tin (Sn) 

Elementary tin does not dissolve in water under normal conditions (T = 20oC and pressure = 1 

bar). The naturally occurring amount of tin (cassiterite) in soils and water is relatively small 

(George, 2003). Tin is possibly a dietary requirement for a number of organisms. This may be 
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caused by its presence in gastrine, a stomach and intestinal hormone. Upon oral intake tin 

compounds may be toxic. It is unknown exactly how much tin contributes to toxicity. Inorganic tin 

compounds are generally non-toxic. Toxicity of other tin compounds varies strongly. Organic tin 

compounds are toxic to bacteria and fungi, whereas these are non-toxic to animals and humans. 

Naturally occurring tin compound rarely affect human health. Some tin compounds do cause 

adverse health effects. For example, TBT oxide causes skin irritations, breathing problems, 

vomiting, headaches and facial disorder (Lenntech, 1998-2009).  

Strontium (Sr) 

Stable strontium is a naturally occurring trace element in the diet and body (Skoryna, 1981). It is 

a soft silver-yellow, alkaline earth metal (Lenntech, 1998-2009). It is a widely distributed element 

in the geosphere, natural water and human tissues. Its compounds are used to colour television 

picture tubes and to produce the colour red in fireworks (Usuda et al., 2007). There is no evidence 

of strontium toxicity, but there are reports from a strontium-rich area in Turkey that when ingested 

in excessive amounts, strontium caused rickets. Clinical observations in Turkey noted a marked 

reduction in bone pain for patients suffering from osteoporosis (a medical condition in which the 

bones become brittle from loss of tissue) and a significant clinical improvement in patients with 

postmenopausal osteoporosis (Usuda et al., 2007). The United States EPA has recommended 

that the level of strontium in drinking water should not exceed 4 mg/L. Previous research reveals 

concentration of strontium as 20.35 µg/L and 213 µg/L at Siloam and Tshipise, respectively 

(Olivier et al., 2010). 

Tellurium (Te) 

Tellurium is a semi metallic, lustrous, crystalline, brittle, silver-white element (Lenntech, 1998-

2009). It has the properties of both metals and non-metals and used as an additive to steel and 

is alloyed to aluminium, copper, lead or tin. Ingestion even in small amounts can cause dreadful 

halitosis and body odour. It is not harmful to the natural environment. Currently, there is no 

guideline value for drinking water. A study by Olivier et al. (2010) shows that tellurium 

concentrations in Siloam and Tshipise spring waters are 0.02 µg/L and 0 µg/L, respectively. 

Zinc (Zn) 

Zinc is a trace element that is essential for human health and is one of the most mobile heavy 

metals in surface waters and groundwater because it is present as soluble compounds at neutral 

and acidic pH values (Gray, 2008). When people absorb too little zinc they can experience loss 
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of appetite, decreased sense of taste and smell, slow wound healing and skin sores. Zinc 

shortages can even cause birth defects. Very high levels of zinc can damage the pancreas and 

disturb the protein metabolism, and cause arteriosclerosis (Smith et al., 1995). The maximum 

allowable concentration and the permissible concentration of zinc in drinking water are 10 and 5 

mg/L respectively, according to ISI. A study by Olivier et al. (2010) shows that zinc concentrations 

at Siloam and Tshipise are 3.46 µg/L and 2.48 µg/L, respectively compared to the WHO standard 

of 3000 µg/L (WHO, 2003). 

2.9 Trace elements in the soil 

In nature, trace elements accumulate in the soil during the weathering of geologic parent 

materials, and they tend to be immobile (Davies, 1992). The concentrations in soils are related to 

the overlying parent material based on the immobile nature of trace elements (Malini et al., 1995). 

Trace elements in soils are generally insoluble and exhibit strong adsorption. The effects of soil 

characteristics on trace element concentrations in soils have been studied by many soil scientists 

and some of the studies have been reviewed by Adriano (1986). Trace element sorption depends 

on pH and whether the element occurs in anionic or cationic form (Dudka and Markert, 1992). 

Cation sorption increases with pH, showing a steep increase within a small pH range, which is 

known as the “adsorption edge” (Adriano, 1986).  

A high cation exchange capacity (CEC) or anion exchange capacity (AEC) allows soil to hold 

more cations or anions, than soil with a low CEC or AEC. The exchange capacity of a soil is 

related to other soil properties, such as organic matter, clay, and oxide content. Soil organic matter 

retains elements both through its exchange capacity and through specific sorption, especially for 

elements such as Cu, Co, Mn and B (Mezhals, 1996). Soil high in clay has more surface area for 

elements to adsorb and a higher CEC than soil low in clay. Oxides of Fe and Mn have high affinity 

for trace elements, and either sorb or occlude the trace elements (Mezhals, 1996).  

Redox potential of soil can change the solubility of an element. When soil undergoes reduction 

reaction, some elements such as Fe, Cd, Ni, and Pb can form insoluble sulphide precipitates. 

Elements such as Mn and Fe become more soluble under reducing conditions, in the absence of 

sulphides. All of these factors control the trace element retention of soil (Adriano, 1986). Since 

parent material is responsible for the lithogenic trace element content of soils, it may be helpful to 

correlate trace element concentration in soils to parent materials (Malini et al., 1995). 
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Soils are important receptacles for trace elements and they naturally contain trace levels of these 

elements. The presence of trace elements in soil is, however, not indicative of contamination but 

is primarily due to the geology of the parent material that forms the soil (Burk et al., 2011). 

Geothermal springs are rich in trace elements owing to dissolution of the rock as a result of the 

high temperature. Therefore, assessment of trace element fate, bioavailability and transport in 

surface water and groundwater is required in order to predict potential contamination and impacts 

on soil and vegetation (Burk et al., 2011).  

2.9.1 Physicochemical factors affecting the transfer of the trace elements in the soil 

Soil pH 

Soil pH is the main variable controlling the solubility, mobility and transport of trace elements, as 

it controls metal hydroxide, carbonate and phosphate solubilities. Soil pH also affects ion pair and 

complex formation, surface charge, and organic matter solubility (Appel and Ma, 2001; Huang et 

al., 2005). Trace elements solubility can be strongly affected by small changes in pH values. Metal 

solubility and their ion activity decrease with higher pH. The release of trace elements from 

freshwater sediments after gradual reduction of pH was Ca ≡ Mn > Fe > Ni > Zn > Cd > Al > Pb 

> Cu, and depends on the solid compound that held the trace elements (Buyks et al., 2002). 

Soil pH controls the movement of trace elements from one soil horizon to another, since trace 

elements can be held in the lattice of secondary minerals (1:1 and 2:1 clay minerals), adsorbed 

on Fe and Mn oxides, and carbonates, or precipitated as carbonates. For instance, Maskall and 

Thornton (1998) found increases in the proportions of readily mobile forms of Pb and Zn as pH 

fell below 5. Cattlet et al. (2002) observed a decrease of Zn2+ activity in the soil solution as pH 

increased. They concluded that the organic matter adsorption and the formation of franklinite 

accounted for this trend.  

Soil pH affects trace elements sorption. Boekhold et al. (1993) observed that Cd sorption doubled 

for each 0.5 increase in pH from 3.8 to 4.9. In sandy soils, a unit increase in pH produced a 2‐ to 

10‐fold increase in ion sorption (Harter and Naidu, 2001). The type and concentration of 

electrolyte and the substrate control pH change (Harter and Naidu, 2001). Whereas the retention 

and release vary minimally for various cationic elements, these processes manifest large 

differences for those trace elements that form anionic chemical species such as As, Cr, or Se. 

The concentration of arsenate in solution, that is, the predominant inorganic species of As, 

decreases at low pH because of its adsorption (Manning and Goldberg, 1996). Tyler and Olsson 
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(2001) observed an increase in the concentrations of As, Se, Mo, Cr, Sb and U in soil solutions 

with increasing pH. 

Soil Organic Matter 

Organic matter can play a dual role in trace elements solubilities. Particulate organic matter, by 

virtue of its high CEC, can effectively adsorb trace elements (Adriano, 2001). High‐molecular‐

weight organic compounds can also bind and strip trace elements from the solution, because they 

can be insoluble and therefore semi‐immobile (Schmitt et al., 2002). It has been reported that 

humic acids can increase Cd retention on kaolinite four times (Taylor and Theng, 1995) and the 

formation of stable organometallic complexes can lead to relatively lower mobility of Cu, Pb, Ni, 

Zn, and Cd (Karapanagiotis et al., 1991). It has also been observed that insoluble organic 

molecules decreases the availability of some elements, such as Cu or Pb, by the formation of 

insoluble complexes (Bataillard et al., 2003). 

In contrast, Temminghoff et al. (1998) found that humic acids enhanced Cu mobility, but the 

process was strongly affected by Ca concentration and the pH of the soil solution. In general, 

however, low‐molecular‐weight compounds, such as fulvic acids, can remain in the soil solution 

and thus increase the mobility of bound metals (Naidu and Harter, 1998). Some authors have 

found that naturally-occurring dissolved organic matters can increase the mobility of some 

elements, such as Cd (Lasat, 2002).  

Organic matter may also limit the precipitation of chloropyromorphite (Pb5(PO4)3Cl), because 

dissolved organic matter inhibits crystal growth (Lang and Kaupenjohann, 2003). Also organic 

ligands could affect crystallization of secondary minerals; organic coatings around the crystal 

seeds may inhibit or retard crystallization (Ma, 1996). Preferential flow paths can adsorb certain 

trace elements due to higher organic matter content compared to soil matrix (Bundt et al., 2001). 

In contrast, the soluble organic matter may increase the amount of trace elements in the soil 

solution by the formation of soluble organo-metallic complexes (Naidu and Harter, 1998). 

Clay minerals content and soil structure 

Clay‐rich soils generally have higher retention capacity than soils with little or no clay (Murray et 

al., 2004). Cation sorption on clay minerals varies depending on clay nature and cation properties. 

Vermiculite adsorbs twice as much Cs than illite and 20 times more than kaolinite in a single 

cation suspension (Tamura, 1972 and Murray et al., 2004). Pb and Cu adsorption was higher than 

Zn, Ni, and Cd adsorption on illite, beidellite, and montmorillonite (Murray et al., 2004). Desorption 
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followed the trend Pb > Cd ˃ Cu > Ni > Zn for beidellite and Pb > Cd ≡ Cu > Ni > Zn for illite and 

montmorillonite (Rybicka et al., 1995). Tiller et al. (1984) found a Pellustert (containing 

montmorillonite and kaolinite) adsorbed more Cd, Zn, and Ni than a Haplohumox or an Udalf 

(containing illite, kaolinite, chlorite, and quartz) at low pH value (4.5), whereas at high‐pH values 

(>6.5) Cd and Ni adsorption capacity of Udalf was higher.  

Selectivity of trace elements cation adsorption varies with clay minerals. Vermiculite is very 

effective for adsorbing Cu2+, Pb2+, Cd2+, Zn2+ and Ni, and the selectivity is greater than in 

montmorillonite, apparently due to more specific adsorption sites (Malla, 2002). However, 

selectivity changes with cations, as Brigatti et al. (2004) found that montmorillonite adsorbed 

greater amount of Hg than vermiculite. Tiller et al. (1984) identified three types of reactions, each 

having different affinities for cations:  

 those associated with iron oxides, which appeared to be controlled by metal ion 

hydrolysis; 

 those associated with organic colloids; and  

 those associated with 2:1 clay minerals with lower sensitivity to pH. 

2.10 Trace elements in vegetation 

Trace elements also called “micronutrients” are those nutrients required in extremely small 

quantities (less than 100 ppm in plant dry weight). They are essential for the correct functioning 

of many plant, animal and human biological systems (Fuller, 2009). Some trace elements such 

as Cu, Fe, Mn, Zn, B and Mo are considered plant nutrients. Some of them, such as Ni and Co 

are considered essential to plant growth, since Ni is a component of the enzyme urease and Co 

is present in some enzymes, such as dehydratases, mutases, transpherases and phosphatases 

(Fuller, 2009). 

Some essential trace elements play a vital role in many physiological processes in trace amounts; 

several of these ions are required for growth, metabolism and development (Shi and Sengupta, 

1995; Singh and Yunus, 2000). High levels of these trace elements could lead to a range of 

cellular damage through inactivation of bio-molecules by blocking essential functional groups or 

through the displacement of essential metal ions (Adriano et al., 1978). 

Plants growing on soils with high concentrations of trace elements more often than not contain 

these trace elements in their tissues (Leavitt et al., 1979). The absorption of elements occurs 
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through the root system, through diffusion or cation exchange on the surface of clay minerals 

(Brooks, 1972). The elements are then translocated to the aerial parts of the plants such as the 

leaves, bark and shoots. Some plants can accumulate elements in huge quantities without any 

negative impact on their physiology. The plant’s ability to translocate elements from the roots to 

the aerial parts depends on the depth of its root system. Plants in arid and semi-arid environments 

have deep-rooted systems because they depend on the saturation zone, below the water table 

for their moisture (Otieno et al., 2005). 

Vegetation, which has deep penetrating root systems can absorb elements from throughout the 

soil horizons, groundwater, and even underlying bedrock (Raju & Raju, 1999). Arid to semi-arid 

climates commonly have sparse vegetation cover, however many of the species present may be 

phraetophytes (have deep penetrating roots in excess of 100 m) and as a result, require sampling 

much greater depths (Hoffmann, 1989, Cohen et al., 1989). Some of these elements extracted 

are essential and important for the survival of the plant. The non-essential elements (some of 

which are toxic to the plant) are stored in the more extreme parts of the plant such as the outer 

bark, twigs and tree tops. A number of these toxic elements are heavy metals which are of 

economic value and are moved to the parts of the plants that are easiest to sample (Dunn et al., 

1996). 

Some trace elements such as Cd, Cr, Hg, Pb, Ba, Sn, As and Se have no function in plant 

nutrition, elements (Pais and Jones, 1997). Plants absorb only minute amounts of Pb and then 

mostly in the roots. However, plants, especially leafy vegetables like lettuce, cabbage, and 

spinach, can absorb Cd in roots, leaves, and to some extent in their fruits (Cakmak et al., 2009). 

There are few cases of severe contamination with Cd that have resulted in harm. Once they are 

present in the soil, trace elements may be up-taken and accumulated in plants; this is the way 

trace elements enter the human food chain.  

Table 2.5 shows some essential trace elements and their typical range in the soil content (mg/Kg). 

Soil pH, organic matter content, CEC and temperature can affect uptake of trace elements by 

plants (Pais and Jones, 1997). Boron is moderately mobile and moves out of the rooting depth of 

coarse textured, acidic soils and soils that have low organic matter content (Pais and Jones, 

1997). The levels of plant available forms of trace elements are generally very low in relation to 

the total quantity present in soils (Singh and Yunus, 2000). Some of these elements are not 
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available for most plants to take up. Soil reaction has the greatest influence on availability of trace 

elements that are taken up by plants (Singh and Yunus, 2000).  

Element absorption occurs through the root system, by diffusion or cation exchange at the surface 

of clay minerals as well as transpiration (Brooks, 1972). The elements are then translocated to 

the aerial parts of the plants such as leaves, bark and shoots. 

     Table 2.5: Essential trace elements in vegetation 

Trace 

element 

Chemical 

symbols 

Mass number 

(amu) 

Common forms 

in soil 

Typical range of soil 

content (mg/Kg) 

Boron B 9 BO3
3- 0.9  -  1000 

Chlorine Cl 35.5 Cl- 18  -  806 

Cobalt Co 60 Co2+, Co3+ 0.3  -  200 

Chromium Cr 52 Cr3+,Cr6+ 0.9  -  1500 

Copper Cu 63.5 Cu2+ 2.5  -  60 

Fluorine F 19 F- 6  -  7070 

Iodine I 127 I- <0.09  -  80 

Iron Fe 56 Fe2+,Fe3+ 0.01  -  21% 

Manganese Mn 55 Mn2+ <1  -  18300 

Molybdenum Mo 96 Mo6+ 0.07  - 5 

Nickel Ni 59 Ni2+, Ni3+ 0.1  -  1523 

Selenium Se 79 Se5+,Se6+ 0.03  -  2 

Zinc Zn 65 Zn2+ 1.5  - 2000 

    Source: Wild, 1988 and Alloway, 1995 
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CHAPTER THREE 

 RESEARCH METHODOLOGY 

3.1 Research design 

This research was aimed at determining the trace elements concentrations in the geothermal 

springs of Siloam and Tshipise and their impacts on the soil and the vegetation. It is a quantitative 

study which show the variation of trace element concentrations among the geothermal spring 

water, soil and vegetation. The study investigated the trace elements availability in a non-

geothermal source of water, soil and vegetation at Riverside residence (University of Venda) to 

serve as a control. 

Numeric data were obtained from experimental analyses which were used for appropriate 

statistical analysis. Correlation analysis, factor analysis and two-way analysis of variance 

(ANOVA) were carried out on the obtained concentrations from the spring water, neighbouring 

soils and vegetation at both sites, in order to establish a valid conclusion on the findings.  

3.2 Sampling 

The sampling exercise was carried out thrice per season, specifically in winter and summer 

seasons to establish seasonal effect on the parameters at the study sites and control site (Yahaya 

et al., 2009). The sampling was carried out from May – July (winter season) and September – 

November (summer season), 2014. Table 3.1 summarises the number of samples of geothermal 

spring water, neighbouring soil and vegetation per season.  

Table 3.1: Summary of samples and geographic coordinates of the sites 

Study sites Coordinates Type of samples No of samples per  

trip            season Total sample 

Siloam 

 

 

22° 36’ 05.48" S 

30° 10’ 23.01" E 

 

Geothermal water 

Surface soil (5 points) 

Mangifera indica (Leaf and bark) 

   2                    6 

   5                   15 

   2                    6 

12 

30 

12 

Tshipise 

 

 

22° 53’ 09.66" S 

30° 12’ 40.36" E 

 

Geothermal water 

Surface soil 

Acacia robusta (Leaf and bark)                            

   2                    6 

   5                   15 

   2                    6  

12 

30 

12 

Control site 

Riverside 

(UNIVEN) 

22° 58’ 40.12” S 

30° 27’ 04.25” E 

Non-geothermal water 

Surface soil  

Mangifera indica (Leaf and bark) 

Acacia robusta (Leaf and bark)                            

   1                    3   

   1                    3 

   2                    6 

2                    6 

6 

6 

12 

12 

Total samples      24                  72 144 
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Quality assurance/Quality control (QA/QC) were incorporated into geothermal spring water, soil 

and vegetation sampling investigation in order to enhance sample integrity, increase the 

confidence of analytical data, and to prevent reporting wrong positive values caused by 

contamination. Field blank and splits were ensured for water sample; rinse blank and splits for 

soil samples and extract splits for the vegetation samples. 

3.2.1. Geothermal spring water samples 

Geothermal spring water samples were taken from Siloam and Tshipise springs. Representative 

samples were obtained through random sampling, in which water samples were obtained from 

every part of the spring, where possible with a plastic cup (Figures 3.1A and 3.1B) as 

recommended by Harvey (2000). The plastic containers were rinsed properly with the spring water 

to avoid cross contamination. All the water samples were collected in 2L plastic containers before 

transporting them to the laboratory for sample pre-treatment. The geothermal water samples were 

allowed to cool before pre-treatment and preservation in the laboratory. A control sample was 

taken from a non-geothermal source of water at the University of Venda (UNIVEN). 

 

A – Water sampling at Siloam geothermal spring 
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B - Water sampling at Tshipise geothermal spring 

 

C – Water sampling at Riverside, UNIVEN 

Figure 3.1: Sampling of geothermal spring water and non-geothermal water 
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3.2.2 Soil samples 

The simple random sampling procedure adopted by Pleysier (1995) was followed. Representative 

samples were obtained by random sampling, in which surface soil samples were taken from every 

part around the geothermal spring (Figures 3.2A and 3.2B) as recommended by Harvey (2000). 

Soil samples were taken at distances of 5 meter intervals to 20 meters away from the geothermal 

springs at Siloam and Tshipise, starting from the geothermal springs themselves. Thus, soil was 

sampled from 5 points in each study site; in a circular manner at Siloam and lateral manner at 

Tshipise due to mountain obstruction. Figure 3.3 shows the sampling points locations with their 

codes: SS1 – SS5 (Siloam) and ST1 – ST5 (Tshipise) representing the surface soil samples from 

0 – 20 m away from the geothermal springs. Representative samples were taken from the top soil 

of depth 0-15 cm with hand shovel and was put inside a sampling bag, preferably polypropylene 

bag. A control sample was also collected from non-geothermal spring area. All the soil samples 

were collected in the polypropylene bag and transported to the laboratory before sample pre-

treatment. 

 

A – Sampling the soil at Siloam 
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B - Sampling the soil at Tshipise 

 

C – Sampling the soil at Riverside, UNIVEN  

Figure 3.2: Sampling soil at and in the neighbourhood of Siloam and Tshipise geothermal  

        springs and Riverside, UNIVEN as control  
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Figure 3.3: Locations of the sampling points of the soil at Siloam and Tshipise geothermal          
        springs, respectively. SS1 – SS5 and ST1 – ST5 represent distance from 0 – 20 m        
        away from the geothermal spring at Siloam and Tshipise, respectively.  

3.2.3 Vegetation samples 

The simple random sampling procedure was adopted for plant sampling (Pleysier, 1995). 

Vegetation samples were taken from the geothermal spring sites at Siloam, Tshipise (Figures 

3.4A and 3.4B). The bark and leaf parts of the plant were sampled owing to their ability to 

accumulate trace elements from the soil (Pyle et al., 1996; Robinson et al., 2008). The vegetation 

samples were handpicked and a representative sample was obtained by taking a number of 

sample units randomly and combining them to form a bulk sample. The vegetation were within 10 

m from the geothermal springs. All the vegetation samples were collected in the polypropylene 

bag and transported to the laboratory before the sample pretreatment. Botanists from Botanical 

Laboratory in the Department of Botany, University of Venda identified the plant to be Mangifera 

indica (Siloam) and Acacia robusta (Tshipise). Mangifera indica and Acacia robusta were chosen 

because they were plant species that grow around the geothermal springs at Siloam and Tshipise. 

The bark close to the soil and mature leaves of Mangifera indica and Acacia robusta were 

sampled owing to their ability to accumulate trace elements from the soil (Pyle et al., 1996). 

 

Sampling points locations Sampling points locations 
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A – Sampling the leaves of Mangifera indica at Siloam 

 

B – Sampling the bark of Acacia robusta at Tshipise 
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C – Sampling the leaves of Acacia robusta at Riverside, UNIVEN  

Figure 3.4:  Sampling of vegetation samples at Siloam, Tshipise and Riverside (control) 

3.3 Experimental protocol 

The experimental protocol of the research was subdivided into two segments based on seasonal 

variation. The first segment involved the winter sampling (May – July) and analyses involving the 

geothermal water, soil and the vegetation. The physicochemical parameters as well as trace 

element concentrations of the geothermal spring water and non-geothermal water were analysed 

and their impacts on the soil and vegetation were quantified.  The second segment involved 

summer sampling (September – November) and analyses. The same studies for winter season 

were repeated for summer season to ascertain seasonal variation on the impacts of geothermal 

springs on the soil and vegetation.  

All experiments were conducted under room temperature. The EC and TDS readings were 

expressed in mS/cm or µS/cm and mg/L, respectively, while the concentration of major cations 

and anions and trace elements were expressed in mg/L, µg/L and mg/Kg for water, soil and 

vegetation, respectively. The experimental analyses were conducted in triplicate to ensure quality 
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assurance. Field measurements were carried out after proper calibration of the instrument (Figure 

3.5). 

 

Figure 3.5: Calibration for Multimeter (Multi 340i/SET) for field work                       

3.3.1 Chemicals 

The reference materials used in this study were all standard chemicals from Agricultural research 

council-Institute for Soil, Climate and Water (ARC-ISCW), Pretoria South Africa. Certified purified 

traceable standard of 1000 mg/L of Ytterium and Indium (internal standards) for all the 28 trace 

elements with the major cations were used in the calibration of ICP-MS (Agilent 7700 series, USA) 

and ICP-OES (X-series 2, USA), respectively. Anions (F-, Cl-, NO3, NO2, SO4, PO4) standard 

combining NaCl, NaF, NaNO3, NaNO2, K2SO4 and KH2PO4 were used to calibrate Ion 

Chromagraphy (Dionex Model DX 500, USA). Metal salts used in the digestion processes include; 

HNO3, HCl, HClO4 and H2O2.  

3.3.2 Sample pre-treatment 

Water samples 

The water samples were not filtered because there is need to analyse the water as it was being 

used, but acidified with concentrated HNO3 to pH <2 (normally, 3 mL of conc. acid per litre of 
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water samples) (USEPA, 2004). Preservation was carried out at the time of collection, to avoid 

the hazards of strong acids in the field, transport restrictions, and possible contamination. 

Acidification was carried out in the laboratory. The samples were mixed, held for 16 hours, and 

then verified to be pH <2 just prior to withdrawing an aliquot for processing or direct analysis were 

conducted. Water samples for major anions were kept at 4°C in the refrigerator and analysed 

within seven days of collection. 

Soil samples 

The pre-treatment of soil samples was carried out according to SR ISO 11466:1999. The soil 

samples were oven-dried by breaking down aggregates at 50°C for 8 hours. The dried soil 

samples were grounded (Figure 3.6 A) and sieved through 100 µm sieve. Then, the soil samples 

were labelled and kept in sealed plastic bags for analyses. 

Vegetation samples  

The pre-treatment of plant samples (bark and leaves) was carried out according to SR ISO 

11466:1999. In this study, leaves and bark of the trunk were sampled for analysis owing to their 

ability to accumulate trace elements from root system via transpiration. The bark and leaf samples 

were intensely rinsed with tap water and deionised water, to eliminate soil and dust from the barks 

and leaves. Then, the samples were oven dried at 50°C for 8 hours, grounded (Figure 3.6 A) and 

then sieved through the 100 μm sieve. The samples were labelled and kept in sealed plastic bags 

until analyses were conducted. 

3.4 Experimental analysis 

3.4.1 Digestion analysis 

The water samples were not digested because they were acidified during the sample pre-

treatment as recommended in USEPA (2004). Samples were further diluted depending on the 

analyses to be carried out. For ICP-OES analysis (Major cations), there was no further dilution 

while there was 10 times dilution for ICP-MS analysis (28 trace elements). 

The soil samples were digested using a microwave digestion system (SR ISO 11466: 1999). 

Approximately 1.0 g of pre-treated samples were digested with 9 mL HNO3 and 1 mL H2O2. The 

solutions were allowed overnight and placed in the microwave for 30 minutes. After cooling, it was 

diluted to 50 mL with distilled water. 



49 

 

The vegetation samples (bark and leaves) were digested using Hot Block Method (NIOSH, 2003). 

A total of 0.5 g ground bark and leaf samples were weighed and 14 mL of 16 M HNO3 was added. 

The solution was allowed to stay overnight and was placed in the block digestion system at initial 

temperature of 80°C for 30 minutes and increased at intervals of 10°C up to 120°C. Three to four 

drops of H2O2 were added and shaken for a few minutes, then allowed to cool for 20 minutes. 

Then, it was made up to 100 mL with de-ionised water and filtered with 15 mm size filter paper 

(ICP-MS analysis). 

A total of 0.5 g powdery form of tree barks and leaf samples (Figure 3.6 A) were weighed and 7 

mL 16 M HNO3 with 3 mL HClO4 was added and shaked then allowed overnight in the fume 

cupboard (NIOSH, 2003). The solution was placed in the block digestion system at initial 

temperature of 80°C for 30 minutes and increased at intervals of 10°C up to 180°C (Figure 3.6 

B). Three to four drops of H2O2 were added and shaken for a few minutes, then allowed to cool 

for 20 minutes. Then, the solution was made up to 100 mL with de-ionised water and filtered with 

15 mm size filter paper (ICP-OES analysis). 

 

A - Grinding of the oven dried soil and plant samples 
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B - Digestion using Hot Block Method (Barks and Leaves) 

Figure 3.6: Images of some selected experimental analysis carried out at ARC-ISCW 

3.4.2 Water extract analysis from vegetation samples 

The standard procedure for water extract from tree barks and leaves by Garltey (2011) was 

followed: Approximately 0.5 g of the barks and leaves were weighed and 50 mL of distilled water 

was added. It was then placed in a shaker for 30 minutes and allowed to cool; later placed in the 

centrifuge for 10 minutes at 50 rpm and filtered off with 100 mm filter paper to collect the water 

extract for EC, TDS and major anions analyses. 

3.4.3 Saturated soil paste analysis 

The saturated soil paste analysis was carried out according to Garltey (2011). The weight of the 

empty dish was noted and approximately 250 g of dried, sieved soil sample was added. Distilled 

water was added to the soil in the dish while stirring with a spatula. After thorough mixing, the 

samples were allowed to stand for 2 hours and weighed again to check for saturation. The 

saturated paste was transferred to a Buchner funnel with a 9 cm filter paper. A vacuum was 

applied and the saturated paste extract was collected in 250 mL vacuum flask. The extracts was 

analysed for EC, TDS and major anion. 
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3.4.4 Temperature, pH, EC and TDS analysis 

The measurement of the pH, temperature, EC and TDS of the water samples were carried out in 

situ using Multimeter (Multi 340i/SET, USA) and also at the laboratory. The water extracts 

obtained from the bark and leaf samples were used to analyse for the pH, EC and TDS following 

Garltey (2011) procedure. The electrode was rinsed and the pH adjusted with a standard pH 

solution concentration followed by HCl or NaOH; the electrode was rinsed with distilled water, the 

water extract from barks and leaves samples was analysed for pH and EC using Mantech tritrasip 

autotitrator (Figure 3.7 A) 

The saturated paste extract were analysed for pH, EC and TDS as proposed by Garltey (2011). 

After calibration of the instrument, the saturated paste extract from the soil samples was anlaysed 

for pH, EC and TDS using Mantech tritrasip autotitrator (Figure 3.7 A). 

From the EC value obtained from the procedure above, the TDS can be calculated by the formular 

in equation 6. All the samples were measured in triplicate and the mean values were estimated 

per season. 

3.4.5 Soil organic matter analysis 

Soil organic matter (SOM) content was estimated from an ignition method proposed by Magdoff 

et al. (1996). An empty porcelain was weighed (W1) and a known mass of the soil sample (W2) 

was added together (W3). The soil porcelain was placed in muffle furnace at 440°C for 12 hours 

and reweighed to know the weight of Ash (W4). Weight of porcelain + ash (W4) was deducted from 

weight of porcelain + soil (W3) resulting to weight of ash (W0). Then, weight of ash (W0) was 

divided by the weight of soil (W2) multiplied by 100. 

𝑊0

𝑊2
× 100……………………………………………………………eqn. 7 

All the soil samples were analysed in triplicate and the mean values were estimated and 

documented. 

3.4.6 Major anions analysis 

Water samples were filtered with a 0.45 µm filter paper before taking a subsample for analyses. 

The EC value obtained was an indicator for indicating if further dilution was necessary. EC value 

above 500 µS/cm requires 5 times dilution and above 1000 µS/cm requires 10 times dilution. The 

subsamples were poured into the auto sampler vials and analysed using IC (Dionex Model DX 

500) (Figure 3.7 B) (USEPA, 1993).  
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The water extract from plant (roots and leaves) samples and saturated paste extracts from soil 

were further filtered using a 0.45 μm membrane type filter and then analysed using IC (Dionex 

Model DX 500) (Figure 3.7 B) after the EC values were known (USEPA, 1993). The samples were 

measured in triplicate and the mean values were estimated 

3.4.7 Trace elements analysis 

The procedures for the determination of trace elements in the vegetation (barks and leaves) and 

soil samples were adopted from Pais and Jones (1997); they are as follows: digested samples 

from microwave (soil) and block digester (bark and leaves) were filtered with 0.45 µm filter paper 

before taking a subsample for analyses. The major cations were analysed using ICP-OES without 

further dilution after calibration with the internal standard of the equipment. Trace elements were 

analysed using ICP-MS (Figure 3.7 C) after the background check up of the equipment. The mass 

spectrometry for lowest, medium and highest mass numbers were obtained (Appendix 1). The 

samples were measured in triplicate and the mean values were estimated. 

The geothermal water samples were analysed for major cations using ICP-OES without dilution 

and trace elements using ICP-MS with a dilution factor of 10. All the measurements were carried 

out in triplicate to obtain a mean value. 

 

A - Mantech Titrasip Autotitrator used for determination of pH, EC and alkalinity                       
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B – Ion chromatograpy (Dionex Model DX 500) used for the determination of the major anions 

 

C – Inductive coupled plasma-mass spectrometer (ICP-MS) (Agilent 7700 series) used for the            

determination of the trace elements 

Figure 3.7: Some equipments used for analyses at ARC-ISCW 
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3.5 Data analysis and interpretation 

Statistical analyses were conducted using the Statistical Package for Social Science (IBM Version 

22) and Microsoft Excel 2013 (Microsoft Corp., Santa Rosa, CA). The chemical elements’ 

concentrations and physico-chemical parameters of water, soils and plants were subjected to 

descriptive statistics and presented in tables, line graphs and charts. Data obtained from the 

hydro-chemical parameters were subjected to Piper chart to identify the main chemical 

compositions of the spring water, surface soils and vegetation. Piper diagram is a tri-linear 

diagram on which the concentrations of the major ions are plotted as percentages, with each point 

representing a chemical component of the samples. The two base triangles reflect the sample 

anions and cations concentrations, respectively.  

Factor analysis was performed on trace element concentrations from the soil through the 

extraction method (principal component analysis). The rotation of the principal components was 

executed through the Varimax method with Kaiser Normalisation (Liu et al., 2003). Factor loading 

is the measure of the degree of closeness between the variables and a factor. The Rotation mode 

factor analysis provides several positive features that allow the interpretation of data sets.  

The parameters analysed from geothermal spring water, soil and vegetation were subjected to 

ANOVA (Two factors without replication) to establish if there are significant differences (P ˂ 0.05) 

in the samples in different seasons. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Preamble 

This chapter presents and discusses the results for all the experimental work conducted. These 

results relate to: concentrations of the trace elements from the geothermal springs, surface soils 

and vegetation around the geothermal springs. The impacts of these trace elements were 

quantified in the soil at different distances away (5 m interval) and in the vegetation. The results 

presented in this chapter are summarised mean values obtained from the analyses per season. 

4.2 Physical and chemical characteristics of the geothermal springs 

4.2.1 Thermal characteristics of the geothermal springs 

The thermal property of the geothermal springs show slight variation with time (Figure 4.1). 

Previous work by Kent (1949) and Olivier et al. (2008; 2010) also reported slight changes in the 

thermal property of these springs which could not be accounted for. Figure 4.1 shows clearly the 

variations in the thermal property of the geothermal springs. Siloam recorded 67.5°C in 2004, 

62°C in 2010, 67.7°C in winter season (2014), 68.6°C in summer season (2014) while Tshipise 

recorded 57.2°C in 1949, 58°C in 2004/2010, 54.6°C in winter season (2014), 55.7°C in summer 

season (2014). These changes can be attributed to seasonal variation which leads to the 

fluctuation of the thermal property of the springs. During the summer season, there is high rainfall 

and more underground water (coupled with high flow rate), which is heated as a result of the 

geothermal gradient of 2°C - 3°C per 100 m (Press and Siever, 1986). This results in high 

temperature in summer compared to winter season. At both sites, there is approximately 1°C 

difference in the thermal property of the geothermal spring in summer season compared to winter 

season. This high temperature in summer results in more transfer of moisture to the atmosphere 

until the dew point is reached, hence there is potential to rain more intensely this period. 

The temperature obtained in the geothermal spring’s water was higher compared to the control, 

which shows that there is a significant difference in their temperature. High water temperature in 

the geothermal spring aids in the more mineralisation of the water compared to the control sample 

(Odiyo and Makungo, 2012). The differences in the temperature in control sample could be 

attributed to the surrounding temperature since it is a borehole (Figure 4.1). Thermal properties 

of these geothermal springs have shown slight variations over ten years and more (Figure 4.2). 

The R2 – values were less than 0.5 (0.15 for Siloam from 2004 – 2014 and 0.46 for Tshipise from 
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1949 – 2014), which implies that there is a weak correlation between the temperature of the 

geothermal springs and time. In each study site, the temperature obtained during summer season 

was not significantly different from the temperature obtained during winter season except for the 

control (Figure 4.1). This shows that the geothermal gradient of the springs is the major controlling 

factor. 

Figure 4.1: Comparison of the thermal properties from this study with previous studies 

        (Kent, 1949 and Olivier et al., 2008; 2010) 

 

Note:  yr 1 – 1949, yr 2 – 2004, yr 3 – 2010, yr 4 – winter 2014 and yr 5 – summer 2014 

Figure 4.2: Trend of temperature variation with studies by Kent and Olivier et al. 2008; 2010 
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4.2.2 Chemical composition of the geothermal springs 

Geothermal springs are usually mineralized to a greater or lesser extent, depending on the 

geological formation associated with the circulating groundwater (Todd, 1980). Table 4.1 shows 

the results of the chemical composition of the geothermal spring water and a non-geothermal 

spring water (control). Results show that geothermal spring water is more mineralized than non-

geothermal water and its mineralization could be due to the rock-water interaction at the deeper 

aquifer. Non-geothermal water falls within domestic water quality (DWAF, 1996) and WHO (2000) 

value for pH, SAR, EC and TDS. There is little or no differences in the chemical composition of 

the control sample at both seasons which could be as a result of the constant temperature of the 

water compared to the geothermal spring water. 

The measured pH values are 9.43 and 9.57 at Siloam, 8.91 and 8.93 at Tshipise for winter and 

summer seasons, respectively. The control site pH is 7.71 for both seasons. The pH values 

obtained at Siloam exceeded the recommended South African Guidelines for Domestic Water 

Quality (DWAF, 1996) values of 7-9. The SAR values for Siloam and Tshipise were greater than 

one (>1). Therefore geothermal water is not suitable for irrigation. TDS values were 188.4 mg/L 

and 214 mg/L at Siloam; 428.4 mg/L and 467.49 mg/L at Tshipise for winter and summer, 

respectively. The TDS value at Tshipise in summer season (467.49 mg/L) exceeded the value for 

Domestic Water Quality (DWAF, 1996) value of 450 mg/L, although, the EC for Siloam and 

Tshipise were within the South African Guidelines. 

A comparison of the present findings with previous studies in Siloam and Tshipise carried out by 

Olivier et al. (2008, 2010) (Table 4.1), reveals that the mineral composition of the geothermal 

water has remained partially constant over the last 6 years (2004 - 2010). The slight differences 

were probably due to the differences in fundamental changes in water chemistry, which result in 

seasonal variation in the compositions of the springs. The chemical composition of the studied 

geothermal water has shown slight variation in the two different season. The magnitudes of 

variations was not significant except for EC, TDS, Cl-, SO2-
4 and HCO3

- having significant 

differences between summer and winter seasons at Siloam and Tshipise. These could be 

attributed to rainwater (Nelson, 2002) which causes more dissolution of cyclic salts; and connate 

salts in the Karoo strata of the Lebombo Group (Olivier et al., 2011) in the summer compared to 

winter season. Cl- and SO4
2-

 do not take part in typical biological or chemical reactions like other 

chemical constituents, they tend to concentrate in shallow groundwater over time (Nelson, 2002), 

hence they are high in both geothermal springs. The HCO3
- concentration was higher in winter 
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than in the summer season at both Siloam and Tshipise. This could be as a result of the less 

reaction between the HCO3
- and cations particularly Ca2+ and Mg2+ in winter compared to summer, 

hence making the water alkaline. 

Table 4.1 Hydro-chemical parameters of geothermal springs 

 Control 
W 

Control 
S 

Literature data (s) Tshipise 
W 

Tshipise 
S 

Siloam 
W 

Siloam 
S 

   Siloam Tshipise     

Field analysis         

pH 7.70 7.72 nd nd 8.51 8.68 8.77 8.87 

Elect. conduct. 
(µS/cm) 

nd nd nd nd 1721.30 1731.00 707.30 695.70 

TDS (mg/L) nd nd nd nd 1100.00 1110.00 453.00 445.00 

Lab. analysis         

pH  (6-9) 7.69 7.73 8.92;9.51 8.30;8.85 8.91 8.93 9.43 9.57 

pHs (pHs-pH±1) 8.40 8.60 8.50;9.23 8.70;8.94 8.34 8.60 8.64 8.70 

SAR (˂1*) 0.46 0.46 2.83;14.82 15.93;25.43 14.55 13.60 7.40 6.90 

Elect. conduct. 
(mS/m) (˂150) 

12.00 14.00 29.00;39.00 80.00;81.00 67.50 80.00 33.50 39.00 

TDS (mg/L) 
(˂450) 

71.00 74.00 157.93;197.32 422.1;460.56 428.40 467.49 188.40 214.00 

Alkalinity (mg/L) 58.00 60.00 nd nd 157.00 111.50 106.00 104.50 

Temp.Hard.(mg/L) 58.65 58.65 nd nd 28.00 31.81 19.37 23.08 

Cations (mg/L) 

Sodium (˂200) 8.10 8.10 41.36;66.24 140.19;156.31 167.70 165.91 73.44 73.46 

Potassium (˂50) 1.42 1.44 2.42;2.82 3.51;4.25 4.20 4.18 2.65 2.56 

Calcium (ns) 12.73 12.73 1.38;140 2.84;5.58 8.12 7.16 5.65 5.17 

Magnesium (ns) 6.39 6.39 0.08;1.30 0.01;0.17 1.18 2.57 1.09 2.30 

Anions (mg/L) 

Fluoride (1.5;1*) 0.11 0.11 6.08;6.11 5.08;5.63 6.72 7.28 6.66 5.97 

Nitrate (˂6*) 1.20 1.40 0.04;0.00 0.39;0.61 1.96 0.78 0.57 0.24 

Chloride (˂200) 4.93 4.93 43.44;44.35 158.60;168.97 97.04 161.17 24.65 48.01 

Sulphate (˂ 400) 1.16 1.20 10.44;10.69 47.58;53.17 44.46 56.85 9.03 13.09 

Phosphate (ns) 0.32 0.32 0.00;2.69 0.00;0.00 2.31 0.33 0.84 0.00 

Carbonate (ns) 0.00 0.00 0.00;14.40 nd 7.05 5.70 15.75 16.50 

Bicarbonate (ns) 71.96 72.00 nd nd 177.21 111.02 97.30 93.94 

ns = not stipulated, nd = not determined, W = winter, S = summer 
Literature data were obtained from Olivier et al., 2008; 2010 
Values in bracket: SABS (1999) and WHO (2000), *DWAF (1996) 
Values in bold indicate exceedance of SABS (1999) and WHO (2000) guideline values 
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A Piper diagram (Figure 4.3) was used to illustrate the chemical composition of the geothermal 

waters as well as the water type. The explanation of the piper diagram is based on that of Piper 

(1944) as demonstrated in Sajil Kumar (2013). The water type for the non-geothermal water 

(control site) is Ca-HCO3 at both seasons (Figure 4.3) which is dominated with Ca2+ and HCO-
3 

derived from the weathering of minerals in the bedrock, including calcite, the most easily 

weathered mineral in the aquifer. Ca-HCO3 waters represent recharge waters with short residence 

times (Lipfert et al., 2004). Ca-HCO3 water falls under temporary hard carbonate water (class C) 

according to Bond (1946) classification.  

 

Figure 4.3: Piper diagram showing the chemical composition of the geothermal water and control 

sample 

Figure 4.3 shows that the water type found in Siloam is Na-Cl which is dominated by Na+ and Cl-

, derived from NaCl brines in winter and summer seasons. There is no variation in the water type 

with season. The Ca2+ and HCO-
3 ions were also present, making the water type fall under class 
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C (temporary hard carbonate water) (Bond, 1946) as reported by Olivier et al. (2011). At Tshipise, 

Na-HCO3 and Ca-NaHCO3 represent the water type in winter and summer seasons, respectively. 

The Na-HCO3 water type is the most evolved of the waters and derives their Na
+ 

from cation 

exchange of Ca2+ for Na+ and K+ as well as dissolution of  rock mineral (plagioclase) (Lipfert et 

al., 2004). There was seasonal difference in the water type from Na-HCO3 in winter to Ca-NaHCO3 

in summer season. This could be due to the rainfall in the summer season which aids in 

dissolution of rock mineral (plagioclase) and strong interaction between Na+ and Ca2+ ion that 

leads to Ca-NaHCO3. These findings support the previous studies by Oliver et al. (2011) as the 

water also falls under class C (temporary hard carbonate water) (Bond, 1946). 

The chemical compositions of the geothermal springs have shown high F- and SAR at both 

springs; high pH-value at Siloam and high TDS value at Tshipise. These factors have made the 

geothermal spring water unfit for drinking, particularly because of its high flouride content and pH 

values. In addition, it is not suitable for irrigation, owing to its high SAR value. 

4.2.3 Trace elements concentrations in geothermal springs 

Table 4.2 shows the mean values for trace elements concentrations in the geothermal springs 

and the non-geothermal spring, which implies that geothermal water are highly mineralized owing 

to the geological composition as supported by Todd (1980). The table also compares the present 

findings with the previous work carried out by Olivier et al. (2011) in 2010 as well as the standard 

guidelines for drinking water by SABS (1999) and WHO (2000). 

According to the South African drinking water standards, the geothermal water contains 

unacceptably high values of Ni (868 µg/L; 462.11 µg/L) and Pb (652 µg/L; 211 µg/L) at Tshipise 

and Siloam, respectively, and high value of Hg in Tshipise during summer (Table 4.2). All the 

trace elements in the non-geothermal water fall within the SA and WHO water standards 

guidelines for drinking water, hence, making the non-geothermal water (control) suitable for 

usage. Trace elements concentrations in the control have remained practically the same or with 

little differences at both seasons. Comparison with previous study by Olivier et al. (2011) shows 

that there are differences in the concentrations of the trace elements, though the magnitude of 

the differences may not necessarily be much. This implies that there are reasonable differences 

in the trace elements concentrations of the springs over the last four years. These could be as a 

result of the anthropogenic factors. At each study site, there is a significant differences in the trace 

element concentrations in different seasons (ANOVA, P ˂ 0.1) but no significant differences at  
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P ˃ 0.05 (0.05 < P < 0.1). Siloam geothermal spring water was found to be more mineralised than 

Tshipise spring water and this could be as a result of the high water temperature in the spring. 

Table 4.2: Mean trace elements concentrations in the geothermal springs and control in winter    

       and summer seasons 

Date  Literature data 
(2010) 

2014 

 WHO;  SABS Siloam Tshipise Control 
W 

Control 
S 

Tshipise 
S 

Tshipise 
W 

Siloam 
S 

Siloam 
W 

Elements µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l µg/l 

Li  17.05 94.24 0.20 0.22 58.97 51.15 13.74 10.01 

Be  0.00 0.00 0.04 0.04 0.05 0.04 0.04 0.04 

B  57.91 200.60 1.01 1.01 31.23 18.27 4.83 0.03 

Ti  6.14 3.03 0.53 0.53 1.23 2.25 3.27 3.99 

V  2.30 1.81 0.96 1.00 0.15 0.03 3.20 2.63 

Cr 50; 100 0.97 0.70 0.03 0.03 0.41 0.06 0.03 0.06 

Mn 500; 100 0.75 0.00 1.72 1.74 7.20 0.63 1.34 0.19 

Co  0.05 0.10 0.16 0.16 9.65 0.01 0.18 0.01 

Ni 20; 150 0.00 37.19 2.62 2.64 868.00 0.05 462.11 0.63 

Cu 2000; 1000 0.00 0.00 0.21 0.21 45.39 0.51 0.13 0.24 

Zn 3000; 5000 3.46 2.48 50.70 58.70 348.00 0.17 342.00 0.12 

As 10; 10 0.27 0.14 0.09 0.13 0.41 0.06 0.33 0.11 

Se 10; 20 0.72 2.35 0.09 0.09 3.00 1.07 0.10 0.55 

Rb  nd nd 1.48 1.49 11.34 14.77 13.29 16.66 

Sr  20.35 213.30 35.23 44.47 213.50 211.33 8.73 11.33 

Mo  2.23 1.41 0.02 0.20 1.58 1.14 1.64 1.10 

Cd  0.00 0.02 0.06 0.10 23.19 0.20 0.24 0.02 

Sn  nd nd 0.37 0.37 2.09 0.09 2.23 0.09 

Sb 5; 5 0.00 0.02 0.01 0.01 0.71 0.01 0.02 0.01 

Te  0.02 0.00 0.01 0.05 0.13 0.03 0.00 0.09 

Cs  nd nd 0.03 0.05 13.69 1.26 0.47 0.54 

Ba  4.22 13.63 30.61 41.33 18.78 17.05 6.68 9.15 

La  nd 0.01 0.30 0.34 0.12 0.02 0.01 0.02 

W  0.45 4.19 0.05 0.07 4.42 2.73 0.87 1.27 

Pt  nd 0.01 0.01 0.03 0.10 0.01 0.02 0.01 

Hg 1; 1 0.53 0.33 0.02 0.02 1.78 0.25 0.64 0.04 

Tl  0.00 0.01 0.01 0.01 0.42 0.04 0.01 0.04 

Pb 10; 20 0.05 0.08 0.09 0.13 652.00 0.05 211.00 0.01 

Bi  0.00 0.00 0.01 0.01 0.10 0.01 0.03 0.01 

U  0.00 0.00 0.01 0.01 0.05 0.01 0.01 0.01 

Nd = not determined, W = winter, S = summer  

Literature data was obtained from Olivier et al. (2011) 

Figures in bold are above the recommended maximum value for human use (SABS (1999); WHO (2000)). 
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Figure 4.4 shows clearly that the trace element concentrations follow the same trend but vary in 

magnitude of concentrations. Also, there are more trace elements in summer compared to the 

winter season. This can be attributed to the rainfall in the summer. Rainfall aids in more 

dissociation of rock particles and the release of abundant trace elements. Elements like Li, Be, B, 

V, Cr, Mn, Co, Ni, Cu, Zn, As, Se, Sr, Mo, Cd, Sn, Sb, Te, Cs, Ba, La, W, Pt, Hg, Tl, Pb, Bi and U 

are higher in concentrations in the summer than in the winter season at least in one of the two 

springs.  Nevertheless, elements like Ti and Rb are higher in winter compared to summer. This 

might be as a result of their reactivity with water. 

Figure 4.4: Seasonal variation of the trace elements concentrations in Tshipise Spring 

At Siloam, there are significant variations in trace elements concentrations between winter and 

summer seasons (Figure 4.5). Also, there are more trace elements in summer than winter, similar 

to case of Tshipise spring. Elements like Li, B, V, Mn, Co, Ni, Zn, As, Mo, Cd, Sn, Sb, Pt, Hg, Pb 

and Bi, are higher in concentrations in summer compared to winter. However, Be, Ti, Cr, Cu, Se, 

Rb, Sr, Te, Cs, Ba, La, W and Tl are higher in concentrations in winter compared to summer while 

U remains constant in both seasons. Rb is denser than water and so sinks easily. Rb has a strong 

correlation with Be, Cs, Ba, La, Tl, Te, Cr, Cu, Se, Sr and Ti. This accounts for their higher 

concentrations in the winter compared to the summer season. 
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Figure 4.5: Seasonal variation of the trace elements concentrations in Siloam spring 

4.2.4 Seasonal comparison of trace elements concentrations in the geothermal spring 

water 

The mean trace elements concentrations in geothermal spring water in summer were mainly 

higher than in winter season (ANOVA p ˂  0.1, Tables 4.3A and 4.3B) for both Siloam and Tshipise 

springs. The statistical results imply that there were significant differences (P = 0.09) and (P = 

0.08) for Siloam and Tshipise, respectively. Since the P-values were higher than 0.05, there is no 

significant differences at 95% level of confidence. However, at 90% level of confidence, there 

were significant differences in the trace elements concentrations between summer and winter 

seasons for both study sites. 

The mean trace elements concentrations within the sites were in relatively good agreement during 

summer season and these account for seasonal variations in the concentrations of the trace 

elements in the geothermal water. As stated earlier, more rainfall in summer season enhances 

more rock- water interaction at the deep aquifer of the geothermal spring and more trace elements 

were released to the water body at the surface. Therefore, there are more trace elements in the 

geothermal water during summer than in the winter season. 
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Table 4.3: ANOVA for Siloam and Tshipise geothermal water 

A - Siloam 

Source of Variation SS df MS F P-value F critical 

Between Groups 17277.72 1.00 17277.72 2.97 0.09 4.01 

Within Groups 337395.50 58.00 5817.16    

 

Total 354673.21 59.00     

 

B - Tshipise 

Source of Variation SS df MS F P-value F critical 

Between Groups 66293.19 1.00 66293.19 3.15 0.08 4.01 

Within Groups 1218716.62 58.00 21012.36    

 

Total 1285009.81 59.00     

 

4.3 Factor analysis on the trace element concentrations on the neighbouring soils 

of geothermal springs 

Factor analysis carried out on the parameters analysed in water samples from both Siloam and 

Tshipise were subjected to factor analysis, and resulted in one factor. This only factor represents 

100% of the total variance and is characterized by high loading of Li, Be, B, Ti, V, Cr, Mn, Co, Ni, 

Cu, Zn, As, Se, Rb, Sr, Mo, Cd, Sn, Sb, Te, Cs, Ba, La, W, Pt, Hg, Tl, Pb, Bi, U, Na, K, Ca, Mg, 

F, NO₃, Cl, SO₄, PO₄, CO₃, HCO₃, pH, EC and Temperature. This factor is due to water-rock 

interaction resulting from the geothermal gradient at the deep aquifer. It also account for 

geochemical dissolution of rocks at high temperature of the water leading to more mineralisation, 

high pH (alkaline), electrical conductivity (EC) and total dissolved solids (TDS).  

Factor analysis carried out on the concentrations of the trace elements in the surface soils from 

both Siloam and Tshipise suggests two factors in both winter and summer (Table 4.4).  The first 

factor represents 91.78% of the total variance in winter season, with high loadings of Li, Be, Ti, 

V, Cr, Mn, Co, Ni, Cu, As, Se, Sr, Cs, La and Tl, and 76.37% of the total variance in summer with 

high loadings of Be, Ti, Cr, Mn, Co, Ni, Cu, Se, Sr, Ba, La, and Tl at Siloam soil. In Tshipise, the 

first factor represents 69.88% of the total variance in winter season with high loadings of Li, Be, 

B, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, As, Se, Rb, Sr, Mo, Cd, Sn, Ba, La and U, and 29% of total 

variance in summer season with high loading of Li, Be, B, V, Cr, Mn, Co, Ni, Cu, Se, Mo, Cd, Ba, 

La, Hg and Pb. This factor can be attributed to geothermal water-surface soil interaction in which 
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the soil absorbs trace elements resulting to their accumulation. Geothermal water is used for 

irrigation purposes at both sites and there is high tendency of the trace elements mobility to the 

soil surface. Geothermal spring water flows across the soil surface, resulting in a high tendency 

of the trace elements from springs to be trapped in the soil. 

Table 4.4: Factors derived from varimax R-mode factor analysis with Kaiser Normalisation         
       of the trace elements concentrations of soils at Siloam and Tshipise  

 Siloam  Tshipise 

 Winter Summer Winter Summer 

Elements Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 Factor 2 Factor 1 
Factor 

2 

Li 0.52 0.85 0.30 0.22 0.77 0.46 0.97 -0.09 

Be 0.87 0.49 0.68 0.09 0.53 0.45 0.55 0.12 

B 0.47 -0.34 -0.12 -0.62 0.81 0.55 0.67 0.74 

Ti 0.82 0.19 0.99 -0.04 0.80 0.60 0.43 0.90 

V 0.90 -0.34 0.20 -0.75 0.89 0.34 0.64 0.72 

Cr 0.95 -0.24 0.51 -0.76 0.76 0.62 0.59 0.68 

Mn 1.00 -0.02 0.97 -0.23 0.98 0.20 0.87 0.34 

Co 1.00 -0.06 0.93 -0.35 0.90 0.24 0.81 0.25 

Ni 0.97 0.04 0.96 -0.13 0.81 0.44 0.79 0.48 

Cu 0.99 -0.04 0.83 -0.49 0.98 0.19 0.86 0.42 

Zn -0.24 0.97 -0.07 1.00 0.84 -0.54 -0.70 0.71 

As 0.87 0.02 -0.75 0.14 0.88 0.38 0.22 0.91 

Se 0.86 -0.05 0.70 -0.56 0.70 0.44 0.71 0.54 

Rb 0.48 0.87 -0.10 0.80 0.81 0.50 0.49 0.77 

Sr 0.95 0.28 0.74 -0.12 0.63 0.38 0.35 -0.05 

Mo -0.55 0.69 -0.16 0.75 0.85 0.49 0.61 0.12 

Cd 0.14 0.94 -0.36 0.52 0.90 -0.04 0.76 0.41 

Sn 0.04 0.98 0.46 0.57 0.87 0.21 -0.04 -0.73 

Sb -0.74 0.33 -0.18 0.84 -0.81 -0.27 0.22 -0.74 

Cs 0.58 0.73 0.44 0.34 0.08 0.39 0.15 0.79 

Ba 0.34 0.93 0.89 0.25 0.77 0.51 0.62 0.23 

La 0.91 0.40 0.63 0.10 0.91 0.28 0.61 0.65 

W -0.86 0.35 0.19 0.71 0.00 -0.30 -0.11 -0.58 

Hg 0.37 -0.60 0.14 0.84 0.22 0.93 0.80 0.44 

Tl 0.98 -0.04 0.75 -0.25 0.16 0.63 -0.05 0.49 

Pb -0.45 0.85 -0.24 0.82 0.33 0.34 0.83 -0.03 

Bi -0.31 0.94 -0.20 0.80 0.44 0.65 -0.17 0.02 

U 0.12 -0.66 -0.42 -0.59 0.99 0.10 0.49 0.84 

Total Variance 91.78 7.03 76.37 22.12 69.88 26.99 29.00 70.48 

Note: In bold are high positive scores (≥0.50) 
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The second factor represents 7.03% of the total variance in winter with high loadings of Li, Zn, 

Rb, Mo, Cd, Sn, Cs, Ba, Pb and Bi, and 22.12% of the total variance in summer with high loadings 

of Zn, Rb, Mo, Cd, Sn, Sb, W, Hg, Pb and Bi at Siloam soil. In Tshipise, 26.99% of the total 

variance in winter with high loadings of B, Ti, Cr, Rb, Ba, Hg, Tl and Bi, and 70.48% of the total 

variance in summer with high loadings of B, Ti, V, Cr, Zn, As, Se, Rb, Cs, La and U. This factor 

is attributed to the soil pedogenesis and anthropogenic factors. Soil contains trace quantities of 

these elements based on its parent material and soil forming factors (soil pedogenesis) (Siegel, 

2002). Table 4.4 reflects the seasonal variation in the availability of the trace elements in the soil, 

that is, the total variance of the first factor decreases from 91% to 76.37% ; 69.88% to 29% (winter 

to summer) in Siloam and Tshipise, respectively.  

Total variance of the second factor increases from 7.03% to 22.12%; 26.99% to 70.48% (winter 

to summer) in Siloam and Tshipise, respectively. This variation can be attributed to rainfall in 

summer which promotes more reactivity and dissolution of parent rock (soil pedogenesis). During 

winter, geothermal water is solely used for irrigation in both sites and this accounts for high 

variance in the first factor while in summer, there is rainfall which serves as an alternative source 

of irrigation coupled with the geothermal water. This accounts for the increase in the total variance 

in the second factor for both sites. 

4.3.1 Soil pH, soil organic matter and soil water retention as Indicators 

Indicators such as soil pH, SOM and SWR (Figures 4.6A and 4.6B) could predict the availability 

of trace elements in the soil. SS1 - SS5 and ST1 - ST5 represent surface soil sampling points 

from 0-20 m away from geothermal spring at Siloam and Tshipise, respectively (Figure 3.3). This 

study shows that there is a good relationship between the indicators and trace elements in relation 

to the distance in such a way that the higher the soil pH, SOM and SWR of the soil, the higher 

the availability of these elements in the soil (Figures 4.6 and 4.7). Figures 4.6 A and B show 

clearly the decrease in indicator values with distance, which predicts the reduction in trace 

elements concentrations with distance. Studies of  Ma et al. (1997); Burt et al. (2003); Chen et al. 

(1999) and Tack et al. (1997) show that there is little correlation between total trace elements and 

indicators. This study’s findings are supported by studies by Adraino (2001) and Kabata-Pendias 

and Pendias (2001), which show that the trace elements attenuation capacity of soil increases 

with increasing pH, SOM and SWR. At 5 m away in Siloam (SS2), soil pH, SOM, SWR and trace 

elements concentrations are higher than at SS1 (distance closest to the source) (Figures 4.6A 

and 4.7). This can be attributed to the fact that the water from the geothermal spring continuously 
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runs from the source to distances of 5 m away and up to 10 m, and therefore could be 

accumulating trace elements and affect the indicators in both seasons (Figures 4.6A and 4.7).  

 

 

A – Siloam 

 

    B - Tshipise 

Figure 4.6: Effects of the indicators on the soil at Siloam and Tshipise 
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The washing of the slaughtered chicken and plucking of their feathers by the members of the 

community in the neighbourhood of the geothermal spring (Figure 4.8) also contribute to 

increased SOM and hence contribute to the availability of the trace elements. At Tshipise, 

reduction of the indicators with distance (figure 4.6B) would also account for the decrease in the 

trace elements concentrations in both seasons (Figure 4.7). The indicators play a relevant role in 

the seasonality of the trace element concentrations; there are more trace elements at the summer 

compared to winter season (Figure 4.7).  This shows clearly that is trace element availability is 

directly proportional to the presence of the indicator (pH, SOM and SWR).  

 

Figure 4.7: Mean concentrations of the trace elements in soil at different distances in the study 

areas  
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Figure 4.8: Chicken washing near the geothermal spring at Siloam 

Aside from sampling points SS2 and SS3 (Siloam), which have higher soil pH, SOM, SWR values 

than the closest sampling point SS1. Hence, there is more trace elements absorption at those 

points (SS2 and SS3) than point SS1. The SOM serves as a reservoir of nutrients, trace elements 

and water in the soil, aids in reducing compaction and surface crusting, and increases water 

infiltration into the soil. Organic matter has many negative charges due to the dissociation of 

organic acids, which have high affinity to adsorb metal cations and reduce their availability (Basta 

et al., 2005; Vangheluwe et al., 2005). The SWR ranging from 38.22% – 61.28% predicts the soil 

texture of both sites as clay and clay loam for Siloam and Tshipise. Although, clay is more 

dominant at Siloam. This also accounts for the adsorption and retention capacity of the trace 

elements in the soil. Soil pH shows that trace elements are readily available in alkaline medium 

(ranging from 7.64 – 6.58 and 7.68 – 7.33 at Siloam and Tshipise, respectively). That is, a 

deduction in acidity reduces the trace elements concentrations in the soil (Adamu et al., 2011). 

The number of negatively charged binding sites for cations is therefore dependent on the soil pH, 

which implies an increase in pH promotes the sorption of trace elements (Vanghelume et al., 

2005). 

Spring’s flow path 

Washed chicken at 5 – 10 m 

away from the spring 
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4.3.2 Chemical composition of the soil  

Table 4.5 shows the chemical composition of the surface soil at sites (Siloam, Tshipise and 

control) and the Piper diagram was used to depict the composition as well as the seasonal 

variation in the soil. The EC and TDS values were high at SS1 and ST1 (Siloam and Tshipise) 

indicating more dissolved solids at that point. Comparing EC and TDS values for sites SS1 and 

ST1 with the control for winter and summer, EC (1920 µS/cm > 1730 µS/cm; 2550 µS/cm > 1140 

µS/cm and 670 µS/cm ˃ 650 µS/cm ) and TDS (1240 mg/L > 1140 mg/L; 1630 mg/L > 729 mg/L 

and 424 mg/L ˃ 420 mg/L) for Siloam, Tshipise and control respectively, were higher in winter 

than in summer season and this could be as a result of leaching away of top soil during rainy 

season (summer) resulting in the loss of minerals to the water. This causes significant differences 

in the EC and TDS values between summer and winter as reflected in Table 4.5 particularly where 

the soil is uneven (slightly inclined in Tshipise). Comparing the EC and TDS values obtained from 

SS1 and ST1 with those of the control site having 670 and 650 µS/cm (EC) and 424 and 420 

mg/L (TDS) for winter and summer, respectively, show less values for the control site. This implies 

that there are more dissolved solids in the neighbouring soils of the geothermal springs compared 

to the soil from non-geothermal source. Since the EC values were less than 2 mmho/cm, the soil 

samples have low salt accumulation which will not affect plant growth (Tree Fruit research & 

Extension center, 2004).  

Generally, the EC and TDS values were not evenly distributed from SS1 – SS5 and ST1 – ST5 

at Siloam and Tshipise, respectively. EC and TDS values fluctuate with the distance away from 

spring showing non-uniform distribution of dissolved solids in the soil (Table 4.5). This implies that 

EC and TDS could not be used as indicators for availability of trace elements in the soil with 

distance. 

From Figures 4.9 and 4.10, the piper diagram predicts the major chemical composition of soil 

(Siloam, Tshipise and control) as Na-Cl in both winter and summer season at the closest point 

(SS1 and ST1 to the geothermal spring). Along the distance (SS1 – SS5 for Siloam; ST1 – ST5 

for Tshipise), the chemical composition changes to Ca-Cl in both sites due to cation exchange 

processes in the soil. The dominant cations are Na+ and Ca2+ reflecting the soil pedogenesis 

(basalt). The figures show clear change in the chemical composition of the surface soils from Na-

Cl to Ca-Cl along the distance away from the geothermal spring at both sites. Seasonal variation 

follows the same trend in both seasons at Siloam and Tshipise. However, higher concentrations 

of the composition were obtained in the winter than summer season. The chemical composition 
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at the control site was Na-Cl showing similarities with compositions at SS1 and ST1, hence falls 

under the Soutpansberg region (Salt pan mountains). 

Table 4.5: Chemical composition of soils at control site, Siloam and Tshipise  

  EC TDS  Ca Mg Na K SO4 F Cl NO3 HCO3 

SEASON 
Sample 

code µS/cm mg/L mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg 

WINTER 

SS1 1940.00 1240.00 172.47 29.02 239.4 22.4 205.24 1.24 257.49 25.39 4.40 

SS2 460.00 294.00 49.86 15.12 31.84 11.41 30.97 0.80 35.07 2.12 1.20 

SS3 430.00 275.00 44.37 16.18 25.47 5.39 38.24 0.69 46.23 0.39 1.30 

SS4 680.00 435.00 68.87 25.18 32.35 7.61 34.41 0.53 95.64 1.11 1.36 

SS5 780.00 499.00 121.01 31.75 27.34 10.63 33.84 0.52 96.19 0.53 4.63 

SUMMER 

SS1 1780.00 1140.00 15.29 11.80 170.06 10.24 171.87 3.16 379.53 151.1 1.95 

SS2 800.00 512.00 36.64 11.28 53.72 6.19 61.49 18.4 168.00 21.87 0.87 

SS3 590.00 377.00 31.74 13.44 19.19 6.81 68.75 2.19 94.67 18.45 1.76 

SS4 690.00 429.00 41.36 16.82 20.59 8.67 59.32 0.86 103.15 61.8 1.05 

SS5 1030.00 659.00 77.04 20.80 27.87 10.03 91.67 3.73 151.34 87.11 0.71 

WINTER 

ST1 2550.00 1630.00 111.11 61.53 423.87 28.48 159.61 0.73 216.68 32.86 3.44 

ST2 790.00 550.00 75.13 40.28 52.61 11.20 22.25 0.65 14.91 13.07 1.87 

ST3 510.00 326.00 37.94 22.33 60.74 8.12 18.8 0.65 25.14 6.61 1.10 

ST4 450.00 288.00 46.38 22.03 33.84 8.80 15.57 0.74 10.29 17.19 1.27 

ST5 500.00 320.00 52.55 22.79 37.74 15.66 16.34 0.64 11.63 18.97 1.98 

SUMMER 

ST1 1140.00 729.00 39.37 17.97 130.46 9.81 67.64 2.57 82.63 189.55 1.16 

ST2 470.00 301.00 15.29 12.67 13.43 7.83 15.5 0.76 31.55 134.07 0.99 

ST3 340.00 218.00 10.15 8.16 10.11 5.23 9.88 0.77 23.24 71.8 0.28 

ST4 320.00 205.00 13.54 6.33 9.75 6.23 7.06 0.84 11.51 53.64 0.26 

ST5 393.70 252.00 17.87 8.25 23.12 8.15 18.08 1.03 28.16 65.21 0.54 

CONTROL 
WSC 670.00 424.00 39.18 11.78 8.86 22.06 21.80 0.27 15.00 3.08 0.66 

 
SSC 650.00 420.00 39.10 11.70 6.90 21.70 21.76 0.21 14.80 3.08 0.64 

WSC = winter control, SSC = summer control 
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Figure 4.9: Piper diagram showing the chemical composition of Tshipise and control soils 

 

Figure 4.10: Piper diagram showing the chemical composition of Siloam and control soils  
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The concentrations of F- and NO3
- were not accounted for in the piper diagram. At Siloam soil, F- 

concentrations were high (0.84 – 18.4 ˃ 0.54 – 1.24 mg/Kg) particularly in summer compared to 

winter season. This could be attributed to elevated F- concentrations from the geothermal springs 

and more rainfall in summer season. F- concentrations at sampling points (SS2 & SS5) were 

higher (18.4 & 3.73 mg/Kg) than at sampling point SS1, particularly in winter, which slightly 

conforms to indicator’s prediction. At Tshipise, the F- concentrations were not evenly distributed 

and hence, do not conform to the indicators. The concentration of F- at the control site was less 

(0.27 mg/Kg for winter and 0.21 mg/Kg for summer) compared to any sampling points at Siloam 

and Tshipise soil for both seasons. This also emphasises on the effect of the geothermal spring’s 

water on their surrounding soil. 

The concentrations of NO3
- were not evenly distributed in the sampled points at both study sites, 

having the highest concentrations at point SS1 and ST1 (25.39; 151.1 and 32.86; 189.55 mg/Kg 

for winter and summer, respectively). Contrary to F- concentrations, the concentration of NO3
- 

were higher in summer than winter, owing to more dissolution from rainfall to aid the nitrification 

processes in the soil. Comparing with control site, the NO3
- concentrations at any sampled points 

from both sites were higher than the concentration at control site (3.08 mg/Kg) for both seasons.  

4.3.3 Trace element concentrations in soil 

Trace elements found in the surrounding soil close to the geothermal spring were as a result of 

the geothermal water and the soil pedogenesis. As explained earlier, geothermal water 

contaminates the soil with substantial quantity of trace elements absorbed as water flows and get 

utilised in the surroundings. Tables 4.6 and 4.7 show descriptive summary of trace elements 

concentrations at Siloam, Tshipise and control soils for both winter and summer season. Trace 

elements concentrations vary with distance away from the geothermal spring (Figures 4.11 and 

4.12). Indicator graph (Figure 4.6) also shows the same spatial variation. This implies there is a 

strong correlation between the indicators (Soil pH, SOM and SWR) and trace elements 

availability. However, trace elements concentrations depend greatly on the indicators for their 

availability and mobility in the soil. The trace elements concentrations at the control site shows 

little variation in winter and summer seasons, having mean trace elements concentrations values 

of 20.06 to 20.28 mg/Kg, respectively. 
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Table 4.6: Descriptive summary of trace elements concentrations at Siloam and control soils 

    Winter season                     Summer season 

 DNHPD, Control W Control S  SS1 SS2 SS3 SS4 SS5 SS1 SS2 SS3 SS4 SS5 

Elements 1991 mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg 

Li  3.56 3.60 4.63 4.88 3.92 2.92 2.80 11.14 11.29 9.26 8.31 9.54 

Be  0.85 0.09 0.60 0.74 0.66 0.52 0.46 0.79 0.89 0.72 0.72 0.72 

B  0.30 0.32 0.29 0.88 0.89 0.32 0.85 0.75 1.77 0.79 0.65 1.91 

Ti  90.40 90.40 89.96 222.04 127.32 95.98 90.42 1045.70 1291.25 1114.06 1076.04 897.67 

V  34.40 34.80 92.07 156.40 149.35 121.40 115.89 141.43 194.21 172.69 185.04 190.02 

Cr 80.00 54.00 58.46 46.70 83.53 80.55 62.09 54.80 72.48 111.63 97.64 97.69 96.22 

Mn  129.00 130.00 841.26 1445.00 1375.00 1052.00 733.72 978.10 1445.00 1239.00 1169.00 860.41 

Co 20.00 19.10 19.14 29.87 48.20 45.41 35.84 29.10 36.70 49.51 43.11 41.87 36.35 

Ni 50.00 25.03 25.08 35.80 82.86 77.10 40.18 32.84 49.07 67.30 53.28 49.93 41.73 

Cu 100.00 70.46 70.56 73.92 116.52 109.43 85.89 72.10 222.97 310.96 263.10 256.45 238.55 

Zn 185.00 50.19 50.23 225.08 123.93 52.82 40.59 74.87 364.77 107.32 80.70 165.47 86.50 

As 2.00 1.39 1.39 0.76 0.90 0.81 0.81 0.76 0.75 0.56 0.55 0.49 0.78 

Se  1.39 1.43 0.55 0.80 0.79 0.55 0.61 0.64 0.95 0.85 0.88 0.76 

Rb  16.39 16.43 16.07 16.43 11.86 5.76 5.43 19.49 7.72 6.54 5.64 6.18 

Sr  11.64 11.68 20.38 26.84 24.94 19.43 17.19 28.69 36.85 27.16 26.85 26.96 

Mo  0.12 0.16 0.18 0.16 0.16 0.15 0.17 0.11 0.07 0.08 0.07 0.07 

Cd 2.00 0.23 0.25 0.17 0.16 0.07 0.06 0.07 0.13 0.09 0.08 0.07 0.10 

Sn  0.20 0.26 0.17 0.14 0.07 0.05 0.07 0.29 0.23 0.22 0.16 0.12 

Sb  0.90 1.00 1.75 0.88 1.16 1.46 1.28 0.01 0.01 0.01 0.01 0.01 

Cs  0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.31 0.23 0.22 0.01 0.01 

Ba  0.40 0.48 0.41 0.36 0.31 0.25 0.20 208.98 241.92 191.36 202.05 170.76 

La  13.34 13.43 144.54 182.71 168.45 128.93 111.09 13.20 14.33 12.24 12.19 12.34 

W  0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.03 0.02 0.01 0.01 0.01 

Hg  0.03 0.05 0.04 0.08 0.12 0.06 0.10 0.06 0.05 0.03 0.05 0.04 

Tl  0.11 0.11 0.04 0.07 0.06 0.05 0.04 0.04 0.05 0.04 0.04 0.04 

Pb 56.00 21.40 21.42 138.44 10.75 8.92 10.30 13.48 84.18 7.30 7.33 8.38 12.71 

Bi  0.05 0.07 0.07 0.03 0.02 0.02 0.02 0.12 0.02 0.01 0.01 0.02 

U  0.20 0.38 0.10 0.12 0.12 0.11 0.13 0.10 0.11 0.10 0.10 0.12 

Count   28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 

Mean  20.06 20.28 63.00 90.19 80.01 60.92 45.53 117.18 139.34 128.61 121.73 96.09 

STDdev  35.57 32.90 162.66 273.09 258.80 198.11 139.13 267.34 356.81 306.70 294.12 230.19 

STD.Error  6.27 6.33 30.74 51.61 48.91 37.44 26.29 50.52 67.43 57.96 55.29 43.50 

W = winter, S = summer   
Bold data are above the guideline for maximum permissible trace elements concentrations in agricultural 
soils in South Africa (DNHPD, 1991) (mg/Kg) as well as the mean value. 
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Table 4.7: Descriptive summary of trace elements concentrations at Tshipise and control soils  

    Winter season Summer season 

 DNHPD, Control W Control S ST1 ST2 ST3 ST4 ST5 ST1 ST2 ST3 ST4 ST5 

Elements 1991 mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg 

Li  3.56 3.60 3.81 2.37 2.72 2.32 2.22 6.28 1.02 3.74 4.04 3.23 

Be  0.85 0.09 0.19 0.19 0.21 0.17 0.14 0.24 0.21 0.20 0.23 0.21 

B  0.30 0.32 3.03 1.94 1.31 0.59 0.54 3.77 1.59 1.71 0.61 0.55 

Ti  90.40 90.40 168.77 110.30 110.05 63.53 55.81 705.12 527.23 463.85 266.59 246.20 

V  34.40 34.80 17.54 16.20 14.14 12.98 9.89 23.32 17.18 16.80 15.85 13.14 

Cr 80.00 54.00 58.46 32.55 26.34 27.99 23.63 23.21 44.28 35.98 32.61 33.18 32.43 

Mn  129.00 130.00 174.94 143.36 131.05 133.97 101.74 178.46 105.40 116.74 121.18 112.90 

Co 20.00 19.10 19.14 3.98 3.75 3.53 3.35 2.53 3.22 2.11 2.20 2.57 2.17 

Ni 50.00 25.03 25.08 23.15 21.82 21.90 19.45 16.75 1.81 0.01 0.01 0.01 0.01 

Cu 100.00 70.46 70.56 11.39 8.82 7.85 8.07 5.26 19.34 8.79 10.29 10.22 9.18 

Zn 185.00 50.19 50.23 50.08 35.86 26.29 52.56 22.11 53.60 332.69 67.22 32.51 22.22 

As 2.00 1.39 1.39 0.65 0.56 0.56 0.48 0.35 0.56 0.53 0.45 0.45 0.42 

Se  1.39 1.43 0.43 0.22 0.37 0.25 0.17 0.44 0.23 0.20 0.24 0.18 

Rb  16.39 16.43 7.13 3.76 3.97 2.88 2.73 6.54 4.34 2.93 3.16 2.40 

Sr  11.64 11.68 57.73 69.31 52.11 43.24 33.57 51.79 34.89 27.11 56.81 31.87 

Mo  0.12 0.16 0.17 0.13 0.10 0.07 0.05 0.17 0.11 0.11 0.16 0.10 

Cd 2.00 0.23 0.25 0.06 0.06 0.04 0.05 0.03 0.07 0.04 0.05 0.03 0.05 

Sn  0.20 0.26 0.06 0.06 0.04 0.04 0.02 0.19 0.15 0.17 0.25 0.51 

Sb  0.90 1.00 1.21 1.10 1.65 1.74 2.19 0.01 0.00 0.01 0.01 0.03 

Cs  0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.49 0.39 0.01 0.01 0.16 

Ba  0.40 0.48 0.61 0.32 0.40 0.29 0.27 30.29 21.24 19.60 26.60 19.88 

La  13.34 13.43 34.37 28.84 29.65 27.09 19.19 9.30 5.99 7.59 5.85 2.86 

W  0.01 0.01 0.02 0.03 0.03 0.03 0.02 0.01 0.01 0.01 0.01 0.04 

Hg  0.03 0.05 0.07 0.04 0.07 0.01 0.04 0.12 0.02 0.02 0.03 0.02 

Tl  0.11 0.11 0.03 0.02 0.04 0.02 0.02 0.02 0.02 0.01 0.02 0.01 

Pb 56.00 21.40 21.42 3.07 2.49 3.58 2.82 2.33 2.26 1.33 1.50 1.60 1.89 

Bi  0.05 0.07 0.02 0.01 0.02 0.01 0.01 0.01 0.01 0.00 0.01 0.01 

U  0.20 0.38 0.18 0.11 0.09 0.11 0.05 0.11 0.08 0.07 0.06 0.04 

Count  28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 

Mean  20.06 20.28 21.26 17.07 15.71 14.28 10.76 40.78 39.34 27.69 20.80 17.95 

STDdev  35.57 32.90 45.38 34.98 32.34 29.09 22.10 134.99 115.44 89.13 54.49 50.03 

STD.Error  6.27 6.33 8.58 6.61 6.11 5.50 4.18 25.51 21.82 16.84 10.30 9.45 

 W = winter, S = summer  
Bold data are above the guideline for maximum permissible trace elements concentrations in agricultural 
soils in South Africa (DNHPD, 1991) (mg/Kg) as well as the mean value 
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As seen in Figure 4.6A, sampling points SS2 & SS3 (Siloam) have higher values for pH, SOM 

and SWR which also reflect on the mean trace elements concentrations at those points. The 

reason for this was explained earlier and hence more trace elements were obtained at that point 

(Figure 4.7).  Generally, mean trace elements concentrations decrease with distance (Figures 

4.11 and 4.12) as well as the indicators (Figures 4.6A and 4.6B). Figures 4.11 and 4.12 show 

clearly the effect of seasonal variation in the availability of the trace elements in the soil. The trace 

elements concentrations were higher in summer compared to winter (Figures 4.11 and 4.12) even 

though, the EC and TDS values were higher in winter compared to summer (Table 4.5). This 

implies that EC and TDS could only predict the presence of dissolved solids but they are not 

indicators to quantify the concentration of what available in a media. 

At Siloam, the mean trace elements concentrations is negatively weak correlated to the distance 

from the geothermal spring (R2 = 0.35; 0.34 for summer and winter seasons, respectively: P ˂ 

0.05) (Figure 4.11). At Tshipise on the other hand, the mean trace elements concentrations is 

negatively correlated (strong) to the distance away from the spring (R2 = 0.94; 0.96 for the summer 

and winter seasons, respectively: P ˂ 0.05) (Figure 4.12). This implies that the availability of trace 

elements decreases with the distance from the geothermal spring. That is, more trace elements 

should be available at SS1 and ST1 except for SS2 and SS3, which have more trace elements 

compared to the other points due to reasons explained earlier (Figures 4.7 and 4.8). 

Figure 4.11: Horizontal status of mean trace element concentrations at Siloam soil 
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Figure 4.12: Horizontal status of mean trace element concentrations at Tshipise soil 

Most of the trace elements show high positive correlation coefficient greater than 0.5, which 

implies that there is a strong correlation between the trace elements and the indicators (Table 

4.8). This strong relationship with the indicator could possibly result due to availability of the trace 

elements in the soil. Statistical analysis (Table 4.8) shows that most of the trace elements in soil 

(Siloam and Tshipise) are positively correlated with at least one of the indicators (soil pH, %SOM 

and %SWR) except for a few trace elements such as Sr, Sb, Cs at Tshipise and B, Hg, U at 

Siloam showing negative correlation. Although, B and Ba at Tshipise and Li, V, Cr, Sb and Mo at 

Siloam are less correlated to one of the indicators. De Haan (1993) and Siegel (2002) reported 

that there is no correlation between organic matter and the levels of trace elements in the soil, 

which this study has disapproved. However, these positive correlations between trace elements 

and soil properties called indicators (soil pH, %SOM and %SWR) may be an indication of their 

influence on trace elements dispersion and concentration in soils (Adamu et al., 2011). 
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Table 4.8: Pearson correlation matrix of the trace elements and the indicators at Siloam and       

       Tshipise soils 

Note: In bold are high positive scores (>0.50) at significance level alpha = 0.05 

 

Correlation matrix Tshipise  Siloam 

 Soil pH % SOM % SWR Soil pH % SOM % SWR 

Li 0.597 0.204 0.307 0.339 -0.039 -0.098 

Be 0.831 0.999 0.98 0.594 0.909 0.926 

B 0.415 -0.117 0.007 -0.501 -0.059 -0.044 

Ti 0.575 0.072 0.198 0.153 0.587 0.628 

V 0.785 0.993 0.958 -0.168 0.291 0.355 

Cr 0.888 0.986 0.975 -0.022 0.418 0.48 

Mn 0.803 0.995 0.966 0.27 0.644 0.701 

Co 0.773 0.991 0.954 0.188 0.595 0.653 

Ni 0.944 0.973 0.995 0.21 0.635 0.677 

Cu 0.79 0.994 0.961 0.191 0.605 0.66 

Zn 0.802 0.831 0.902 0.691 0.538 0.466 

As 0.989 0.822 0.906 0.139 0.533 0.598 

Se 0.92 0.899 0.934 0.002 0.465 0.496 

Rb 0.79 0.44 0.531 0.799 0.935 0.905 

Sr -0.176 -0.621 -0.505 0.44 0.81 0.842 

Mo 0.956 0.66 0.751 0.271 0.101 0.006 

Cd 0.922 0.716 0.828 0.7 0.735 0.693 

Sn 0.939 0.695 0.802 0.714 0.703 0.647 

Sb -0.801 -0.438 -0.568 0.358 -0.135 -0.189 

Cs -0.268 -0.56 -0.579 0.756 0.921 0.893 

Ba 0.125 -0.365 -0.248 0.939 0.932 0.897 

La 0.827 0.998 0.977 0.559 0.884 0.907 

W -0.32 -0.381 -0.293 -0.096 -0.356 -0.441 

Hg 0.866 0.836 0.813 -0.578 -0.254 -0.233 

Tl 0.896 0.916 0.922 0.156 0.577 0.639 

Pb 0.769 0.989 0.952 0.702 0.377 0.3 

Bi 0.856 0.693 0.74 0.77 0.516 0.444 

U 0.723 0.317 0.473 -0.859 -0.522 -0.498 

Soil pH 1 0.849 0.912 1 0.874 0.849 

% SOM 0.849 1 0.981 0.874 1 0.995 

% SWR 0.912 0.981 1 0.849 0.995 1 
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Seasonal variations at both sites at the closest distance to the geothermal spring (SS1 and ST1) 

(Figures 4.13 and 4.14) show how each trace element in the soil varies with the season. In 

summer, 71.43% of the total trace elements (Li, Be, B, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Se, Rb, Sr, 

Sn, Cs, Ba, W, Hg, Bi) were higher in concentrations than winter; 17.85% of the total trace 

elements (Mo,Cd, Sb, La, Pb) were higher in concentrations in winter than in summer while 

10.72% of the total trace elements (As, Tl, U) remained constant in concentrations in both seasons 

at Siloam (Figure 4.13). At Tshipise, 46.43% of the total trace elements (Li, Be, B, Ti, V, Cr, Cu, 

Zn, Cd, Sn, Cs, Ba, Hg) were higher in concentrations in summer than in winter; 42.86% of the 

total trace elements (Co, Ni, As, Sr, Rb, Sr, Sb, La, W, Tl, Pb, Bi, U) were higher in concentrations 

in winter than in summer and 10.71% (Mn, Se and Mo)  remained constant in concentrations 

during both seasons (Figure 4.14). 

The findings of the study were compared with South African Guidelines for maximum permissible 

trace element concentrations in agricultural soils, which are: 2 mg/Kg As, 20 mg/Kg Co, 80 mg/Kg 

Cr, 2mg/Kg Cd, 50 mg/Kg Ni, 56 mg/Kg Pb, 185 mg/Kg Zn and 100 mg/Kg Cu (DNHPD, 1991). 

Soils at Tshipise were within the maximum permissible trace element concentrations, owing to 

low level of trace elements from the geothermal spring as well as its utilisation resulting in less 

concentrations of the trace elements, as it is found at a resort. 

 

Figure 4.13: Seasonal variation in the trace element concentrations in Siloam soil 
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Figure 4.14: Seasonal variation in the trace element concentrations in Tshipise soil 

At Siloam, the trace element concentrations in soil were higher in Cr, Co, Ni, Cu, Zn and Pb, 

compared to South African maximum permissible limits for agricultural soils. These could be 

attributed to more trace element concentrations from the geothermal springs as well as higher 

utilisation of spring water on the soil, which leads to contamination. Comparison of the trace 

elements concentrations from both sites with the control site trace elements concentrations, 

shows that the neighbouring soils from the geothermal springs were partially or moderately 

contaminated with trace elements, which enter the human body via the food chain. 

4.3.4 Seasonal variation of trace element concentrations on the soils 

Statistically, Tables 4.9A and 4.9B show that there are significant differences in the trace elements 

concentrations in winter and summer (p ˂ 0.05). Each trace element differs (in row) in 

concentration during the two seasons which implies that seasonal variation plays an important 

role in the availability of trace elements. This also validates the finding that more concentrations 

of trace elements are available in the summer season compared to the winter season owing to 

the rainfall and anthropogenic factors, which leads to more decomposition of organic matter and 

dissolution of rocks. 
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Table 4.9: ANOVA for Siloam and Tshipise soils 

A - Siloam 

Source of Variation SS df MS F P-value F critical 

Rows 407988 27 15110.67 2.921806 0.003483 1.904823 

Columns 5334.621 1 5334.621 1.031505 0.318821 4.210008 

Error 139635.5 27 5171.687    

       

Total 552958.2 55     

 

B - Tshipise 

Source of Variation SS df MS F P-value F critical 

Rows 2164735 27 80175.38 4.515348 0.0001 1.904823 

Columns 41102.57 1 41102.57 2.314831 0.139772 4.210008 

Error 479417.1 27 17756.19    

       

Total 2685255 55     

 

4.4 Vegetation around the geothermal springs 

4.4.1 Chemical compositions of Acacia robusta and Mangifera indica  

The TDS values for Acacia robusta (44.8 ˂ 574 ppm in winter; 65.8 ˂ 720 ppm in summer) were 

higher in the leaves compared to the bark, which implies that there are more total dissolved solids 

in the leaves than the barks (Table 4.10). On the contrary, there are more essential minerals in 

the barks of the plants for both sites than the leaves. This is due to transpiration of the minerals 

from the root system via the bark to the leaves. The TDS values for Mangifera indica (214 > 179 

ppm for winter; 230 > 190 ppm for winter) were higher in the bark compared to the leaves, which 

implies more essential minerals in the bark than the leaves (Table 4.9). Comparing both seasons, 

TDS values were higher in Acacia robusta (65.8 > 44.8 ppm for bark; 720 > 572 ppm for leaves) 

and Mangifera indica (230 > 214 ppm for bark; 190 > 179 ppm for leaves) in summer compared 

to winter season. This could be as a result of higher rainfall which promotes the dissolution of 

minerals. Although, the TDS increases from winter to summer season, the mean essential 

minerals decrease (1175.72 – 864.39 mg/Kg barks and 1022 – 644.46 mg/Kg leaves of Acacia 

robusta; 1295.03 – 714.59 mg/Kg barks and 890.05 – 658.24 mg/Kg leaves of Magnifera indica). 

This implies that the TDS does not really predict the availability of essential minerals in plants as 

in the case of water and soil. However, it is possible that the essential minerals were utilised more 

in summer because it is prior to the fruit formation (Ojekunle et al., 2014). 
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Table 4.10: Essential chemical composition of Acacia robusta and Mangifera indica 

 
Acacia robusta   A. robusta control  Mangifera indica  M. indica control 

 Bark  Leaf Bark  Leaf Bark  Leaf Bark  Leaf Bark  Leaf Bark  Leaf Bark  Leaf Bark  Leaf 

EC (µS/cm) 70 900 103 1130 530 285 560 296 335 280 359 297 325 235 346 256 

TDS (mg/L) 44.8 574 65.8 720 339 182 208 150 214 179 230 190 358 189 221 164 

Ca (mg/Kg) 2243 3533 2240 1260 218 180 212 178 2327 1198 4020 1900 242 200 264 245 

Mg (mg/Kg) 197.1 274.8 231 246 16.7 23.9 19.2 23.54 358.13 159.1 231 202 76.6 8 84 13 

Na (mg/Kg) 7411.3 580.5 530 1206 238 1131 422 325 649 944.37 665 1206 291 413 369 443 

K (mg/Kg) 1344.7 70.93 49 2400 70.2 93.2 174 185 945.13 548.8 199 2400 41.6 50 87.9 96.3 

Al (mg/Kg) 688.4 1571 695 467 1949 1014 958 407 1653 493.97 1555 614 1224 817 1369 916 

Fe (mg/Kg) 439.5 895.6 5408 233 1441 696 854 759 1197 321.3 903 380 915 513 1016 621 

F (mg/Kg) 0.01 0.06 N.D N.D 1.2 1.79 1.8 1.5 N.D N.D N.D N.D 15.9 13.7 12.69 15.26 

Cl (mg/Kg) 160 931 1.37 46 11.8 30 15.2 23.1 330 750 1.11 4.67 0.04 0.07 1.02 3.02 

NO3 (mg/Kg) 163.3 N.D 0.32 0.09 357 305 224 211 N.D N.D 0.52 0.41 118 254 0.09 0.01 

NO2 (mg/Kg) 52.7 N.D 0.08 0.09 199 14.2 154 36.1 N.D 102 0.33 0.67 107 N.D 95 0.65 

SO4 (mg/Kg) 108 N.D 1.02 27.3 18.61 64.1 32.1 84 767 1732 0.53 4.91 756 348 865 421 

PO4 (mg/Kg) 113.6 942 1.83 10.05 596 343 621 345 3173 2209 0.59 10.25 1335 1229 1423 1320 

Mean (mg/Kg) 1175.7 1023 864.4 644.5 426.4 324.68 307.28 214.85 1295 890.05 714.6 658.24 426.85 349.6 465.6 341.19 
N.D - Not detected 
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Table 4.10 shows the summary of the essential minerals found. This is interpreted using a piper 

diagram to ascertain the dominant chemical components of the plant. The major chemical 

component of Mangifera indica is Ca-Cl2 for both winter and summer, respectively. The control 

has both leaves and barks dominated with Na-Cl and Ca-Cl2 for winter and summer respectively. 

From Figure 4.15, bark and leaves are dominated with Ca-Cl2 in summer and winter whereas the 

control bark has Ca-Cl2 and leaf with Na-Cl for both seasons. This can be attributed to the cation 

exchange process between Na and Ca which are the dominating cations as a result of basalt from 

the soil. The chemical composition of the bark changes from Ca-Cl2 to Na-Cl in leaf for both 

seasons. Other cations present are Al, Fe, K, Na and P, which is a metalloid needed for plant 

metabolism. Cl- and SO4
2- have a strong correlation (Durowoju et al., 2015) and other anions are 

PO4, NO3 and NO2 which are major ingredients of fertilizers. 

 

Figure 4.15: Piper diagram showing the chemical composition of Mangifera indica at Siloam 

and Riverside 
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The chemical composition of Acacia robusta is dominated by Ca-Cl2 and Na-Cl in leaves and Na-

Cl and Ca-Cl2 in bark for winter and summer, respectively (Figure 4.16). For control, Ca-Cl2 and 

Na-Cl in the bark for winter and summer, respectively, whereas Na-Cl in leaves for both season. 

The Ca-Cl2 concentration is higher in the winter compared to the summer due to the rainfall which 

enhances dilution and dissolution of minerals. From the geothermal spring water, Na-Cl is 

dominant at SS1 (Siloam) but there is ion-exchange with Ca2+ making the chemical composition 

Ca-Cl2. The Ca-Cl2 is then transferred to the surrounding vegetation via transpiration from the root 

system to other parts leading to the chemical composition of Mangifera indica becoming Ca-Cl. 

At Tshipise spring, the dominant composition of the water is Na-HCO3 and Ca-NaHCO3 in winter 

and summer, respectively. There is anion exchange of HCO3
- with Cl- , making the soil Na-Cl at 

ST1 (closest distance) to cation exchange along the distance resulting in formation of Ca-Cl2 

owing to the concentration of Ca2+ present. Ca-Cl2 was absorbed by the surrounding vegetation 

making Acacia robusta composition to be Ca-Cl2. 

 

Figure 4.16: Piper diagram showing the chemical composition of Acacia robusta at Tshipise and 

Riverside 
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4.4.2 Trace element concentrations in Acacia robusta and Mangifera indica  

Vegetation growing on soils with high concentrations of trace elements has a tendency of 

absorbing these elements through its root system and transporting them to other parts of the 

plant, including fruits (Otieno et al., 2005; Ojekunle et al., 2014). This study has shown that 

geothermal spring water contaminates the surrounding surface soil with trace elements. Since the 

plant depends on the soil for its nutrients, there is a high possibility of it absorbing and transmitting 

these trace elements. Table 4.11 provides a descriptive summary of the trace elements 

concentrations in the barks and leaves of Acacia robusta and Mangifera indica at Tshipise, Siloam 

and Riverside. 

Each of the trace elements’ concentrations were compared in each of the seasons. With the 

leaves of Acacia robusta, 19 elements from total elements showed higher concentrations in the 

summer than the winter, and these included: Be, B, Ti, V, Mn, Cu, Zn, As, Se, Rb, Sr, Mo, Sn, 

Ba, La, Tl, Hg, Bi and U. Whereas Li, Cr, Co, Ni, Cd, Pb and Sb had higher concentrations in 

winter compared to the summer season. However, Cs and W remained constant in concentrations 

in both seasons (Figure 4.17).  

 

Figure 4.17: Seasonal variation in the trace element concentrations in leaves of Acacia robusta 
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Table 4.11: Descriptive summary of trace element concentrations in Acacia robusta and Mangifera indica at Tshipise, Siloam            

and Riverside 
 

 Acacia robusta Control Mangifera indica Control 

 Winter Summer Winter Summer Winter Summer Winter Summer 

Elements Bark Leaf Bark Leaf Bark Leaf Bark Leaf Bark Leaf Bark Leaf Bark Leaf Bark Leaf 

 (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg) 

Li 0.18 2.50 0.83 1.29 0.93 0.65 1.52 0.62 0.07 0.06 0.59 0.23 0.54 0.99 1.59 3.21 

Be 0.01 0.00 0.08 0.01 0.16 0.35 0.18 0.20 0.01 0.00 0.03 0.01 0.01 0.23 0.06 0.56 

B 3.40 11.22 6.06 15.92 19.56 9.17 25.14 12.35 2.19 4.75 9.09 12.33 20.02 52.61 25.12 55.24 

Ti 11.79 3.20 98.78 4.30 8.80 4.87 32.56 7.89 5.91 2.12 41.57 7.12 63.17 33.12 60.14 59.12 

V 2.44 0.35 14.64 0.40 13.94 6.25 23.78 7.01 0.98 0.28 7.31 1.08 4.26 8.50 9.01 17.23 

Cr 1.41 1.13 5.10 0.76 9.96 9.82 13.95 5.26 0.87 0.93 2.06 1.14 7.67 8.09 10.28 15.32 

Mn 17.00 15.00 307.00 28.22 27.52 14.28 42.16 29.26 27.00 30.00 39.00 1445.00 4.55 32.48 10.12 25.26 

Co 0.27 0.24 3.84 0.15 4.76 6.03 6.72 4.83 0.34 0.08 0.48 0.14 3.01 1.41 7.98 3.26 

Ni 2.72 2.04 0.04 0.04 2.24 1.36 1.23 0.89 1.78 1.29 0.04 0.04 31.74 33.06 32.10 33.45 

Cu 2.47 2.04 22.94 7.73 3.06 2.61 6.86 7.93 2.60 4.09 7.32 128.11 24.04 35.42 32.12 46.12 

Zn 10.00 14.00 20.14 33.95 6.57 4.60 10.28 23.12 10.40 10.90 16.22 196.58 24.04 120.73 46.87 129.12 

As 0.09 0.05 0.34 0.25 0.31 2.61 0.67 0.54 0.03 0.04 0.37 0.35 0.34 1.65 0.79 2.14 

Se 0.13 0.15 0.13 0.17 1.12 3.30 0.89 1.89 0.11 0.11 0.09 0.27 1.22 2.24 5.56 5.01 

Rb 1.40 28.40 6.68 108.85 5.50 1.43 15.12 2.34 10.60 4.60 2.16 10.81 33.20 18.68 43.46 39.84 

Sr 249.00 119.00 95.95 137.81 25.41 25.04 12.49 13.64 48.00 22.00 563.32 74.80 57.58 39.92 84.01 70.59 

Mo 0.18 0.93 0.25 7.05 0.67 1.16 1.24 2.98 0.07 0.17 0.26 0.89 0.81 1.12 1.95 2.84 

Cd 0.25 0.15 0.03 0.02 0.55 0.45 0.19 0.14 0.01 0.01 0.02 0.03 0.84 0.02 1.23 0.02 

Sn 0.03 0.04 0.26 0.24 0.68 0.86 0.42 0.82 0.01 0.01 0.20 0.90 0.24 0.41 0.68 0.56 

Sb 0.02 0.07 0.01 0.01 0.45 0.46 0.03 0.05 0.01 0.01 0.02 0.01 0.13 0.16 0.26 0.32 

Cs 0.12 0.60 0.03 0.62 0.22 1.40 0.03 0.76 0.02 0.01 0.00 0.02 0.08 0.07 0.19 0.20 

Ba 27.00 15.00 58.39 15.34 25.45 10.27 29.25 11.85 22.00 14.00 57.33 31.50 16.05 28.34 21.58 35.21 

La 0.00 0.00 0.57 0.11 0.00 0.00 0.46 0.13 0.00 0.00 0.30 0.11 0.00 0.00 0.01 0.24 

W 0.02 0.02 0.02 0.02 0.23 0.52 0.12 0.42 0.01 0.01 0.02 0.14 0.19 0.25 0.34 0.78 

Hg 0.01 0.02 0.05 0.08 0.46 1.18 0.01 0.39 0.03 0.03 0.05 0.06 0.26 0.60 1.92 3.10 

Tl 0.00 0.01 0.02 0.01 0.43 0.31 0.02 0.01 0.03 0.00 0.01 0.01 0.07 0.05 0.14 1.20 

Pb 0.25 0.14 0.05 0.09 1.26 1.54 0.98 1.10 0.14 0.11 0.01 2.94 1.34 1.07 2.31 2.01 

Bi 0.01 0.00 0.01 0.01 0.14 0.42 0.01 0.01 0.00 0.00 0.01 0.01 0.07 0.10 0.05 0.12 

U 0.10 0.00 0.01 0.01 0.10 0.25 0.10 0.09 0.00 0.00 0.11 0.01 0.07 0.06 0.09 0.08 

Count 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 28.00 

Mean 11.80 7.73 22.94 12.98 5.91 4.09 8.33 5.03 4.76 3.42 26.71 70.90 10.93 15.57 14.75 20.33 

STDdev 46.90 22.85 61.81 32.60 8.72 5.62 12.09 7.42 10.81 7.30 106.17 278.34 17.67 26.45 21.87 30.60 

STD. Error 8.86 4.32 11.68 6.16 1.68 1.08 2.33 1.43 2.04 1.38 20.06 53.57 3.40 5.09 4.21 5.89 
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In the bark, 67.86% of the elements have higher concentrations in summer than in winter season, 

which is similar to the leaves. For the bark parts, the elements whose concentrations were higher 

in summer than winter included: Li, Be, B, Ti, V, Cr, Mn, Co, Cu, Zn, As, Rb, Mo, Sn, Ba, La, Hg, 

Tl and Bi. In winter, 25% of the elements (Ni, Sr, Cd, Sb, Cs, Pb and U) were present in higher 

concentrations than in summer, while 7.14% of the elements (Se and W) remained constant in 

both seasons (Figure 4.18). The higher concentrations in summer for both barks and leaves can 

be attributed to the rainfall and hot weather which aid the transpiration and evaporation processes 

from the root system. There is more dissolution of minerals and a higher decomposition rate of 

organic matter, which are likely to release trace elements into the soil for possible uptake by the 

surrounding vegetation (McGrath et al., 1994). More so, there is fruit formation in the summer, 

which could also be responsible for the higher concentrations of nutrients, including the trace 

elements from the soil. 

 

Figure 4.18: Seasonal variation in the trace element concentrations in barks of Acacia robusta 
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At Siloam (Mangifera indica) showed a similar behaviour like Acacia robusta (Tshipise) with 

78.57% of the elements from bark having higher concentrations in the summer compared to the 

winter season. These elements included Li, Be, B, Ti, V, Cr, Mn, Co, Cu, Zn, As, Sr, Mo, Cd, Sn, 

Sb, Ba, La, W, Hg, Bi and U. While 21.43% of the elements (Ni, Rb, Cs, Tl, Pb and Se) had higher 

concentrations in the winter than in summer (Figure 4.19). In the leaves, 92.86% of the elements 

had higher concentrations in the summer than winter. This implies that there were more elements 

in the leaves compared to the barks, which shows that there is rapid transpiration process from 

the root system to the leaves. The elements in the leaves included Li, Be, B, Ti, V, Cr, Mn, Co, 

Cu, Zn, As, Se, Rb, Sr, Mo, Cs, Cd, Sn, Ba, La, W, Hg, Tl, Pb, Bi and U. There was more Ni 

concentration in the leaves in winter than in summer and a constant concentration of Sb in both 

seasons (Figure 4.20). As stated earlier, there is fruit formation during summer, during which the 

absorbed trace elements will be utilised during the plant’s metabolism for fruit formation. Hence, 

there is more transpiration in the leaf part of Mangifera indica from the root system, enriching the 

leaf parts more, compared to the bark parts (McGrath et al., 1994). 

 

Figure 4.19: Seasonal variation in the trace element concentrations in barks of Mangifera            

           indica 
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Figure 4.20: Seasonal variation in the trace element concentrations in leaves of Mangifera  

          indica 

4.4.3 Seasonal variation of trace elements concentrations in Acacia robusta and 

Mangifera indica  
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absorbed more trace elements than the bark. There were more trace elements distribution in 

summer than in winter season as the control (Figure 4.21). 

Table 4.12a: ANOVA for Acacia robusta and Mangifera indica  

A - Acacia robusta (leaf and bark) 

Source of Variation SS df MS F P-value F critical 

Rows 117141.5 27 4338.573 3.984292 7.56E-07 1.623786 

Columns 3501.859 3 1167.286 1.071968 0.365712 2.717343 

Error 88202.48 81 1088.92    

       

Total 208845.8 111     

 
B - Mangifera indica (leaf and bark) 

Source of Variation SS df MS F P-value F crit 

Rows 668265.6 27 24750.58 1.207888 0.254771 1.623786 

Columns 77216.15 3 25738.72 1.256112 0.29503 2.717343 

Error 1659753 81 20490.78    

       

Total 2405235 111     

 

 

Figure 4.21: Summarised comparison of the mean trace element concentrations of Acacia     

          robusta, Mangifera indica and their controls 
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4.4.4 Percentage uptake of the trace elements in Acacia robusta and Mangifera indica  

This study accounts for the uptake of the trace elements in Mangifera indica and Acacia robusta’s 

barks and leaves in Siloam and Tshipise. Various plants have been used as bioindicators to 

assess the impact of pollution sources on the vicinity due to high metal accumulation in plants 

(Onder and Dursun, 2006). The percentage uptake of the trace elements in the barks and leaves 

of the plant were calculated using the formula by Lawal et al. (2011): 

% Conc. of uptake = Conc. of plant’s part ÷ (Conc. of plant’s part + Conc. of soil) × 100 

The percentage mean trace elements uptake by Mangifera indica and Acacia robusta were (10 – 

16) %; (9 -17) % and (13 – 19) %; (39 – 64) % for winter and summer seasons, respectively 

(Figure 4.22). The determination of the percentage uptake ensured the level of bioaccumulation 

of these trace elements by each tree. Acacia robusta could be used as a bioindicator to access 

the level of contamination of trace elements in the soil since its uptake capacity is high irrespective 

of season. However, the study by Ojekunle et al. (2014) showed that Mangifera indica has a high 

uptake capability for some selected heavy metals, which this present study cannot justify. This 

could be as a result of the broader scope from this study considering about 28 trace elements 

collectively rather than selecting few elements to evaluate their % uptake individually. 

 

Figure 4.22: Percentage uptake concentrations of the mean trace elements by Acacia robusta    

          and Mangifera indica 
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It is difficult to make a conclusive comparison based on the percentage uptake from the two plants 

because they are growing in different soils with different levels of contamination. As established 

earlier, the Siloam soils are more contaminated than Tshipise soils, but Acacia robusta has been 

shown to be more efficient in the uptake of trace elements (particularly during summer season). 

Nevertheless, we can deduce that for economic importance and uptake or phytoremediation, it 

would be better to plant Acacia robusta with a steady rate of uptake than Mangifera indica in order 

to reduce the toxicity of these trace elements. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Preamble 

This chapter summarises the outputs of the study on the impacts of trace elements concentrations 

from the geothermal springs to the neighbouring soil and vegetation. It presents the potential of 

the geothermal springs to enrich the soil and vegetation with toxic trace elements, which could 

possibly lead to contamination. The general aim of this study was to investigate the trace element 

concentrations from the geothermal springs and their impacts on neighbouring soil and vegetation 

as well as seasonal variations at Siloam and Tshipise springs. In addition, the study incorporated 

the non-geothermal water, neighbouring soil and vegetation as a control to validate its findings. 

 

5.2 Conclusion 

The results from these findings show that the majority of the parameters analysed in the 

geothermal springs (Siloam and Tshipise) area are reflection of the underlying geology in which 

the spring originates. In Siloam and Tshipise, some analysed parameters such as fluoride, nickel 

and lead have higher concentrations compared to the water quality standards. Meanwhile the pH-

value at Siloam and mercury level in Tshipise were high. From the neighbouring soil and 

vegetation samples were analysed to quantify the impacts of the geothermal springs.  

From the piper diagrams, the chemical composition of the geothermal water at Siloam is Na-Cl 

for both seasons; Na-Cl to Ca-Cl2 in soil for winter and summer; Ca-Cl2 to Na-Cl in Mangifera 

indica (bark and leaves) for both season. Tshipise geothermal water has chemical composition of 

NaHCO3 to Ca-NaHCO3 for winter and summer; Na-Cl to Ca-Cl2 in soil for winter and summer; 

Ca-Cl2 and Na-Cl cumulatively in Acacia robusta (bark and leaves) for winter and summer season. 

With respect to the compositional structures from the geothermal spring water, soil and 

vegetation, it can therefore be deduced that geothermal springs have great influences on the 

compositions of their neighbouring soils and vegetation. 

Factor analyses on trace elements concentrations in the soil samples from both sites also 

predicted two possible factors. The first factor is attributed to the geothermal water (rock-water 

interaction at the deep aquifer reflecting the geology of the springs) while the second factor can 

be attributed to the parent soil formation; that is, soil pedogenesis. Trace elements concentrations 

from the geothermal springs (Siloam and Tshipise) enrich their surface soils to the point of 
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contamination, leading to the neighbouring vegetation absorbing these trace elements from the 

soil via transpiration. The mean trace elements concentrations decrease with the indicators (soil 

pH, SWR, SOM) as we move further away from the geothermal spring. This implies that there is 

strong correlation between the trace elements concentrations and indicators. This also predicts 

the impacts of the trace elements (horizontal) status in the surface soil as well as the 

contamination level. 

However, no matter how low the level of trace elements in the environment are, their presence is 

not desirable because of bioaccumulation. The challenge is to determine the minimum amount of 

each source of contamination that will result in the accumulation of these trace elements in soils 

beyond acceptable limits. High levels of Cr, Co, Ni, Cu, Zn and Pb in the soil samples may be 

linked largely to the geothermal water as well as the parent materials of the soil at Siloam, thereby, 

making their absorption by vegetation (Mangifera indica) inevitable. The soils at Tshipise are 

moderately concentrated with trace elements, which can be attributed to the moderate 

concentrations of the trace elements in the geothermal spring water. 

Seasonal variation was observed in the parameters analysed in the geothermal spring water, 

neighbouring soil and vegetation to ascertain the most favourable season in terms of the trace 

elements availability in the ecosystem.  Trace elements concentrations in the geothermal springs 

were higher during summer than winter; this led to more contamination of their soils and 

vegetation during summer. Siloam spring water is more mineralised than the Tshipise spring 

water, hence there are high levels of trace elements in the water, soil and vegetation at Siloam. 

This study has shown that the geothermal spring has great potential to enrich the soil and 

vegetation with trace elements, which could result in contamination. It can thus be concluded that 

a geothermal spring; despite its benefits to humans also contaminates the soil with toxic trace 

elements. Soil is the platform for vegetation growth and when the soil is contaminated, there is 

high possibility that the neighbouring vegetation will absorb these toxic elements which, in-turn, 

will affect human beings adversely.  

5.3 Recommendation 

Proper education should be given to the communities at Siloam and Tshipise to caution on the 

usage of geothermal spring water for domestic and agricultural uses. However, it is further 

recommended that proper care should be taken with exposure and utilisation of the geothermal 

spring water at Siloam and Tshipise. Long-term ingestion of this water could possibly pose a great 
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health risk for the consumers because some of the parameters analysed exceeded the South 

African water quality standards. Among the parameters of concern are fluoride, nickel, lead and 

mercury levels. It is therefore recommended that the geothermal spring waters at Siloam and 

Tshipise are monitored on a regular basis, particularly their utilisation. The planting of Acacia 

robusta is more advantageous since its uptake ability is higher than Mangifera indica. 

Further studies are needed in order to assess more accurately the impacts of these trace 

elements’ intake by plants and animals around the localities.  
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Appendix 1: showing the lowest, medium and highest mass number for all the element analysed 

from ICP-MS (Agilent 7700) 
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