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1. Introduction1. Introduction
In this study, the oxidative dissolution of arsenopyrite (FeAsS)
and enargite (Cu3AsS4) in an acidic (pH 1.8) environment and in 
the presence of L. ferrooxidans has been investigated. The 
results presented focus on the chemical changes observed at the 
mineral surface, and of the changes in chemistry of the co-
existing aqueous phase.

2. X2. X--ray Photoelectron Spectroscopy ray Photoelectron Spectroscopy 
(XPS)(XPS)
Changes at the mineral surface were investigated using XPS.

For arsenopyrite, a reaction in the absence of L. ferrooxidans
results in oxidation of the surface after 1 week. In the presence of 
L. ferrooxidans, this reaction proceeds to a greater extent with a 
larger proportion of Fe-O present at the surface. However, under 
the same conditions, enargite does not show any change in 
surface chemistry.

3. Aqueous Chemistry3. Aqueous Chemistry
ICP-AES analyses of the aqueous phase demonstrates that all 
elements become more concentrated in the solution with time. 
Greater concentrations of analytes are produced when bacteria are 
present.

4. Environmental Scanning Electron 4. Environmental Scanning Electron 
Microscopy (ESEM)Microscopy (ESEM)
Images of the mineral surfaces were obtained with ESEM.

Images reveal evidence of both abiotic and biotic oxidative dissolution 
of the arsenopyrite surface. An extracellular polymeric substance is 
associated with the L. ferrooxidans cells. Enargite however, shows little 
evidence of dissolution. 
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Figure 1. 1, 2 and 4 week 
XPS Fe2p results from 
pure polycrystalline 
FeAsS reacted 

a) in the absence, and 

b) in the presence of L. 
ferrooxidans

and Cu2p results from 
pure polycrustalline
Cu3AsS4reacted 

c) in the absence, and 

d) in the presence of L. 
ferrooxidans.

Figure 3. ESEM 
images of FeAsS 
reacted for 4 weeks 

a) in the absence 
of bacteria, 

b) in presence of 
bacteria (inset: 
zoomed image of 
cells), 

and images of 
Cu3AsS4 reacted 
for 4 weeks 

c) in the absence of 
bacteria and, 

d) in the presence 
of bacteria.

Precipitates of several, as yet 
unidentified, apparently crystalline 
phases were also observed on the 
arsenopyrite mineral surface in the 
presence of L. ferrooxidans.

Figure 4. ESEM image of crystalline 
precipitates present on the surface of 
FeAsS after 2 weeks.
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Arsenopyrite As3d 
peaks demonstrate a 
shift from As3+ to As5+

when Fe is removed 
from the surface, 
suggesting that L. 
ferrooxidans may be 
oxidising As when Fe 
is depleted at the 
surface. 

Figure 2. As3d 
and Fe3p XPS 
spectra of FeAsS 
reacted in the 
presence of L. 
ferrooxidans for 1, 
2 and 4 weeks. 

Table 1. Concentrations (ppm) of Fe, As 
and Cu leached from 2.5 g of powdered 
mineral into 25 ml of solution.

Table 2. Concentrations of Fe, As and Cu 
expressed as a percentage of the total of 
each element within the minerals.

dissolution results in the creation of an extracellular polymeric 
substance associated with L. ferrooxidans cells and the precipitation of 
crystalline phases. For both minerals, high concentrations of As are 
released into solution, which is of considerable environmental concern 
in regions where As-bearing mine waste minerals are present. 

5. Conclusion5. Conclusion
Leptospirillum ferrooxidans strongly 
influences the oxidative dissolution of 
arsenopyrite. Biotically promoted
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Cu 2p3/2

Fe2+

Arsenopyrite week Fe (ppm) As (ppm)
1 1153.00 476.00
2 976.80 557.10
4 920.90 649.00

1 728.40 362.90
2 763.30 511.70
4 960.20 571.90

Enargite week Cu (ppm) As(ppm)
1 110.30 39.63
2 108.80 39.34
4 303.10 141.10

1 36.10 13.28
2 49.75 18.05
4 234.60 108.00

L. ferrooxidans

Abiotic

L. ferrooxidans

Abiotic

Arsenopyrite week Fe % of total As % of total
1 3.36 1.03
2 2.85 1.21
4 2.68 1.41

1 2.12 0.79
2 2.23 1.11
4 2.80 1.24

Enargite week Cu % of total As % of total
1 0.23 0.21
2 0.23 0.21
4 0.63 0.74

1 0.08 0.07
2 0.10 0.09
4 0.49 0.57
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Abiotic

cells


