Cr(VI) generation during sample preparation of solid samples –
A chromite ore case study
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Abstract
South Africa holds more than 70% of the world’s viable chromite ore reserves and produces ~46.2% of the world’s high
carbon ferrochrome. It was recently reported that beneficiated South African chromite ores contained significant amounts
of Cr(VI). If this is true, it could have serious consequences for South African chromite mines and the local environment.
Currently none of these mines make any provision for Cr(VI) leaching from their mined ores. The data obtained in this
study proved that the Cr(VI) content of chromite samples is influenced by the sample preparation technique employed prior
to chemical analysis, more specifically, that pulverising of chromite samples in a normal atmospheric environment resulted
in Cr(VI) formation. No Cr(VI) was liberated when pulverising was conducted in an inert atmosphere. The presence of
Cr(VI) in South African chromite ores therefore seems unlikely. The results also suggest that the perceived threat of Cr(VI)
contamination of groundwater and surface water, originating from chromite ore stockpiles, is improbable.
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Introduction
Chromium generally exists in 2 oxidation states in the environ
ment, i.e. Cr(III) and Cr(VI). Cr(VI) is generally regarded
as a carcinogenic, whereas Cr(III) is not (IARC, 1997). It is
therefore important to differentiate between these 2 common
oxidation states of chromium.
Since its discovery in 1798, chromite has remained the
only commercially-recoverable source of chromium (Niagru,
1998; Cowey, 1994; Riekkoal-Vanhanen, 1999). It is generally
accepted that South Africa holds between 74% (Cowey, 1994)
and 80% (Riekkoal-Vanhanen, 1999) of the world’s viable
chromite ore reserves. The South African chromite reserves
are situated within the Bushveld Complex (Howat, 1994).
This geological phenomenon consists of an enormous saucerlike intrusive igneous mass, which extends for about 400 km
from east to west and roughly the same distance from north to
south. It is located in the central and western parts of the South
African Highveld (Howat, 1994).
Chromite is primarily utilised for the production of ferrochrome, which is a crude alloy produced during the pyrometallurgical carbo-thermic reduction of chromite (RiekkoalVanhanen, 1999). Ferrochrome is mostly utilised for the
manufacturing of stainless steel, which is a very important
alloy in modern-day living. According to the 2007 production statistics of the International Chromium Development
Association, South Africa produced approximately 46.2% of
the world’s Charge Chrome (which is the most common ferrochrome grade, containing typically 48.5 to 53.5% chromium)
(ICDA, 2008).
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It is commonly assumed that chromite contains only Cr(III)
(Gu and Wills, 1988). In a recent article by Mandiwana et al.
(2007), the Cr(VI) contents of samples collected from different stages of the production process at a ferrochrome smelter
in South Africa were reported. It was found that ‘chromium
ore’ contained 0.38 to 0.44 µg∙g-1 of Cr(VI), while ‘lumpy
ore’ contained 0.62 to 0∙76 µg.g-1 (Mandiwana et al., 2007).
Although the actual meaning of the term ‘chromium ore’
was not specified by the above-mentioned authors, it can be
assumed that metallurgical grade ore was implied. Due to the
friability of the South African chromite ores, it is common to
only recover 10 to 15% lumpy ore (15 mm < typical size range
< 150 mm) and 8 to 12% chip/pebble ores (6 mm < typical size
range < 15 mm) during the beneficiation process employed
after chromite mining. The remaining ore would typically be
in the < 6 mm fraction, which would usually be crushed and/
or milled to < 1 mm and then upgraded utilising typical gravity
separation techniques (e.g. spiral concentrators) to ~45% Cr2O3
content. This upgraded < 1 mm ore is commonly known as
metallurgical grade chromite ore.
If hexavalent chromium is present in South African chromite ore, it could have serious consequences for chromite
mines and the local environment. None of these mines currently make any provision for water-soluble Cr(VI) leaching
from their ores. The beneficiation processes employed (e.g.
spiral concentration) are water-intensive and would contribute
to the mobilisation of soluble hazardous compounds, if present.
After beneficiation, the ore stockpiles are not placed on any
specially constructed lining systems that would prevent leaching of hazardous water-soluble materials such as Cr(VI) into
the groundwater.
However, in the above-mentioned paper (Mandiwana et
al., 2007) it is stated that ‘The samples were air-dried and
homogizised by grinding in a IKA A11 milling system to a
grain size less than 200 µm.’ It has previously been reported
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