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ABSTRACT
The study was conducted to assess the impact of mining activities on selected soil
physical, chemical and microbial properties on farmlands around three selected
mining sites. Nine soil samples were collected from each of the following farms :
Hans Merensky, Mogoboya and Leon Tom, Foskor Mine and JCI mining sites,
respectively. Additional nine soil samples were collected

from non-polluted

Waterbok farm that serves as a control for the purpose of comparison. The samples
were taken at 0–15, 15–30, 30–45 cm depths at three sampling points on each farm
for physical, chemical and biological studies. However, soil samples collected for
microbial (fungi, bacteria and actinomycetes) counts were surface (0–15 cm) soil
samples. Soil chemical properties determined include pH w , electrical conductivity
(EC e ), exchangeable acidity (EA), organic carbon, available phosphorous,
exchangeable cations as well as heavy metal (i.e. Mn, Zn, Cu, Pb, Cd, As and Sb)
concentrations. The physical parameters determined include texture (sand, silt and
clay) as well as bulk density.
Soil pH w and EC e values decreased with depth; and ranged from 6.94 to 6.50 and
from 12.24 to 10.76 mS cm-1, respectively. Exchangeable acidity showed a gradual
increase with depth and ranged from 0.72 to 0.80 cmol(+)(kg), while percent organic
carbon decreased with depth ranging from 1.41 to 2.19 %. Exchangeable cations,
particularly K and Mg increased with depth while Ca decreased marginally with soil
depth. Available phosphorous content decreased following increases in distance
from the pollution source while heavy met.al contamination decreased with soil depth
but increased further away from the pollution source. Significantly high loads of Pb,
As and Sb were recorded at all depths on the three farms around the mining sites,
which were largely responsible for the pollution but worse on the Leon Tom farm;
with Pb constituting the greatest pollutant. The concentration of extractable heavy
metals in the studied areas was in the order: As >Sb>Pb>Zn>Cu >Mn >Cd.
Cadmium level appeared generally very low in all samples while elevated levels of
Mn, Cu and Zn were detected at all depths in the polluted soils.
Significant differences in microbial levels were detected at the various sampling
points. The highest count of 3.82 and 6.20 CFU g-1 for fungi and actinomycete,
respectively were both from the Leon Tom farm, while 6.46 CFU g-1 counts for
v

bacteria was obtained from Mogoboya farm. Interestingly, fungal and actinomycetes
activities were more sensitive to heavy metal contamination than bacteria that were
significantly increased following soil pollution.
Keywords: Mining; heavy metals; soil microbes; soil fertility; soil pollution
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CHAPTER 1
INTRODUCTION
1.1

Background information to the study

Limpopo is one of the country’s provinces with enormous mineral reserves that are
currently being heavily mined. Apart from the socioeconomic benefits of mining, the
activity often poses serious threats to natural resources and impact negatively on
human livelihood. The discovery of more mineral reserves in other parts of the
province points to the fact that increased hazardous by-products will continue to be
produced following increase in mining activities. The study is crucial to providing
detailed information on the extent of soil pollution arising from mining activities in the
area so as to provide guidance on possible potential remediation and reclamation
strategies necessary for the revitalization and improvement of agricultural
productivity on such polluted soils. A better understanding of mine polluted soil
through detailed characterization will provide guidance to the development of
appropriate management strategies for sustainable agricultural production. The
findings from this study will thus help land-use planners, farm managers, farmers
and other stakeholders have access to better manage soil resources and reverse the
current trend of increasing the cultivation of marginal lands through the conversion of
unproductive land into potentially suitable agricultural lands. Ultimately, local
availability of diverse foods would be guaranteed in many homes.
1.2

Problem statement

Farming communities across the country are presently experiencing considerable
low crop yields due to among other reasons, a significant loss in soil quality and
productivity arising from pollution (Schlüter, 1993; Yin et al., 1996).

Agricultural

activities around mining areas globally, are severely under threat due to pollution of
the environment, which impact negatively on soil, crop and animal health (Chow and
Hong, 2002). Farmlands around the three mining industries in the Phalaborwa
municipality are not shielded from these pollution threat that are often generated
from tailing dams, rock dumps and dusts around mining sites. Thus, the potential
arable lands in such mining communities have decreased at an increasing rate while
the cultivation of marginal lands has also grown steadily (Golder Associates, 2009).
Hence, food production efforts are negatively affected through loss in soil quality and
1

land degradation. Similarly, farmers’ profit margin and other natural resource quality
are negatively affected; and consequently lead to a serious compromise on food
security efforts in many rural mining communities. These could potentially escalate
the social crises that existed in numerous mining towns and villages.
1.3

Motivation of the study

The recent increase in the cultivation of marginal lands in many parts of the country
due to the rising pressure on available land to meet the ever increasing food demand
is responsible for the escalating problem of low productivity on most farmlands. This
has serious negative consequences on the food security situation in the country.
Providing detailed information regarding mining pollution is critical so as to alert
farming communities around the mining sites about the pollution build up in the key
natural resources of agricultural importance such as soil, water and air that have
serious implication on human and animal health.
1.4

Purpose of the study

1.4.1 Aim
The aim of this study is to assess selected physical and chemical characteristics as
well as microbial properties of mine polluted soils around the three Mining sites in
Phalaborwa so as to ascertain the chemical elements responsible for the pollution.
1.4.2 Objectives
The objectives of this study include among others:
i. To quantify the distribution of mine pollutants in the field and at different soil depths
in selected farming communities within the three mining sites in Phalaborwa area
ii. To assess the impact of mining activities on selected soil physical, chemical and
microbial properties at different soil depths
1.5

Hypotheses

The hypotheses for the study include the following:
i. Mine pollutants are uniformly distributed in the field and at different soil depths in
farms around the three mining sites
ii. The different mine pollutants have no effect on any of the soil physical, chemical
and microbial properties in terms of spatial distribution (i.e. horizontal and vertical).

2

CHAPTER 2
LITERATURE REVIEW
2.1 Limpopo Province as a mining Province
Limpopo Province is one of the country’s provinces with a large number of mining
industries due to the presence of numerous minerals. Phalaborwa area is renowned
for its mining activities for such minerals as copper, phosphate, antimony and gold
production among others. Phalaborwa Mining Company, a member of Rio Tinto
Group, quarries copper bearing mineral ore in the area, which is a highly valued
commodity in the metal industries for its wide application. Foskor Company on the
other hand excavates phosphate ore and beneficiates the mineral ore into granular
phosphate based fertilizer while JCI Mining Company mines antimony and gold
bearing ores, which have a long standing application history in the automobile
industries. According to 2008 economic data baseline survey report, the Mining
industries contribute approximately 60% of the Municipal district GDP (BaPhalaborwa Municipality Draft IDP document 2012/17). The figures contained in the
Municipality Annual Report 2009/10 integrated development plan (IDP) showed that
the mining sector alone in the Phalaborwa area employs 5, 949 people (Foskor,
2010).
2.2 Impact of mining activities on soil and the environment
Beside the socioeconomic benefits of mining, the activity poses huge threats to
natural resources such as soil, water, air as well as aquatic and terrestrial animals
including humans. Water and wind seepages from mines and mine tailings pollute
natural resources while damages by mining products such as pyrite (iron sulphite
mineral) occur when it oxidizes through bacterial action upon exposure into sulphuric
acid and leads to the production of acid mine, which constitutes a hazardous product
to the soil and the environment (Pierzynski et al., 2005). The discovery of more
mineral reserves in other parts of the province will lead to an intensification of mining
activities in the near future and result in continuous production of similar or other byproducts that are hazardous to the soil. Most of by-products particularly heavy
metals, are toxic to living organisms primarily due to their protein-binding capacity
and hence ability to inhibit enzymes (Renella et al., 2003). The nature and degree of
inhibition of soil enzymes by metals is strongly related to soil (Perez-de-Mora et al.,
3

20.06). Metals have a varying impact on soil enzyme activity depending not only on
their total concentration in the soil but also on their capacity to interact with enzyme
protein (Schlüter, 1993).
Strip or surface mining of coal can completely eliminate existing vegetation, destroys
genetic soil profile, displaces or destroys wildlife and habitat, degrades air quality,
alters current land uses, and to some extent permanently change the general
topography of the area mined (Rule and Iwashchenko,1998). The community of
microorganisms and nutrient cycling processes are upset by the movement, storage,
and redistribution of soil (Biester et al., 2002). Generally, soil disturbance alters or
destroys many natural soil characteristics, and may reduce its productivity for
agriculture or biodiversity (Schlüter, 1993). Strip mining of coal leads to exposure of
nearby streams to the dangers of acidification with sulfuric acid thereby causing
subsoil infertility and stream pollution, which could lead to the killing of fish, plants
and aquatic animals that are sensitive to drastic pH shifts (Boominathan and Doran,
2003).
Elevated concentrations of mining pollutants of heavy metals in soils have been
reported to produce adverse effects on microorganisms and microbial processes
(Biester et al., 2002). Among soil microorganisms, mycorrhizal fungi are the only
ones providing a direct link between soil and roots, and can therefore be of great
importance in heavy metal availability and toxicity to plants (Schlüter, 1993). An
understanding of the various aspects of interaction between heavy metals and
mycorrhizal fungi is therefore crucial particularly in soils with different kinds and
levels of metal pollution. Such interactions include the effects of heavy metals on the
occurrence of mycorrhizal fungi, heavy metal tolerance of these microorganisms,
and their effect on the metal uptake and transfer of plants (Schlüter, 1993; Leyval et
al., 1997). However, limited study of the mechanisms involved in metal tolerance,
uptake and accumulation by mycorrhizal hyphae and endo- or ecto-mycorrhizae
have been documented (Leyval et al., 1997).
Homeostatic potentialities of microbial communities in soils contaminated with heavy
m.etals have been studied

(Alloway, 1995). An estimate of the effect of

contaminants on soil microflora was proposed using indices that characterize
homeostasis of microbial communities. These indices include microorganisms
4

survivability in contaminated soil and the period of restoration of their number as well
as sensitivity to certain contaminants. In a modelled experiment on dark-grey
podzolized soil conducted by Biester et al. (2002), it was reported that contamination
of soil with heavy metals such as Cu2+, Cd2+, Sr2+, Pb2+, Hg2+ in doses of 2 and 4 of
the maximum permissible concentrations provoked a short-term inhibition of
microorganism development after which their number restores. The results further
revealed that the introduction of a mixture of metals in soil evokes more intensive
inhibition and extends the period of microorganisms number restoration as compared
with the effect of certain metals in the same doses.
2.3 Effect of mine pollution on agricultural productivity
Carbon monoxide and sulphur dioxide are presently the most pervasive mine
pollutants affecting agricultural production (Chow and Hong, 2002). They exert major
negative impact on the growth and productivity of sensitive cultivated and native
species of plants as well as crops (Aragon and Rud, 2013) through nutrients and
moisture stress (Barcelo et al., 1990; Arsova; Raychev, 2001; Frietas et al., 2004)
and damaged plant structures (Fernandes and Henriques, 1991;

Levesque and

King, 1999). Pollutants also exert serious national problems on humans as labour
sources around urban and rural farming centres where agricultural industry plays a
dominant role in the life of communities (Aragon and Rud, 2013). Major losses of
animal fed on pastures exposed to mine pollutants by livestock farmers have been
reported for decades in the eastern Australia due to high levels of potentially toxic
hazardous heavy metal pollutants such as arsenic (As), lead (Pb), cadmium (Cd)
and mercury (Hg) found in the food chain (Chow and Hong, 2002). Mine pollutants
destroy many natural soil characteristics, and may reduce its agricultural productivity
(Yin et al., 1996; Frietas et al., 2004). A diverse population of small and large forms
of soil lives responsible for decomposition of plant and animal residues and nutrient
cycling processes are upset by high concentration of pollutants (Yin et al., 1996);
and hence impairs natural nutrient cycling processes as well as the yields of
agricultural produce (Loredo et al., 1988).
2.4 Spatial distribution of mine pollutants in soil
Yang and Wang (1998) investigated the origin, distribution and migration of Hg and
other heavy metals contained in ores, waste tailings and slag in three typical soil
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profiles (far from mine entrance, near mine entrance and profile under slag) in
Chatian mercury mining deposit (CMD), western Hunan Province of China. Their
results revealed that Hg was enriched at the bottom of the soil profile far from mine
entrance but accumulated on the surface of soil profiles near mine entrance under
slag. The soil profiles near mine entrance under slag are both contaminated by Hg
with the latter being most heavily contaminated. Their results revealed 640 µg/g Hg
concentration in the surface soil in profile under slag with an average of 76.74 +
17.71 µg/g concentration in the profile at a leaching depth of more than 100 cm. The
mercury concentration of 6.5 µg/g with an average of 2.74 + 1.90 µg/g concentration
were found in the soil profile at 40 cm near mine entrance. Hence, their study
concluded that soils in the mercury mine area was polluted by Hg, Cd, As, Pb and Zn
with the mobility of heavy metals in soil in the order of Hg > Cd > As > Zn ≈ Pb.
Hence, Alloway (1995) revealed that the leaching depth of heavy metals in soil is
influenced by the total concentration in the surface soil and soil physico-chemical
parameters.
2.5 Relevance of physico-chemical and mineralogical characterization of soil
The relevance of physico-chemical and mineralogical characterization of soils in crop
production includes the development of the concept of soil quality (Loredo et al.,
2004). It explores the use of soil chemical, physical and mineralogical properties as
determinants of agricultural soil quality; presents challenges and opportunities for
soil scientists, agronomists and farmers to play relevant roles in the assessment and
advancement of sustainable crop production through implementation of relevant
s.cientific approaches in a remediation effort (Burger and Kelting, 1998).
The need for assessing soil properties is necessitated by the growing population and
agricultural research communities’ interest in determining the consequences of
management practices on soil as a medium for crop production, sustainability of
agricultural production and food processing industries (Biester et al., 2002). The
concept of physico-chemical and mineralogical characterization of soils includes
assessment of soil properties and processes as they relate to ability of soil to
function effectively and as an important component of a healthy ecosystem (Arshad
and Coen, 1992). Soil physical and chemical characterization entails the
quantification of such factors as organic matter content, nutrient supplying capacity,
6

acidity, bulk density, porosity, available water holding capacity and many others.
However, their distribution often differs significantly across spatial and temporal
scales (Loredo et al., 1988). Any of these soil properties may be simultaneously
relevant to several soil functions and will have varying levels of influence that can be
weighted accordingly in soil quality index models (Letey, 1985).
2.6 Indicators of environmental pollution in the study area
Due to mining operations in Phalaborwa areas, huge varieties of invasive weed and
plant species have established themselves around the mining sites as well as on the
farmlands (Table 1; Figure 1). Some of these species include Lantana camara
(Lantana); Tecoma stans (Yellow bell/Geelklokkie); Ricinus communis (Castor oil);
Xanthium

strumarium

(Large

Cocklebur);

Chromolaena

odorata

(Triffid

weed/Paraffienbos) and Opuntia sp. (round leaved-prickly pear). These invasive
weeds and plants are actively controlled by a joint venture of mining companies,
Department of Water and Forestry and Sanparks (Golder Associates, 2009).
Pollution impact is not only around the immediate mining sites, but also further down
in the rivers. A high mortality of catfish, crocodiles and crabs has been recorded in
recent years around the Olifants and Selati Rivers in Kruger National Park (Golder
Associates, 2010). High levels of copper sulphate and other geochemically
associated minerals that are highly toxic to aquatic species and sometimes terrestrial
ecosystem had been recently reported after an environmental impact assessment
(EIA) study (Golder Associates, 2009). Earlier study revealed high concentrations of
dissolved copper sulphate (CuSO 4 ) and other metals in rivers and dams at six water
quality monitoring stations and much higher sulphate values were in Kruger National
Park site (Golder Associates (2009). The study further attributed the most likely
source of the elevated sulphate levels observed at the park to the Selati River and
more specifically, copper and other mining activities at the Phalaborwa Mining
Company (Ltd.) that is just upstream. The study also revealed that the pollution from
the natural water sources exceeded the threshold value of 200 mg/l required for
human consumption as well as the threshold value of 100 mg/l for aquatic
ecosystem health.
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Table 1: Distribution of alien plant and invasive species across farmlands and mining areas in the Ba-Phalaborwa Municipality
Botanical name
Common name
Type
Category
Location
Distribution (%)
GPS Coordinates
Lantana and Ricinus
Weed and
Hans Merensky
23°96.155'S;
Lantana and castor oil
1
1
invader
Farm
31°25.198'E
Communis
Lantana and Ricinus
Communis
Ricinus
Communis
Opuntia Lindheimeri

23° 58' 35’S;

Lantana and castor oil

Weed and
invader

1

PMC Mine

2

Castor oil plant

Invader

2

Mogoboya Farm

0 ,5

23°55.811'S;
31°00.020'E

Weed

1

Foskor Mine

2

23°58`130’S;
31°00`450’E
23°42.052'S;
30°37.056'E

Small round leaved,
Prickly pear

31° 6' 120’E

Dutara

Thorn apple , Lantana
and stink blaar

Invader

2

Leon Thom
Farm
(Gravelotte)

1

Dutara

Thorn apple , Lantana
and stink blaar

Invader

2

JCI Mine
(Gravelotte)

2

Weed

1

Mogoboya Farm

0.5

23°55.811'S;
31°00.020'E

Weed

1

1

23°96.155'S;
31°25.198'E

Weed

1

1

23°54.811’S;
31°02.020'E

Yellow bell/Geelklokkie Weed

1

1

23°42.052’S;
30°37.056’E

Argenome Mexicana
Chrmolaena odorata

Yellow flowered
Mexican Poppy
Triffid
weed/Paraffienbos

Xanthium strumarium Large Cocklebur
Tecoma stans

Hans Merensky
Farm
Selati River
Bank
Leon Tom
Farm

Source: Golder Associates, (2009)
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23°90.690’S;
30.68150’E

Figure 1: Selected identified invasive plant species and mine dump due to mine pollution around Leon Tom farm
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CHAPTER 3
RESEARCH METHODOLOGY
3.1 Description of study sites
The study was conducted on one farmland each around the three mining sites in
Phalaborwa area, Limpopo Province. The farms are Hans Merensky (23°96.155'S,
031°25.198'E), Mogoboya Integrated (23°55.811'S, 031°00.020'E) and Leon Thom
(23°42.052'S, 030°37.056'E) farms. Leon Thom Farm is located about 56 km from
other two farms and about 3 km from the JCI Mining Company in the Gravelotte
farming community. On the other hand, Hans Merensky and Mogoboya Integrated
farms are located at about 2 km from the Phalaborwa Mining Company (PMC) and
Foskor Mining Company, respectively (Figure 2). Phalaborwa Mining Company
(PMC) mines and refines copper as its major product, Foskor Mine beneficiates
phosphate rocks into phosphoric acid and phosphate based granular fertilizers, while
JCI Mine exploits soil mineral resources for gold and antimony.

Figure 2: Map of the trial sites around the three Phalaborwa mining sites (Source:
Golder Associates, 2009)
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The wind in Phalaborwa is mostly from south-easterly direction for nearly 70 % of
the time and of which over 60 % is between 1.1 and 3.5 m/s with an average rarely
exceeding 8 m/s (Golder Associates 2009). The Hans Merensky and Leon Tom
Farms faced the wind direction from mining sites while Mogoboya Integrated Farm is
lined up along the two mines (Foskor and PMC). The geological formation of the
study area is Phalaborwa Alkaline Igneous Complex while the area is characterized
by a flat to gentle undulating bushveld landscape with mixed vegetation dominated
by Mopani biome on sweet veld with sandy clay soil (Golder Associates, 2010). The
mean annual rainfall in the area is 500 mm with average summer and winter
temperature of 37 0C and 22 0C, respectively (van der Spuy, 1982). Agricultural and
mining as well as tourism industries in the area rely mainly on Selati, Letaba and
Olifants River as well as boreholes as sources of water. The major farming activity in
the area is livestock while crop production is mostly done at subsistence level by
many farmers in the area (Mathivha, 2010).
The farmer at Hans Merensky Farm produces Lucerne, grass and golf course lawn.
The farmer’s fertilization program consists of the use of superphosphate and potash
fertilizers and lime ammonium nitrate (LAN). The farmer at the Mogoboya Integrated
Farm on the other hand extensively produces crops under dryland conditions, which
mostly consists of maize, groundnuts, pumpkins and dry beans with mango trees on
a half hectare land. The farmer has no conventional fertilizer management practices
except for the use of compost as a soil amendment. The farmer on Leon Thom Farm
mainly breeds cattle for dairy industry and grows his own pasture to feed his
animals. The pasture species grown consists mainly of grass and Lucerne using
superphosphates and potash fertilizers.
Additional soil samples that serve as control were similarly collected from unpolluted
Waterbok farm, Seloane (23°55.710' and 031°03.040') for the purpose of
comparison. The 250 ha farmland is located at about 70 km distance further away
from mining sites and situated 30 km North-East of Eiland Resort in Ba-Phalaborwa
Municipality. The farm produces wide varieties of agronomic crops such as tomato,
butternut, green pepper, baby marrow, petty penns, chilli and okra on reddish–brown
loamy sand soil. The area receives an average annual summer rainfall of 550 mm
and average summer and winter temperatures of 36 and 20°C, respectively.
11

3.2 Description of soil sampling procedures
A total of thirty six soil samples representing nine from each farm around the mines
and Waterbok farm were systematically taken at three different points on each farm
using a soil auger at 0–15, 15–30 and 30–45 cm depth. Another three separate
samples were randomly collected from the topsoil (0–15 cm) across each farm,
bulked together and used for microbial analysis. Prior to sampling for microbial
study, the soil auger was sterilized by immersion into 20 % ethanol solution.
Sampling

points

for

the

physico-chemical

and

microbial

properties

were

systematically selected to cut across each farm, with the first sampling point selected
closer to the direction of the mining site. The remaining sampling points were
selected at a fairly uniform distance away from the first sampling point depending on
the size of the each farm. All soil samples collected except for those to be used for
microbial study were air-dried, sieved through a 2 mm sieve and used for the various
laboratory determinations. Samples for the microbial study upon collection on the
field were kept under freeze conditions and transported in an iced cooler box before
transfer to the laboratory and analysed as fresh material.
3.3 Laboratory determination on soil samples
3.3.1 Procedures for physical and chemical analysis
Soil samples collected were subjected to selected physical, chemical and microbial
determinations following procedures summarized below in Table 2. For the purpose
of comparisons, results for the concentration of the different heavy metals obtained
will be compared with those from unpolluted soil samples obtained from Waterbok
farm as well as the standard permissible pollutant limits values obtained from
literature.
3.3.2 Methodology for microbial counts
Standard microbiological procedures were employed for the isolation and
enumeration of the different microbial groups. Different microbial growth media
designed to be selective for heterotrophic microbes; actinomycete and filamentous
fungi were used in the microbial analyses. These microbial populations were
subjected to the physiological ability of microbes to grow in each of the selected
media. General heterotrophic plate counts were done on nutrient agar (NA), (Biolab,
Midrand, South Africa). Actinomycete was isolated and enumerated on Actinomycete
12

isolation agar (Sigma-Aldrich, South Africa). Obtaining filamentous fungal counts,
malt extract agar (MEA), (Biolab (Merck), South Africa) was used and supplemented
with 30ppm chloramphenicol and 50 ppm streptomycin. These various media were
all sterilized at 121 °C for 15 min and made into pouring plates, each consisting of a
Petri dish (90mm in diameter) containing an isolation medium. A soil dilution series
ranging from 10-1 to 10-5 was prepared in triplicate using 1 g of soil in 9 ml of saline
solution and a 100 µL aliquot of each dilution was spread on the isolation plates.
The various isolation plates were incubated at room temperature and enumerated
after 3 days for the bacteria and 7 days for the actinomycete and fungi. The results
of microbial determinations obtained from polluted soils were compared with those
from the unpolluted Waterbok farm as well as others reported in literature (Hinojosa
et al., 2004).
3.4 Data analysis
All data generated were subjected to simple descriptive statistics such as mean,
standard error and coefficient of variation as well as analysis of variance (ANOVA)
using Statistix 8.1 software. Mean separation was done at 5 % probability level.
Microbiological data were log transformed prior to statistical analyses to fulfil the
conditions of normality. Where significant differences were found, the differences in
means across treatments were further compared using the post-hoc Tukey test.
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Table 2: Summary of methodology used for the various laboratory determinations
Parameters measured

Methodology for determination

Particle size distribution

Hydrometer method described by Gee and Bauder (1986)

Bulk density

Method described by Tisdall (1951) for disturbed soil.

pH (H 2 O & KCl)

Water (pH w ) and KCl extraction and measured in a 1:2.5
suspension using pH meter (Okalebo et al., 2002)

.Electrical conductivity

Saturated paste using water and measured using electrical

(EC e )

conductivity meter (Okalebo et al., 2002)

Exchangeable acidity (EA)

Determined by pH change of a buffered solution-soil
suspension (Mehlich, 1976).

Available P content

Bray P-1 procedure described by Bray and Kurtz (1945)

Percent organic carbon

Walkley-Black wet digestion, oxidation-titration method
(Nelson and Sommer, 1975)

Exchangeable K, Ca, Mg

Ammonium acetate extraction (pH 7.0) method

& Na (TEB)
Effective cation exchange

Estimated as the sum of exchangeable bases (Ca, Mg, K,

capacity (ECEC)

Na) and exchangeable acidity expressed in cmol(+)/kg

Extractable Mn, Zn & Cu;

EDTA extraction, Inductively coupled plasma -atomic

and heavy metals (Pb, Cd,

emission spectrometry (Herbert et al., 1994)

As & Sb)
− Microbial

population:

Fungi & bacteria
− Actinomycete

− Agar plate procedure – (Fredrickson and Balkwill, 1998;
Alef and Nannipieri, 1995)
− Dispersion and differential centrifugation procedure
according to Yang and Wang (1998)
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CHAPTER 4
RESULTS AND DISCUSSIONS
4.1 Physical properties of the soil samples collected from the different farms
Soil textural characteristics and bulk density
Table 3 shows the percent distribution of total sand, silt and clay content as well as
bulk density in the soil samples across the four farms. The clay content ranged from
11.0 to 21.3 % depending on soil depth with the highest percent clay content
obtained in soil samples from the Leon Tom farm. The silt content in the soil samples
varied between 8.0 and 12.7 % across all depths and farms while the total sand
content varied between 66.0 and 87.7 %. The percent total sand content is highest
in soil samples obtained from Waterbok farm while the clay and silt contents showed
a general increase with soil depths across all the farms. The results of statistical
analysis of the distribution of the three primary particles of sand, silt and clay showed
a significant difference in percent soil textural characteristics among all the sources
(farms, sampling depths, sampling points as well as their interactions with farms).
Significant interaction effect of sampling depth (SD) x farms (ID) as well as sampling
points (SP) x farms on percent clay and total sand content were also observed.
The bulk density in the soil samples ranged from 1.31 to 1.59 g cm-3 with soil
samples from Waterbok being the highest and Mogoboya farm the least. Significant
difference in the values of bulk density of soils between different farms, sampling
depths as well as sampling points was observed. The sampling depth x farms as well
as sampling points x farms interaction effect of on bulk density were also significant
(p<0.05). The significant difference in bulk density among these farms may be due to
varying degrees of parent materials (limestone and dolomite rocks) in the
Phalaborwa igneous complex as well as differences in agricultural land use practices
(Chamber of Mines of SA, 2005). The results also revealed that the bulk density of
soil samples from around the mining sites decreased further away from the pollution
sources, possibly attributed to less accumulation of the particles of pollutants from
mining activities and more disturbance of soil. This is in agreement with the work
reported by Ibanga et al. (2005). The bulk density of soil samples from the Waterbok
control farm showed a relatively constant value across the field.
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Table 3: Selected physical properties of the soil samples studied
Soil physical parameters
% clay
0-15
15-30
30-45
% silt
0-15
15-30
30-45
% total sand
0-15
15-30
30-45
Bulk density (g cm-3)
0-15
15-30
30-45
SEM values
Farms (ID)
Sampling depth (SD)
Sampling points (SP)
ID*SD interaction
ID*SP interaction

LTM

MGB

HMK

Waterbok

17. 7
19.0
21.3

13.7
16.0
16.0

18.0
18.7
18.7

11.0
16.0
17.7

11.3
9.7
12.7

8.0
7.7
9.0

10.0
8.7
8.0

11.0
11.6
12.7

71.0
71.3
66.0

78.3
76.3
75.0

72.0
72.6
73.3

87.7
82.0
77.0

1.346
1.320
1.313
Clay

1.489
1.560
1.592
Silt

1.451
1.440
1.420
Total sand

1.560
1.563
1.567
Bulk density

*
NS
*
*
*
NS
*
*
NS
NS
NS
*
*
NS
*
*
*
NS
*
*
SE implies standard error of mean; NS implies at not significant while *** implies significant
at probability level of 5%; LTM, MGB and HMK implies Leon Tom, Moogoboya and Hans
Merensky farm, respectively.

4.2 Chemical properties of the soil samples collected from the different farms
Soil pH and electrical conductivity
The mean value of pH, EC e , EA, organic carbon, available P and exchangeable
cations contents in soil samples across farms are contained in Table 4 below. The
values of pH w obtained from study areas ranged from 6.30 to 7.24 and pH KCl ranged
from 5.44 to 6.39 with their mean values of 6.69 and 5.89, respectively. The results
reflect a range of slightly to very slightly acid soil and further confirmed by higher
concentrations of heavy metals. The pH (water) values obtained for soil samples
from the control site (Waterbok) are ranging from 5.92 to 7.86 with a mean value of
6.89. The results reflect a medium acid to a slightly alkaline soil pH condition. The
mean pH value of soil samples from farms around the mining areas is lower than that
from the control site of the study. This result is in agreement with earlier studies
reported by Fowles (2007). Furthermore, the results of the pH values showed a
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decreasing value with increase in soil depths suggesting that the mine tailings
produced exert acidic effects on the underlying soil (Rosner and Van Schalkwyk,
2000).
The EC e values obtained in soil samples from farms around the mining sites ranged
from 11.42 to 11.97 mS/cm with a mean value of 11.74 mS/cm as compared to the
range of 4.94 to 15.14 mS/cm with a mean value of 9.38 mS/cm in soil samples from
the control farm. The higher mean EC values in mine-polluted soils than those of
unpolluted soils observed in this study may be attributed to the high load of
pollutants from the mines as well as micronutrient-rich fertilizers and pesticides used
by the farmers as previously reported by Fowles (2007). The implication is that the
soils have tendency for salt problem that may impact negatively on water and
nutrient uptake by crops. A significant (p<0.05) sampling depth x and farms as well
as sampling points x farms interaction effect on soil pH w and electrical conductivity
were also obtained.

Organic carbon, exchangeable acidity and phosphorus
Table 4 also contains the distribution of soil exchangeable acidity, percent organic
carbon and available phosphorous. The percent organic carbon content in the soil
samples varied between 1.29 and 2.46 across all depths and the four farms while
available P ranged from 4.86 to 13.32 mg kg-1. Percent organic carbon increases
with an increase in distance away from the mining area due to vegetation and topsoil
removal around the mining area and the immediate surrounding (Agboola, 1982;
Salami et al. 2002). The value of exchangeable acidity in the soil samples varied
between 0.39 and 0.88 cmol(+)/kg across soil depths, sampling points and the four
farms. Values of exchangeable acidity increase with increasing distance from the
pollution source. This observation is in perfect agreement with earlier findings
reported by Wild (1995).
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Table 4: Mean values of selected soil chemical properties in soil samples obtained from the different farms
pH w
Indicators

pH KCl

Electrical
conductivity
(mS/cm)

Exchangeable
Acid
(cmol(+)/kg)

%
Organic
Carbon

Avail P

Exch K

Exch Ca

Exch Mg

Exch Na

(mg kg-1)

Soil depths (cm)
0-15
6.94a
6.21a
11.53a
0.72a
1.86a
10.28a
176a
1130a
391a
43a
15-30
6.77a
5.96b
11.16b
0.72a
1.97a
9.09b
180a
1078a
394a
44a
30-45
6.50b
5.65c
10.76c
0..80a
1.53b
6.63c
191a
1084a
408a
43a
Sampling points (S)
Point1
6.70ab 5.93a
12.24a
0.65b
1.76b
13.32a
127b
1078a
402a
51a
Point2
6.91a
6.02a
10.76b
0.79a
1.41c
7.82b
212a
1065a
381a
38b
Point3
6.00b
5.88a
10.45b
0.80a
2.19a
4.86c
208ab
1149a
409a
42ab
Locality
Hans Merensky Farm 6.53c
5.83c
11.97a
0.88ab
2.46a
6.03d
119b
913a
432b
66a
Leon Tom Farm
6.30c
5.44d
11.83a
0.80b
1.29c
6.93c
136b
1232a
634a
49b
Mogoboya Farm
7.24a
6.39a
11.42b
0.92a
1.90b
11.87a
125b
1214a
213c
35bc
Waterbok Farm
6.89b
6.11b
9.38c
0.39.c
1.49c
9.84b
351a
1030a
311bc
24c
Significance
***
***
***
***
***
Sampling depth (SD)
NS
NS
NS
NS
NS
***
***
***
***
***
***
***
***
Sampling point (SP)
NS
NS
***
***
***
***
***
***
***
***
***
***
Locality (ID)
***
***
***
***
***
***
***
***
***
***
ID*SD interaction
NS implies at not significant while *** implies significant at p = 0.001; figures within the same column with same letters are not significantly
different
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The results of available P content showed a decrease further away from the pollution
source while the low available P content in the soil samples may be attributed to
inherent soil characteristics such as high calcium content across the study areas
which could potentially render P unavailable through fixation (Wild, 1995; Dutta and
Agrawal, 2002). The results of statistical analysis showed a significant difference in
organic carbon and exchangeable acidity across sampling depths, sampling points
and the four farms. The interaction effect of sampling depth (SD) and farms (ID) as
well as sampling points (SP) and farms on exchangeable acidity, organic carbon and
available phosphorous content were also significant (p<0.05).
4.3 Extractable cations and heavy metal distribution in the samples
4.3.1 Concentration of extractable cations
The distribution of soil extractable K ranged from 176 to191 mg kg-1, 208 to 212 mg
kg-1 and 119 to 351 mg kg-1, respectively across sampling depths, sampling point and
farms. Calcium content ranged from 1078a to 1130 mg kg-1, 1065 to 1149 mg kg-1
and 913 to 1232 mg kg-1, Mg ranged from 391 to 408 mg kg-1, 381 to 409 mg kg-1
and 213 to 634 mg kg-1, and that of Na ranged from 43 to 44 mg kg-1, 38 to 51 mg
kg-1 and 24 to 66 mg kg-1 across sampling depths, sampling point and farms
respectively. Potassium concentration in soil from Waterbok (control) farm recorded
the highest value as compared to all the farms as shown in Table 4, which could
probably be a reflection of land use rather than of inherent soil characteristics
(Mandiringana et al., 2005). The mean exchangeable K, Ca and Mg concentrations
across the farms for all sampling points and depths varied between 119 and 351 mg
kg-1, 913 and 1214 mg kg-1, and between 213 and 634 mg kg-1, respectively while
the mean Na concentration across the farms ranged from 24 to 66 mg kg-1.
Generally, the extractable K, Ca and Na concentrations showed a marginal increase
further away from the pollution source while K concentration follows no definite
pattern with increasing distance further away from the pollution source. The sampling
depth x farms as well as sampling point x farms interaction effects on K, Ca, Mg and
Na were all significant (p<0.05) suggesting that availability of these nutrient elements
is affected regardless of sampling depth or sampling point in polluted soils. This
confirms the findings of Ratcliffe (1974) who also observed reduced availability of
essential plant nutrients in soil due to pollution arising from mining activities.
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4.3.2 Heavy metal distribution in the soil samples
Table 5 below shows the concentration of heavy metal across the different sampling
depths and farms. Generally, the concentration of heavy metals in soil of the four
farms decreased with increase in soil depth. The level of pollution in the soil of the
farms differs depending on the sources of the pollutants. Lead (Pb) concentration at
the soil surface of farms around the three mining sites ranged from 9.61 to 13.38 mg
kg-1, which is considerably higher than the value of 3.70 mg kg-1 from the surface soil
sample from Waterbok farm used as control to measure the degree of pollution. The
Pb concentrations at the surface (0-15 cm) soils from around the three mining sites
exceed the critical range level of 0.59 to 7.48 mg kg-1 for South African soils reported
by Alloway (1995) and the FAO (1985) threshold level of 5 mg kg-1 for crop
production. Leon Tom Farm recorded the highest level of arsenic and antimony
concentrations of 21.69 and 15.79 mg kg-1, respectively. Comparatively, surface soil
samples from Mogoboya, Hans Merensky and Waterbok Farms contained an
average antimony concentration level of 0.03; 0.17 and 0.18 mg kg-1, respectively.
Soil samples from Waterbok Farm which serves as the control site for this study
contained negligible amount of copper concentration at virtually all sampling depths
clearly suggesting that the elevated copper concentrations detected in soil samples
collected from Hans Merensky, Leon Thom and Mogoboya Farms are as a direct
result of pollution from nearby mining operations. Except for soil samples at Leon
Tom farm, copper concentrations in samples from Hans Merensky and Mogoboya
farms at all depths were generally higher than the critical level of 0.2 mg kg-1
reported by FAO (1985). The high accumulation of these heavy metals at virtually all
the soil depths may be related to the percent clay and organic carbon content. This
is confirmed by earlier findings by Schoer (1985) that heavy metal accumulation in
the primary mineral soil particles is in the order of clay > silt > total sand. Extractable
Mn content ranged from trace amount to 0.4 mg kg-1 depending on soil depth and
sampling point. Generally, the Mn concentration observed in the surface soil
samples from Hans Merensky and Waterbok farms was above the critical level of 0.2
mg kg-1 reported by FAO (1985) probably due to the fertilizer use on those farms.
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Table 5: Selected micronutrients and heavy metals concentration (mg kg-1) of the soil
samples studied
Parameters per soil
LTM
MGB
HMK
Waterbok
depth
0-15 cm
Mn
0.001
0.07
0.31
0.23
Zn
2.26
0.58
4.53
0.33
Cu
0.05
0.47
0.51
Trace
Pb
9.61
13.38
12.09
3.70
Cd
0.06
0.056
0.08
0.02
As
21.69
0.01
0.01
0.34
Sb
15.79
0.03
0.17
0.18
15-30 cm
Mn
0.16
0.03
0.004
Trace
Zn
0.99
Trace
4.53
0.06
Cu
Trace
0.42
0.39
Trace
Pb
8.67
11.84
13.96
3.82
Cd
0.05
0.04
0.07
0.02
As
3.56
0.01
0.01
0.46
Sb
1.05
0.03
0.07
0.15
30-45 cm
Mn
0.25
0.28
Trace
0.40
Zn
0.7
0.82
1.209
0.19
Cu
0.01
0.38
0.22
Trace
Pb
9.27
13.21
11.69
4.45
Cd
0.04
0.10
0.039
0.02
As
4.53
0.01
0.01
0.62
Sb
1.00
0.01
0.036
0.10
*Critical values: Mn = 20-10000; Zn = 0.2-3.1; Cu = 0.4-6.4; Pb = 0.59-7.48; Cd = 0.0020.04; As = 0.1-40; Sb = 50 mg kg-1 (Alloway, 1995; FAO, 1985; Steyn and Herselman,
2005); LTM, MGB and HMK implies Leon Tom, Moogoboya and Hans Merensky farm,
respectively.

4.4 Microbial properties of the soil samples
The mean distribution of microbial count of fungi, bacteria and actinomycetes within
the surface 0-15 cm soil depth across the different localities and sampling points is
presented in Table 6. There is a significant difference (p<0.05) in the distribution of
actinomycete and bacteria counts across all the farms and sampling points while
fungi counts in polluted soil samples did not differ significantly. Fungi and
actinomycete activities were more sensitive to heavy metal contamination than
bacteria and were significantly increased following soil pollution. The findings
reported in this study are in agreement with earlier findings reported by Biester et al.
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(2002). The significantly high microbial counts obained in this study is probably
attributed to the long period of pollution particularly for soils around the three mining
sites relative to the soil from the control Waterbok farm. Table 7 contained data on
the mean microbial counts in soil samples taken further away from the pollution
source. The data revealed that fungi, bacteria and actinomycete counts increase with
increase in the distance away from the pollution source. The data on the microbial
counts from polluted soils showed an increase in microbial activity further away from
pollution source. This trend is in agreement with earlier findings reported by
Mikanova et al. (2002) that the values of enzymatic activities were highest in soil
samples further away from the source of contamination but decreased as the source
of contamination is being approached. The results however contradicts findings
reported by Hinojosa et al. (2004) that all enzymes and general microbiological rates
detected in unpolluted soils were more than two times higher than in polluted soils.
Hinojosa et al., (2010) also indicated that the total number of colony forming unit
(CFU) of fungi and actinomycetes was significantly reduced after heavy metal
contamination. Mining also resulted in the clearing of vegetation and thus reduces
the concentration of essential nutrients through reduced soil organic matter level of
the soil and biological activities; and consequently decreases the productivity of the
soil (Pandey and Kamur, 1996).

Table 6: Mean distribution of microbial count (CFU g-1 soil) within the surface 0-15
cm soil depth at different localities across sampling points
Locality
Fungi
Bacteria
Actinomycete
Leon Tom Farm
3.82a
6.44a
6.20a
Mogoboya farm
3.51a
6.46a
5.97a
Hans Merensky farm
3.80a
5.91b
5.51b
Waterbok farm
2.14b
5.70c
4.90c
SEM
0.09
0.03
0.08
** Values reported in the Table are Log CFU g-1 soil; values within the same column
with same letters are not significantly different; SEM implies standard error of mean.
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Table 7: Effect of sampling points on the distribution of microbial count (CFU g-1 soil)
within the surface 0-15 cm at different localities
Locality/sampling points
Leon Tom farm

Fungi

SP1

3.83a

SP2

3.62a

SP3

4.00a

Bacteria

6.53c
5.59e
7.2a

Actinomycetes
6.20bc
5.15ef
7.25a

Mogoboya farm
SP1

3.52a

6.82b

6.38b

SP2

3.23a

6.6c

5.92cd

SP3

3.77a

5.96d

5.62de

3.76a

5.55e

3.80a

5.59e

3.84a

5.97d

SP1

2.31a

5.89d

4.72fg

SP2

2.10a

5.88d

4.51g

SP3

2.00a

5.96d

5.47de

SEM

008

0.05

0.11

Hans Merensky farm
SP1
SP2
SP3

5.62de
5.34e
5.55de

Waterbok farm

** Values reported in the Table are Log CFU g-1 soil; SP 1, 2 & 3 connote sampling
points on each farm; values within the same column with same letters are not significantly
different; SEM implies standard error of mean.
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CHAPTER 5
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
The discovery of more mineral reserves in the Limpopo Province, and many parts of
the country poses a threat to the agricultural ecosystem due to hazardous byproducts which will continue to be produced following increased mining activities.
The sources of these pollutants are mine dumps, acid mine drainage and tailings
dams, which exert serious negative consequences on the the environment including
our non-renewable natural resources such as water and soil. Thus the primary goal
of this study was to quantify the impact on mine pollution on soil.
The findings of this study revealed that mining activities constitute sources of
pollutants which impacted negatively on soil physical, chemical and biological
properties. This is further confirmed by the recent incidence of high catfish crocodiles
and crabs mortality in the Olifants and Selati Rivers which were exposed to mine
pollutants as well as the presence of different varieties of invasive weed and plant
species observed during the study on and/or around farmlands located around the
mining sites. The concentration of Pb obtained in soil samples around the mining
sites far exceeds the acceptable limits/threshold level. The concentration of
extractable heavy metals in the studied areas was in the order: As >Sb>Pb>Zn>Cu
>Mn >Cd. The concentrations of Cd appeared very low in all samples while elevated
levels of Mn, Cu and Zn were detected at all depths relative to values from nonpolluted control. Significantly higher Pb, As and Sb concentrations were obtained in
polluted samples than those from the control samples.
The findings further revealed that the activities of microorganisms were less affected
by pollution in fine-textured soils than in sandy loam possibly because of differences
in the sorption capability of soils with different textures as reported by Hinojosa
(2004). Soil microbial levels were significantly higher in mine polluted than nonpolluted soils except in Hans Merensky samples where bacterial and actinomycete
counts were lower.

Future studies on soil from affected areas should focus on

assessment interventions to reduce the impact of the pollutants on crop production
so as to improve soil quality and agricultural productivity in these farming areas.
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