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“It may be doubted whether there are many other animals which have played so important a part
in the history of the world as these lowly organised creatures”
Charles Darwin
1881
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SUMMARY

Mining has negative impacts on the environment, and is one of the main contributors to environmental
pollution. This holds a potential hazard for ecosystems surrounding mining areas and also for public
health in the surrounding communities. There is therefore a need for ecotoxicological research in order
to assess these possible risks and find ways to minimize the harmful effects. One way in which to
assess soil vitality are soil enzymes which are produced by plants and microorganisms and will therefore
be more abundant in healthy soils. Earthworms have been proven to be useful bioindicators for metal
contamination of soil, as they are able to accumulate metals from their environment into their body
tissue. The aim of this study was to use earthworm bioassays, neutral red retention time analysis (NRR-
t), enzymatic analysis and RAPD-PCR to determine the effect of mining activity on the environment.
This was done by assessing the ecotoxicity of tailings collected from three different mines, viz. gold-,
opencast chrome- and coal mines. The metals chosen for analyses included four (Cr, Co, Ni and Pb) of
the seven (Cd, Cr, Ni, Pb, Zn, Cu, Co) environmentally important trace elements as described for South
African soils. Arsenic was also chosen since it is associated with gold mine tailings. Tailings and soil
were collected from three sites at each of the mines which included unrehabilitated (TDF-U) and
rehabilitated (TDF-R) substrates from tailings disposal facilities (TDFs) and reference soils (RS) in close
proximity to TDFs. The physical and chemical properties of these different substrates were determined
in terms of pH, particle size as well as metal contents. In addition to this, they were analysed for
microbial community function by means of enzymatic activity, which has been proven to be useful in
evaluating contamination of soil. The enzymes analysed in this study included dehydrogenase, R3-
glucosidase, acid phosphatase, alkaline phosphatase and urease. Earthworms (Eisenia andrei) were
exposed to different material for 28 days during which their biomass, reproduction, mortality and
lysosomal membrane stability were monitored weekly. Hereafter, they were removed from the material
while the cocoons were left behind for a further 56 days. The hatched and unhatched cocoons as well
as the juvenile worms were then counted to determine reproduction patterns in the materials. Metal
concentrations in the substrates and earthworm body tissues were compared to selected benchmarks.
Results indicated that when comparing the different materials from each mine, enzymatic activity proved
to be a very sensitive parameter. Enzymatic activity showed significant differences (p < 0.05) between
RS, TDF-R and TDF-U materials. Biomass was not a sensitive parameter (p > 0.05) for the worms
exposed to the gold and chrome mine tailings, but it was a sensitive parameter (p < 0.05) for the coal
mine exposed earthworms, showing early differences between the worms from the different sites (RS,
TDF-R and TDF-U). The NRR-t assay was very sensitive (p < 0.05), indicating clear differences
between the worms from each investigated site. In terms of reproduction, the production of cocoons
showed clear differences (p < 0.05) between the different sites and could therefore be considered a
sensitive parameter. Hatching success however, was not a sensitive parameter. The reason being that

there were so little cocoons produced that it is not possible to determine the correct percentage of
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juvenile worms hatching from, for example, only one or two cocoons. Mortality was also not a sensitive
endpoint as it was only observed in the coal mine material. RAPD - PCR results indicated genetic
differences between earthworms exposed to the control- and the tailings materials, indicating either DNA
alterations due to possible genotoxic effects, or genetic variation between individuals of the same
species. Since mine waste materials often contain complex mixtures of metals that might be toxic on
their own or in combination with other factors, it is difficult to attribute any observed genotoxic effect to
any of the specific metals.

Keywords: bioassays, biomarkers, earthworms, mining, soil enzymes, tailings disposal facility



OPSOMMING

Mynbouaktiwiteite het negatiewe impakte op die omgewing en is een van die hoof bydraers tot
omgewingsbesoedeling. Dit hou 'n potensiéle gevaar in vir omliggende ekostelsels asook publieke
gesondheid vir gemeenskappe naby myne. Daar is dus 'n behoefte vir ekotoksikologiese navorsing in
sulke gebiede om moontlike risiko’s te identifiseer en maniere te vind om negatiewe effekte te
minimaliseer. Een manier om grondgesondheid te bepaal is deur grondensieme wat hoofsaaklik deur
plante en mikrodrganismes geproduseer word en gevolglik meer volop is in gesonde grond. Erdwurms
is ook bewese bioindikatore van metaalkontaminasie in grond en kan metale in hul liggame akkumuleer.
Die doel van hierdie studie was om bioevaluerings toetse, neutraalrooi retensietyd, ensiematiese analise
en RAPD-PCR te gebruik om die effekte van mynaktiwiteite op die omgewing te bepaal. Dit is bereik
deur die omgewingstoksisiteit te bepaal van uitskot van drie verskillende myne nl. goud-, oopgroef
chroom- en steenkoolmyne. Die metale wat gekies is vir analise (Cr, Co, Ni en Pb) is vier van die sewe
(Cd, Cr, Ni, Pb, Zn, Cu en Co) omgewingsbelangrike elemente in Suid-Afrikaanse grond. Arseen is ook
gekies omdat dit geassosieer word met goudmyn uiskot. Uitskot en grond is versamel vanaf drie
terreine by elk van die myne en het ongerehabiliteerde (TDF-U) en gerehabiliteerde (TDF-R) substraat
van slikdamme (TDFs) en verwysingsgrond (RS) naby aan slikdamme ingesluit. Die fisiese en chemiese
eienskappe van hierdie verskillende substrate is bepaal ten opsigte van pH, deeltjiegrootte en
metaalkonsentrasies. Die mikrobiese gemeenskapsfunksie is ook bepaal deur middel van
ensiemaktiwiteit wat ‘n nuttige manier is om grondbesoedeling te evalueer. Hierdie ensieme het die
volgende ingesluit: dehidrogenase, B-glukosidase, suur fosfatase, alkaliese fosfatase en urease.
Erdwurms (Eisenia andrei) is blootgestel aan die verskillende substrate vir 28 dae en gedurende hierdie
tyd is biomassa, voortplanting, mortaliteit en lisosoom membraanstabiliteit (NRR-t) weekliks gemonitor.
Hierna is die wurms verwyder vanuit die materiaal en die kokonne agtergelaat vir 'n verdere 56 dae. Die
uitgebroeide en onuitgebroeide kokonne, sowel as die jongelinge wat uitgebroei het, is getel.
Metaalkonsentrasies in die substrate sowel as in die erdwurms se liggaamsweefsel is vergelyk teen
vasgestelde maatstawwe. Resultate het getoon dat wanneer die verskillende materiale van elke myn
vergelyk word, ensiemaktiwiteit 'n sensitiewe parameter is. Ensiemaktiwiteit het beduidende verskille (p
< 0.05) getoon tussen RS, TDF-R en TDF-U substrate. Biomassa was nie 'n sensitiewe parameter (p >
0.05) vir die erdwurms wat blootgestel is aan die goud- en chroommyn uitskot nie. Dit was wel 'n
sensitiewe parameter (p < 0.05) vir die erdwurms wat blootgestel is aan die steenkoolmyn uitskot,
aangesien dit vroeé verskille getoon het tussen die wurms van elke substraat (RS, TDF-R en TDF-U). In
terme van voortplanting, het die produksie van kokonne duidelike verskille (p < 0.05) getoon tussen die
verskeie substrate en kon dus oorweeg word as sensitiewe parameter. Uitbroeisukses was egter nie 'n
sensitiewe parameter nie. Die rede hiervoor is omdat daar so min kokonne uitgebroei het. Dit is dus nie
moontlik om die korrekte persentasie van uitbroeisukses te bepaal van slegs een of twee kokonne nie.

Mortaliteit was ook nie 'n sensitiewe eindpunt nie aangesien dit slegs waargeneem is in steenkoolmyn
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substraat. Met betrekking tot RAPDs, het resultate variasie getoon tussen kontrole wurms en
mynmateriaalwurms, wat demonstreer dat daar 6f DNA alterasies plaasgevind het, 6f moontlike
genetiese variasie tussen individue van dieselfde spesie was. Aangesien myn uitskot dikwels
komplekse mengsels van metale bevat wat 6f op hul eie 6f in kombinasie met ander faktore toksies mag

wees, is dit moeilik om enige waargenome genotoksiese effek aan enige spesifieke metaal te koppel

Sleutelwoorde: bioevaluerings toetse, biomerkers, erdwurms, grondensieme, mynbou, slikdam
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CHAPTER 1: INTRODUCTION

1.1 Mining and the environment

The mining industry played a key role in the development of civilization and the world’s infrastructure
(Mbendi Information Services, 2010). Since the late 19th century, the economy of South Africa has been
based on production and export of minerals; this contributed largely to the industrial development of the
country (Mwape et al., 2008). During that period South Africa was the largest producer of chromium and
vanadium, as well as a leading producer of gold and other minerals (Rank, 2010), while also being the
third largest exporter of coal (Coakley, 1999). The country’s global resources include nearly 90% of the
platinum group metals, 80% manganese, 73% chrome, 45% vanadium and 41% gold (Department of

Minerals and Energy, 2010).

The environmental impact of mining activities include water-, air-, noise-, and soil pollution, land
degradation, as well as associated human health problems (Kwolek, 1999). An estimate made by the
South African Department of Mineral and Energy Affairs in 1992 showed that more than 25 000 hectares
of land are taken up by waste dumps alone (Louw, 1992). In another estimate, taken just eight years
later by Fairbanks et al. (2000), the amount of land taken up by waste dumps had reached 175 420
hectares. Either the estimation by Louw (1992) was an underestimation, or this number really increased
with about 150 420 hectares in such a short time. The total soil lost through erosion in South Africa has
also been reported to be more or less 300 to 400 million tons per year (Department of Environmental
Affairs, 1992), while 0.14% of the country’s land surface is comprised of mines and quarries (Fairbanks
et al., 2000). According to Hunt (1983), active mines have an erosion tempo of more than 200 times that
of natural grasslands. Therefore, if mining wastes are not managed properly, there is a potential hazard
for ecosystems surrounding the area and also for public health in the surrounding communities (Van
Tonder, 2008). This is of concern since soil is non-renewable on a human time-scale (Tate, 2000) and

as a result, our present actions concerning the environment will have an effect for many years to come.

Soil is of critical importance to life and one of the most valuable natural resources. Without it, no living
organism would be able to exist. This is why serious concern exists regarding mining activities that

cause environmental degradation (Harris, 2003).

As was elegantly described by Eijsackers et al. (2006), soil is a vital system and the awareness of this
needs to become the basis of soil policy and -management. There is much more to soil, as all kinds of
living and non-living matter, each with its own part and function, can be found therein. This diversity is
necessary for the quality and fertility of the soil. Soil quality can be defined as “the capacity of a soil to
function within ecosystem and land-use boundaries, to sustain biological productivity, maintain
environmental quality and promote plant, animal, and human health” (Doran and Safley, 1997). Soil

fertility is “the ability of the soil to supply elements essential for plant growth without a toxic concentration



of any element” (Foth and Ellis, 1996). Both these are extremely important factors. Soil plays a vital role
in all the natural ecological cycles, and provides a physical support system as well as nutrients to plants,
which in turn provide humans and animals with food, shelter and other necessities. It is therefore
important to preserve our soil and to improve its quality and productivity where possible (Izquierdo et al.,
2005). The unfortunate reality is, however, that people are still ignorant of the fact that this valuable and
non-renewable resource (Cornu, 2008) is nearing its limit. Numerous anthropogenic factors are

continuing to contribute to these problems with no viable alternative for destroyed soil (Shira, 2010).

The health and stability of soil can be damaged by structural changes as well as by changes in its
chemistry (Acton and Coote, 2010), which are both processes that occur during mining activity. Since
mining forms an essential cornerstone of South Africa’s economy, rehabilitation of mining sites should be
the leading method used to decrease the negative impacts of these activities. Soil protection in South
Africa was first considered a priority during the 1950’s, and only because of new laws compelling all
mines to take steps in minimising its amount of pollution (Marsden, 1985). Examples of laws protecting
the environment include the Constitutional Law of South Africa (Act 108 of 1996) giving all South
Africans the right to a healthy environment and the right to protect the environment, the National
Environmental Management Act (Act 10 of 1998) requiring the prevention or minimisation of damage to
the environment as well as the rehabilitation of already degraded environments and the Draft Integrated
Pollution and Waste Management Policy (White Paper) aiming to minimise the generation of waste and

pollution as well as the recycling and re-using of waste (South Africa, 1998).

The formation of soil and the re-establishment of soil biological functions are basic requirements for the
recovery of ecologically sensitive ecosystems as active and healthy soil microbiology has a lot of positive
effects. It is able to mineralize nitrogen and sulphur and also suppresses nematodes, bacterial- and
fungal diseases. These microorganisms actively decompose organic material, while also improving root
development. They assist in the recycling of nutrients, making it available for plants, and furthermore
they also improve soil physical and chemical conditions (Zhou et al., 2009). In order to improve the
quality of the post mining material, it is therefore necessary to have knowledge of the soil ecosystem and

its physical and biological composition (Claassens, 2007).

An important factor regarding soils is pH. The grade of acidity or alkalinity of soil is represented by the
pH value and it is used as an indicator of soil reactions. Most plants prefer a slight to moderate acidic
soil with a pH of between 5.5 and 7 and soil have a tendency to become acidic even under natural
conditions, mostly because of rainfall, microbial respiration and nutrient uptake by plants. After
prolonged leaching, the pH of soil will therefore reach a pH of 5 - 5.6. Microbial respiration leads to the
release of CO; that produces a weak acid when dissolved in ground water. Soil pH has a very important

effect on the availability of certain plant nutrients and the optimal pH for maximum nutrient availability



varies depending on the nutrient. For example, at a pH of less than five, there will be aluminium and

manganese toxicity, but a calcium deficiency (Ashman and Puri, 2002).

Sand, silt and clay percentages of materials give an indication of the structure of the soils, but post-
mining material do not have the same structure or texture as normal soil. It is usually composed of a
uniform material with a specific particle size and structure. Mining activity causes an excess of fine or
coarse material, which is unfit for plant growth. It is especially a problem with slopes (Fox and Bryan,
1999). The success rate for rehabilitation is also lower for finer material since it is more susceptible to

erosion (Department of Industry Tourism and Resources, 2006).

1.2 Risk Assessments

National programmes and management strategies have been implemented by the South African
government. These include Strategic Environmental Assessments, Environmental Impact Assessments,
and Environmental Management Plans. The aim is to ensure that the impacts of practices and
development are understood, that environmental damage is minimised and that rehabilitation is applied
to already damaged environments (DEAT, 2004). Risk assessments are therefore done on mining sites
in order to identify possible