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Abstract
Investigating the microbial community of the Sishen Iron-Ore Mine in South Africa has become a topic of interest. Microorganisms could prove to be useful in bioleaching processes, resulting in the minimisation of the negative impact that certain
substances, such as phosphorus (P) and potassium (K), have on the economic functioning of the mine. The objective of this
investigation was, therefore, to determine which micro-organisms were indigenously present in the process- and groundwater
systems of the mine. Groundwater samples and three different process water samples were collected from the mine, followed
by chemical- and microbial community analyses. Microbial inhibition was observed in all the process water samples due to
the relatively high levels of copper, chromium and zinc present. Aeromonas hydrophila proved to be the dominant bacterial
species in all the process water samples, whereas Pseudomonas aeruginosa and Herbaspirillum spp. were observed in the
groundwater of the mine. None of the isolated micro-organisms have been implicated in bioleaching practices, and therefore these organisms will not be included as candidates for the removal of P and K from the iron-ore of the Sishen Iron-Ore
Mine.
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Introduction
The depletion of high-quality iron-ore (>60% Fe; <0.24% K)
deposits necessitates the processing of lower-quality iron-ore
(<60% Fe; >0.24% K) (Jian and Sharma, 2004; Taljaard, 2005).
Impurities, such as P and K contained within the lower-quality
iron-ore have a detrimental effect on the steel-making process,
and steel-making plants charge penalties when purchasing ironore with P and K levels exceeding 0.24% (Yusfin et al., 1999).
In the past, low-quality iron-ore concentrate has been blended
with high-quality iron-ore, in an attempt to ‘dilute’ the P and
K contained within the export iron-ore concentrate of the mine
(Dukino et al., 2000). However, the low-quality iron-ore stockpiles of the Sishen Iron-Ore Mine are increasing, and therefore
it is essential to develop an economically and environmentally
friendly process to reduce the high P and K concentrations of the
iron-ore concentrate.
Micro-organisms could prove to be useful in the removal
of the P and K from the iron-ore, as they may have metabolic
properties, which could enable them to produce acids that may
prove invaluable when applied in industrial practice (Gupta and
Sharma, 2002; Lesniak et al., 2002). It is essential to determine
which micro-organisms are indigenous to the mine environment before strategising how best to employ them to industrial
advantage. Therefore, there has been an increasing interest in the
microbial community of the Sishen Iron-Ore Mine environment.
It is hypothesised that indigenous micro-organisms already
living in the Sishen Iron-Ore Mine environment are capable of
using the P and K in the iron-ore as structural components for
their cell walls and membranes, as well as many other metabolic
processes, such as organic acid production, since the environ* To whom all correspondence should be addressed.
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ment selects for them to do so. The purpose of this investigation was to determine which micro-organisms are indigenously
present in the process- and groundwater of the Sishen Iron-Ore
Mine, as well as to determine the microbial diversity. To date
no information regarding the microbial community of the Sishen
Iron-Ore Mine’s aquatic environment exists.

Experimental design
Sample selection and processing
Process water samples (10 ℓ) were collected in sterile containers
at three different sampling points of the Sishen Iron-Ore Mine.
The sampling points included water from the process dam, water
flowing into the slimes dam, and water flowing from the slimes
dam. In addition, a groundwater sample was collected from a
borehole located within the Sishen Iron-Ore Mine. The samples
were stored at 4°C until processing.
Chemical analysis of the process- and groundwater
The pH and turbidity, as well as the levels of ammonium, hydrogen sulphide, nitrates, nitrites, total phosphorus, potassium, free
chlorine, fluoride, copper, chromium, iron, manganese and zinc
were determined for all water samples by spectrophotometry
using the Spectroquant® Photometer SQ 118 (Merck, Darmstadt, Germany). Spectroquant® test kits (Merck) for each of the
abovementioned parameters were used according to the manufacturers instructions. The pH of the water samples was measured using a Beckman Φ34 pH meter (Beckman Coulter, Inc.,
Fullerton, CA, USA).
Total plate counts of the process- and groundwater
Heterotrophic plate counts of the process- and groundwater of
the mine were conducted using the pour plate method (Health
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