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Abstract South Africa and Russia are the world’s leading platinum group elements
(PGE) producers with over 80 % of the global PGE output. Studies performed in the
Bushveld Igneous Complex in South Africa and on the Kola Peninsula in Russia
show that PGE mining and production activities are important regional PGE
sources. Elevated PGE concentrations have been found in snow, soil, road dust,
grass, moss and humus collected near PGE mining and production sites. The
occurrence of elevated PGE concentrations near mining sites raises concern over
environmental effects and exposure of the local population. Studies on the occurrence of PGE in remote environments also suggest that emissions from PGE
production activities contribute to the global biogeochemical cycle of the PGE. The
loss of PGE during metal production could be as much as 5 % of the global supply
and represents a substantial economic loss. Studies on the impact of PGE mining
and production activities are few. Further research is needed to better assess the
environmental impact of PGE emissions from mining and production activities.

1 Introduction
Studies on the environmental relevance of the platinum group elements (PGE) have
until now largely focused on urban and roadside environments where elevated PGE
concentrations have been reported as a result of automobile catalyst emissions
(Ravindra et al. 2004; Rauch and Morrison 2008). Although metal production
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Fig. 1 PGE production
estimates by country for 2013
(Data Johnson-Matthey 2013)

activities are recognised to be an important source of metals into the environment
(Nriagu and Pacyna 1988; Dudka and Adriano 1997), PGE emission from mining
and production activities have only received little attention. Recent studies performed in remote environments indicate however that additional PGE sources
contribute to the global biogeochemical cycles of these element and metal production activities have been suggested as a potential source of PGE into the
environment (Barbante et al. 2001; Rauch et al. 2005; Moldovan et al. 2007; Rauch
et al. 2010; Sen et al. 2013).
PGE are present at trace concentrations in the Earth’s upper continental crust
(Peucker-Ehrenbrink and Jahn 2001) and economic recovery is only possible at a
few sites where PGE concentrations are sufﬁciently high. PGE are mined from
primary deposits where they are typically in igneous minerals and associate to other
elements (e.g. Cu and Ni) in igneous rocks, and secondary deposits formed by
erosion and relocation of PGE in pure metallic form. Primary deposits, such as the
Bushveld Igneous Complex (BIC) in South Africa and the Norilsk/Talnakh complex
in Russia, account for most of the PGE production. It is estimated that 179 tons Pt,
197 tons Pd and 22 tons Rh were produced in 2013, and South Africa and Russia
accounted for 82 % of the global PGE production (Fig. 1). The remaining 18 % were
mainly produced by Canada, the USA and Zimbabwe (Johnson-Matthey 2013).
This chapter summarizes current knowledge on PGE emissions from PGE
mining and production activities in South Africa and Russia, as well as their
contribution to the global biogeochemical cycles of the PGE.

2 Impact of PGE Mining in South Africa
2.1 Mining Areas
South Africa is the world’s largest PGE producer with 72 % of Pt production, 37 %
of Pd production and 80 % of Rh production in 2013 (Johnson-Matthey 2013). South
Africa’s PGE resources are located in the Bushveld Igneous Complex (BIC) in the
Northern part of the country (Fig. 2). The BIC is the world’s largest maﬁc-ultramaﬁc
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Fig. 2 Map of the Bushveld Igneous Complex with the location of mines (M1–M6) in the Rauch
and Fatoki (2013) study

intrusion with an area of 65,000 km2 and 75 % of the world’s Pt resources (Cawthorn
1999). Mining has until recently concentrated on the shallower Merinsky Reef in the
western limb of the BIC because of higher grade, lower chromite content and easier
access to mining sites. Increasing demand and decreasing reserves are now resulting
in the exploitation of the deeper Upper Group 2 (UG2) chromitite layer and of the
eastern limb of the BIC. In 2006 mining of UG2 was expected to represent as much
as 60 % of the total ore processed in the BIC and 18 % of the production was
expected to take place in the eastern limb (Johnson-Matthey 2003). Processing
plants and smelters are operated in both the Western and Eastern Limbs of the BIC.

2.2 Platinum Concentrations in the Vicinity of PGE Mines
in the BIC
Elevated Pt and Pd concentrations in the BIC were ﬁrst reported in the context of
geochemical mapping. Concentrations exceeding 180 ng Pt g−1 and 99 ng Pd g−1
were found in soil in the BIC and mining operations were suggested as a possible Pt
and Pd source (Wilhelm et al. 1997). Potential PGE emissions by mining activities
in the BIC were however not investigated further.
Elevated Pt concentrations have been reported near selected mines (M1–M6 in
Fig. 2) in the BIC (Rauch and Fatoki 2013). Platinum concentrations in topsoil
ranged from 9.9 ± 0.7 ng g−1 near an underground shaft to 653 ± 40 ng g−1 near a
PGE smelter (Fig. 2). In comparison, Pt concentrations in the BIC were 4–250
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Fig. 3 Pt concentrations in top soil collected at a background site, near PGE mines (M1–M6) and
in villages located near mine M4 (Data Rauch and Fatoki 2013)

times larger than Pt concentrations at a background site. The observed variation in
Pt concentrations is attributed to the type of activity in the direct vicinity of the
sampling point and indicate that smelters are more important Pt sources than mining
from underground shafts or ore processing (Fig. 3).
Pt was found to be enriched in ﬁne particles (<125 µm) near the smelter, whereas
a more even particle size distribution was found at the processing plant (Rauch and
Fatoki 2013). Ore processing essentially consists of milling and separation by
ﬂotation, and may therefore only result in the emission coarse particles. In contrast,
smelting involves high temperature processes that may result in the formation of
ﬁner particles.
Elevated Pt concentrations were also found in grass collected at mine M4 and in
nearby towns with the highest concentration (256 ± 122 ng g−1) measured near the
smelter at mine M4. Exposure experiments in the lab showed that uptake from
contaminated soil is relatively limited and the occurrence of PGE in grass is
therefore attributed to deposition of Pt-containing aerosols.

2.3 Platinum Concentrations in South African Road Dust
Road dust was collected in four South African cities to assess the relative importance of automobile catalysts and PGE production activities (Rauch and Fatoki
2010). Average Pt concentrations in road dust ranged from 4 ng g−1 in Cape Town
to 223 ng g−1 in Rustenburg (Fig. 4) with a minimum concentration of 2 ng g−1
along highway N2 in Cape Town and a maximum concentration of 391 ng g−1 at
Mandela Street in Rustenburg. The results show that automobile catalysts are a
minor source of Pt into the South African environment with relatively low
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Fig. 4 Average Pt concentration in road dust collected in South African cities (Data Rauch and
Fatoki 2010)

concentrations at high trafﬁc sites in Cape Town and Port Elizabeth. Rustenburg is
located in the Western Bushveld and elevated Pt concentrations are associated with
PGE mining and production activities. Elevated Pt concentrations in Pretoria relative to Cape Town and Port Elizabeth indicate that Pt emitted in the BIC is
dispersed at regional scale. Pretoria is located 150 km East of Rustenburg.

3 Impact of PGE Mining in Russia
3.1 Mining Areas
PGE production in Russia dates back to the early nineteenth century when alluvial
deposits were discovered in the Ural Region. Today, Russia is the world’s second
largest PGE producer and the largest Pd producer with 14 % of Pt production, 41 %
of Pd production and 12 % of Rh production (Johnson-Matthey 2013). PGE production activities are located at 5 sites across the country (Fig. 5).
The Norilsk/Talnakh site on the Taimyr Peninsula in Northern Siberia accounts for
most of Russia’s PGE production. PGE at Norilsk/Talnakh occur in large sheets of
PGE-containing copper-nickel ores associated with a sequence of igneous intrusions.
PGE occur in massive sulphide ores, copper-rich ores and disseminated ores and are
produced along with copper and nickel. While the Norilsk/Talnakh deposit is larger
than the Bushveld Igneous Complex, PGE grades vary widely. Lower grade nickelcopper ores with PGE by-products are produced on the Kola Peninsula. Concentrating
and smelting operations are performed at both the Norilsk/Talnakh and the Kola
Peninsula sites (Johnson-Matthey 2004; Reimann and Niskavaara 2006).
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Fig. 5 Map of Russia with PGE mining districts (adapted from Johnson-Matthey 2004)

Platinum is also produced from Koryak and Kondyor, two alluvial deposits in
the far Eastern regions of Russia. Alluvial platinum deposits in the Urals are still
being mined, but account for a small fraction of Russian PGE production (JohnsonMatthey 2004).

3.2 Platinum Concentrations in the Vicinity of PGE Mines
on the Kola Peninsula
The Norilsk/Talnakh area and the Kola Peninsula are heavily polluted by metal
production industries (Blacksmith Institute 2013; Zhulidov et al. 2011; Reimann
et al. 1998). Studies on PGE contamination in Russia have only focused on the
Kola Peninsula; there is no published information on the contamination levels at the
Norilsk/Talnakh site, despite higher production levels.
Elevated PGE concentrations have been reported in O-horizon soil near the Ni
reﬁnery in Monchegorsk, the Ni smelter in Nikel and the Cu–Ni ore roasting plant
in Zapolyarnij (Niskavaara et al. 2004; Reimann and Niskavaara 2006). The highest
concentrations (218 ng Pt g−1, 656 ng Pd g−1) were found near the Monchegorsk
reﬁnery, which processes PGE-rich ores from the Norilsk/Talnakh deposits,
whereas local Pechenga ores with lower PGE contents are process in Nickel and
Zapolyarnij (Reimann and Niskavaara 2006). Average concentrations of 49.6 ng Pt
g−1, 187.6 ng Pd g−1 and 1.4 ng Rh g−1 have been reported in topsoil near the
Monchegorsk plant (Boyd et al. 1997). In comparison, median concentrations of
0.62 ng Pt g−1 and 0.45 ng Pd g−1 have been reported in O-horizon soil in
the European Artic (Finland, Norway, Russia) (Reimann and Niskavaara 2006).
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Fig. 6 Satellite images of the Rustenburg (South Africa, a) and Norilsk (Russia, b) areas showing
the proximity of mining operations to human settlements (marked in blue). Images reproduced
from Google Earth
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PGE concentrations in snow were found to be in the range <1–650 ng Pt l−1,
<1–2770 ng Pd l−1, <0.5–19 ng Rh l−1 near the Monchegorsk, Nikel and
Zapolyarnij plants). The highest concentrations were found at the Monchegorsk
plant (Gregurek et al. 1999).
The PGE concentration pattern in soil and snow is similar to that of processed
ores, suggesting that PGE are emitted in the form of ore dust. The PGE concentration pattern in soil reﬂects that of Talnakh ores processed at the Monchegorsk
plant, whereas concentration pattern in snow suggest that both Norilsk and
Pechenga (Kola Peninsula) ores contribute to elevated PGE concentrations on the
Kola Peninsula. PGE concentration patterns in soil and snow samples also indicate
that there is no preferential leaching or redistribution of emitted PGE (Boyd et al.
1997; Gregurek et al. 1999).

4 Implication of PGE Emissions by Mining and Production
Activities
4.1 Environmental Impact and Human Exposure
The occurrence of elevated PGE concentrations has no proven environmental
impact, possibly due to limited data on chronic effect. Although the occurrence of
PGE in grass (Rauch and Fatoki 2013) and moss (Reimann and Niskavaara 2006)
near PGE production sites is likely due to atmospheric deposition, it is known that
PGE emitted by automobile catalysts can be bioaccumulated (Moldovan et al.
2001; Ek et al. 2004; Haus et al. 2007). Data on the occurrence of PGE in biota near
PGE production sites is lacking. In addition, PGE mining and production activities
are important point sources of SO2 and heavy metals (Blacksmith Institute 2013;
Zhulidov et al. 2011; Reimann et al. 1998; Boyd et al. 2009). Severe environmental
degradation has been observed around the Russian PGE production sites (Zhulidov
et al. 2011) and Norilsk is considered to be one of the most contaminated places on
Earth (Blacksmith Institute 2013).
Some of the main PGE mining and production sites are located in the direct
vicinity of human settlements. Rustemburg (ca. 550,000 inhabitants in the Local
Municipality), Norilsk (ca. 175,000 inhabitants) and Monchegorsk (ca. 45,000
inhabitant) are located within a few km of mines, smelter and reﬁneries (Fig. 6). PGE
emissions and occurrence of elevated PGE concentrations in the environment raise
concern over exposure of the local population. Elevated Pt concentrations were
found in soil and grass in two towns located within a few kilometres from mine M4
in the BIC (Rauch and Fatoki 2013). Platinum concentrations in soil in Town A
(1 km North of the smelter) and Town B (3 km SW of the smelter) were 73 ± 61 and
109 ± 48 ng g−1 in 2008, respectively. The mining companies are also the main
employers in these cities, resulting in a combination of both environmental and
occupational exposures for many inhabitants. Potential toxic effects at high concentrations include sensitization, mutagenic effects and increased tumor incidence.
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4.2 Global Impact of PGE Emissions from Mining
Increasing PGE concentrations in remote environments have been attributed to
anthropogenic PGE emissions (Barbante et al. 2001; Rauch et al. 2005; Moldovan
et al. 2007; Rauch et al. 2010; Sen et al. 2013). Atmospheric back trajectories
indicate that PGE in Central Greenland and in the French Pyrenees partly originate
from mining districts in Russia (Rauch et al. 2005; Moldovan et al. 2007). PGE
ratios further suggest that anthropogenic PGE deposition in Greenland is the result of
emissions from both automobile catalysts and PGE production activities (Rauch
et al. 2005). However, studies at the PGE mining and production sites on the Kola
Peninsula show that PGE concentrations decrease with increasing distance from the
production sites and the prevailing wind direction (Gregurek et al. 1998, 1999).
Background Pt and Pd concentrations are reached within 200 km from smelters
(Reimann and Niskavaara 2006). Differences may be explained by a stronger
inﬂuence of the geogenic background in the samples collected in the Kola Peninsula.

4.3 Economic Loss and Recovery
PGE emission by mining and production activities corresponds to a loss of
resources. It is estimated that 2.2 tons Pd (1.1 % of global production) and 0.8 tons
Pt (0.5 % of global production) were emitted yearly by the Monchegorsk smelter in
the mid 1990s (Reimann and Niskavaara 2006). Emission rates at the Monchegorsk
smelter indicate that global emissions could represent over 5 % of Pt and Pd
production (>10 tons Pd yr−1 and >9 tons Pd yr−1). In contrast, Pt and Pd emissions
estimated using Cu emissions rates from Cu-Ni production (Pacyna 1984) amount
to 0.3–0.7 metric tons per year. Although these numbers are approximate, the
emission rates indicate substantial economic losses. Measured PGE concentrations
in soil near the smelters in South Africa and Russia also indicate that it would be
possible to recover part of the emitted PGE. More detailed feasibility studies should
be made to determine the area from which PGE could be recovered.

5 Conclusion
PGE mining and production industries are important local PGE sources. Elevated
PGE concentrations have been reported near mining and production operations in
South Africa and Russia, raising concern over exposure of the local population and
environmental degradation. While the emission of PGE may represent a substantial
economic loss, environmental levels near PGE smelters indicate that it would be
possible to recover PGE from contaminated soil. There is also some indication that
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PGE emissions from PGE production operations contribute to the global biogeochemical cycle of these elements. Studies on PGE emission from mining and
production activities are few; there is for instance no published data for the Norilsk/
Talnakh operations. Further studies are needed to determine emission rates and
assess environmental contamination at local, regional and scales.
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