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ABSTRACT

The Witwatersrand Basin has the world’s richest deposits of gold and low-grade
uranium, with South Africa being the world’s leading producer of gold. In South
Africa, 70% of all waste is generated by mining, mainly the gold and uranium,
platinum and coal sectors. In the Witwatersrand Basin alone, there is approximately
400 km? of gold tailings storage facilities (TSFs) and footprints. Acid rock drainage
(ARD) is one of the most severe types of mine pollution and emanates from ore
being exposed to both oxygen and water, which acidifies the water leaching through
the dumps. This could potentially percolate into ground water systems, and
eventually river systems. ARD could lead to contamination by metals and metalloids

and could affect the chemical speciation of these elements.

Phytoremediation involves using plants and soil micro flora, as well as non-living
bidmass to improve the quality of a substrate; as plants naturally take up metals
from soil and water. Metal hyperaccumulators are of interest as they are capable of
accumulating high concentrations of metals and metalloids in their tissues, thus

making them highly applicable for mine remediation purposes.

The aim of the project was to assess whether two species of trees, namely Rhus
lancea and Tamarix usneoides, have the potential to phytoremediate ARD by
modifying the physical and chemical properties in the substrate, versus a control.
For each tree species, two treatments, i.e. woodland and grassland (control)
substrates were studied within two gold mine sites near Klerksdorp (on the western
part of the basin), with different soil forms and conditions for the growth of trees.
The results were interpreted in order to assess if either of these tree species show

potential for remediation of ARD-impacted substrata.

Soil samples were collected from the two gold mine sites in the dry season of 2009.

Physical analysis of the soil samples included: soil colour; carbon, hydrogen,




nitrogen and sulphur (CHNS) analysis, X-ray fluorescence (XRF); soil fertility; and
soil texture of the soil samples. Chemical analysis included the initial physical-
chemical soil solution measurements, the sequential extraction of the soil using the
European Communities Bureau of Reference (BCR) method, and the analysis of
the BCR extracts using inductively coupled plasma - optical emission spectroscopy
(ICP-OES). Analysis was done for the following major nutrients: calcium,
magnesium, potassium, phosphorous and sulphur, and trace elements: aluminium,
arsenic, chromium, copper, iron, lead, manganese, mercury, nickel, titanium,
uranium, vanadium and zinc. The statistical analysis included: descriptive statistics,
percentage differences, principal components analysis (PCA), histograms, analysis

of variance (ANOVA), and linear regression analysis (LRA).

The trees enhanced the physical-chemical characteristics of the soil, i.e. the pH
increased by 7% due to alkalinising effects; the conductivity increased by 88% due
to salt and metal hyperaccumulation from the soil; and the redox potential

decreased by 15%, thus reducing the oxidation potential of the soil.

The trees also improved the phyical soil characteristics improving soil texture, due
to the introduction of finer particles into the soil; i.e 18% more clay particles.

The chemical condition of the soil in the presence of the trees also bettered, as the
concentration of calcium increased by 14% in the soil due to top-soil enrichment.
Hence the trees have enriched the soil substrate by increasing the calcium in the
soil. PCA showed that calcium, magnesium and sulphur were grouped together
while phosphorous and potassium formed another grouping; indicating similar
behaviour within each major nutrient group. ANOVA results suggested that the
concentration of the major nutrients showed no significant difference between the
woodland and the grassland treatment substrates (p = 0.388 for the first grouping
and p = 0.405 for the second grouping). The linear regression results indicated that
the major nutrients had a significant, linear, negative relationship with depth; hence

the equation which was generated could be used in future predictions.




Nickel decreased in the presence of the trees by between 39%. The trees likely

absorbed the nickel ions from the soil, causing a decrease in the soil solution.

The PCA showed three distinct groupings, namely one for mercury, vanadium,
chromium, arsenic, titanium, nickel and zinc; another for aluminium, manganese,
and iron; and lastly uranium and lead formed another grouping, again indicating
similar behaviour in each grouping. The ANOVA results indicated that aluminium,
manganese and iron showed a significant difference between the woodland and the
grassland treatment substrates (p = 0.00), and no significant difference for the other
trace elements (p = 0.40 and p = 0.20). The linear regression data indicated
uranium and lead had a significant, quadratic correlation with depth (p = 0.01),

while the other trace elements did not have a significant correlation with depth.

Distribution curves showed that aluminium, chromium, iron, phosphorous,
potassium, titanium, vanadium and nickel (at the VRMP), were mainly present in
the residual fraction, while calcium, magnesium, manganese and nickel (at the
VRWC) were mainly present in the BCR fractions. The trees did not change the
percentage distribution of aluminium, chromium, iron, phosphorous, potassium,
titanium, vanadium and nickel (at the VRMP), but did change that of calcium,

magnesium, manganese and nickel (at the VRWC)

The study revealed that Rhus lancea and Tamarix usneoides tree species have a
great apititude for the treatment of ARD through phytoremediation, as the physical,
and chemical characteristics of the mine soils improved in the presence of the

trees.

The research also highlighted the differences between the sites, and it was found
that the overall soil quality was better at the VRWC than at the VRMP. For example
the conductivity of the soil was 168% higher, the CEC in terms of soil fertility was
129% higher, and all major nutrients were between 96% and 183% higher at the
VRWC than at the VRMP.




Differences between the tree species, i.e. Tamarix usneoides and Rhus lancea
were also investigated, and it was found that Tamarix usneoides was more effective
in improving the overall quality of the soil. For example the buffer pH was 10%
higher, and the conductivity 107% higher in the soil surrounding Tamarix
usneoides, while the redox potential was 18% lower, thus improving some of the
conditions which exacerbate ARD. The magnesium was 71% in the presence of

Tamarix usneoides.
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