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 ABSTRACT 
 
 The use of Acidithiobacillus ferrooxidans bacteria in the process of lead and iron leaching from 
Anglesite ore obtained from Ikpeshi mining field, Edo State of South Eastern Nigeria was investigated. 
The Acidithiobacillus bacterium was cultivated in a modified Acidithiobacillus medium (Basal salt). The 
elemental analysis and mineralogical purity of the ore were carried out by inductively coupled plasma-
mass spectrometry (ICP-MS) technique and X- ray diffraction (XRD) respectively. The percentage metal 
solubilisation as shown in metal dissolution curve was very low, being maximum (8.0%) at day 5 and 
lowest (2.0%) at day 20 showing decrease in solubilization with increased length of time.  
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Introduction 
 
 There are many processes developed by miners for extracting elements from their ores such as 
roasting and smelting however recently, bioleaching has started to gain recognition as an alternative 
method especially when there are lower concentrations of metals in the ore. Bioleaching is considered an 
efficient and environmentally friendly process and cost effective (Bosecker, 2001). . It involves the use 
of microbes, especially bacteria which act as catalyst  to oxidise metal sulphide crystals into sulphates 
and pure metals (Watling, 2006). Acidithiobacillus ferrooxidans and Acidithiobacillus thiooxidans are 
authotrophic thermoacidophilic archeabacteria tolerant to acidic and hot environments and are mainly 
known for their ability to oxidise elemental sulphur and sulphur containing compounds. currently 
Microorganisms used in commercial bioleaching operations are becoming ubiquitous in nature, 
Wherever a suitable ore is exposed to the surface and water is present, the microorganisms will be found 
occurring naturally. Anglesite is a lead sulfate mineral with the chemical formula PbSO4. It contains 
74% of lead by mass and therefore has a high specific gravity of 6.3. Color is white or gray with pale 
yellow streaks. It may be dark gray if impure. It is a mineral of secondary origin, having been formed by 
the oxidation of galena in the upper parts of mineral lodes where these have been affected by weathering 
processes. Production and consumption of lead is increasing worldwide. Total annual production is about 
8 million tones. According to Schippers and Sand, 1999 two indirect mechanisms were proposed via 
thiosulphate or via polysulphide and sulphur  based on the properties of metal sulphides (MS). The first 
mechanism is based on the oxidative attack of iron (III) ions on the acid-insoluble metal sulphides FeS2, 
MoS2, and WS2 with thiosulphate as an intermediate while the second deals with metal dissolution by the 
attack of ferric ions and or by protons in which case the main sulphur intermediate is polysulphide and 
elemental sulphur according to the illustrations below. this study is aimed at investigating the extraction 
of  Pb(II) from oxidation of  a low- grade Nigerian anglesite ore by a formulated culture medium of 
Acidithiobacillus ferroxidans. 



5592 
J. Appl. Sci. Res., 8(12): 5591-5598, 2012 

 

 
 
Fig. 1: Indirect mechanism of metal sulphide oxidation via thiosulphate and polysulphide pathways. 
 
Materials and Methods 
 
2.1 Material collection and Preparation: 
 
 The Anglesite ore sample used for this study is of Nigerian origin (Ikpeshi mining field, Edo State of 
South Eastern Nigeria) and was collected from the Department of Geology and Mineral Sciences, 
University of Ilorin, Ilorin – Nigeria. The ore sample was finely ground in a mortar and pestle and kept in 
sample bottle until its use. The elemental analysis of the ore samples was carried out using X-ray 
fluorescence (XRF) technique (Philip’s model 120454/3), while the mineralogical purity was examined 
with the aid of Philip’s automatic powder (XRD) diffractometer system (PW1800), contained within a 
single cabinet. The cabinet housed a high speed, a high precision goniometer, a high efficiency generator 
(X-ray) and an automatic sampler. 
 
2.2 Microbial leaching: 
 
 Scrapings obtained from Rust scrap at Motor dump site in , Ilorin, Kwara State, Nigeria  was 
cultured in a modified  9K medium containing FeSO4·7H2O as energy source to obtain the acidophilic 
bacteria. The composition of 9K medium was 3.0 g/L (NH4)2SO4, 0.5 g/L  gSO4·7H2O, 0.01 g/L 
Ca(NO3)2, 5 mol/L H2SO4, 0.5 g/L K2HPO4, 0.1 g/L KCl and 100 mL distilled water Atkinson and 
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Movituna (1991). The pH value of the medium was adjusted to 2.0 by adding dilute H2SO4. The media 
was sterilized by autoclaving at 15 lbs for 10 min. 10 g of ore was added to 100 mL medium. The 
mixture was then shaked in AMPS Gallenkamp Orbital Shaker for 5 days at 100 r/min for effective 
aeration of the organisms. The preparation of Basal salt solid media was carried out according to the 
procedure adopted by Yates and Holmes  (1987). 
 
2.3    Bioleaching Study and Isolation of  Acidithiobacillus ferroxidans: 
 
 The basal salt culture medium of 1 mL was plated on plates containing the solid media and 
incubated at 50 °C  to determine the growth rate of bacteria in the medium .Distinct colonies were 
subcultured onto sterile plates, incubated at 500C and thereafter streaked onto agar slants in McCartney 
bottles after 24hrs of growth Non-inoculated blanks were performed in all cases as negative control. To 
monitor the leaching rate of the ore by A. ferroxidans, the experiment was carried out in a 250ml conical 
flasks containing 40ml of distilled water, 2ml of H2SO4, 5ml of inoculums  and 3ml of broth. 0.5g of the 
grounded ore sample was added into the flask under aseptic technique. Six experimental sample flasks 
were prepared and labelled according to the regular time intervals of 1, 3, 5, 10, 15 and 20 days. The 
flasks were then aerated on a rotary shaker at 116 rpm.  After each completed day interval, the leaching 
solution was autoclaved to sterilize the medium for use in further chemical analyses. The sterilized 
culture medium was filtered using millipore filter paper of size  45 μm. The filtrate from this medium 
was used in the spectrophotometric analysis of lead and iron. 
    
2.4 Analytical methods: 
 
 The elemental and phase characterization of the ore sample was carried out by inductively coupled 
plasma-mass spectrometry (ICP-MS) technique and X–ray diffraction (XRD) respectively. The 
examination of sample microstructure was performed using scanning microscope (Photomicrography). 
The filtrate of the leached sample was analysed for pH value by CRISON micro-pH 2000 and the lead 
and total iron content in the solution was determined by atomic absorption spectrophotometry (AAS). By 
this method, the filtrate of leaching solutions were diluted with sterile distilled water and later the same 
day the amounts of lead and total iron were determined by atomic absorption spectrophotometry (AAS). 
The rates of lead and total iron dissolution were calculated as described in the standard test method for 
determining the rate of bioleaching of iron from pyrite by Acidithiobacillus ferrooxidans (Woranart, 
2003). The calibration curves for each metal were determined using standardised metal solutions. 
 
Results: 
 
3.1 Characterization of Anglesite ore: 
 
3.1.1 Elemental analysis by ICP-MS: 
 
 The result of the elemental analysis by inductively coupled plasma-mass spectrometry (ICP-MS) 
technique of the Anglesite ore is presented in Table 1. It was  evident from the study that the ore exist 
majorly as PbO, SiO2 and S. Other   compounds such as SnO, FeO and CaO ocurred as minor 
compounds in the ore while MgO, MoO, NiO, Al2O3, MnO, ZnO, CuO, Ag2O, CdO, WO and SbO were 
recorded in traces. 
 
3.1.2 Mineralogical purity by XRD: 
 
 The x –ray diffraction reveals a better understanding of the mineral phases present in the ore with 
their respective absorption / intense peaks as shown in Figure 1. The result of this findings showed the 
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the presence of PbSO4 (Anglesite) as the most intense peak. Other compounds identified were SiO2 (α-
quartz), CaO (Calcium oxide),  Cu2S (Covellite), Fe7S8 (Pyrrhotite), FeS2 (Pyrite), ZnCO3 (Wurzite) and 
Ag2O (Silver oxide). All these supported the results of the elemental analysis by ICP-MS. 
 
Table 1: Elemental analysis of Anglesite ore by ICP-MS 

Const FeO SiO CaO MgO MoO NiO Al2O3 MnO ZnO SnO S CuO PbO Ag2O CdO WO SbO 
Cont. 
(%) 

4.3 13.11 13.19 0.96 0.00125 0.0026 0.00237 2.07 1.82 5.13 10.33 1.04 48.36 0.28 0.011 0.00185 0.0043 

Oxygen (O2) = 9.3%, obtained by difference  

 

 
 
Fig. 2: The X – ray spectra of Anglesite ore. 
(1) PbSO4 (anglesite)  (5) CaO (calcium oxide) 
(2) SiO2 (α-quartz)  (6) Cu2S (covellite) 
(3) Fe7S8 (pyrrhotite)  (7) ZnCO3 (wurzite) 
(4) FeS2 (pyrite)                 (8) Ag2O (silver oxide) 
 
3.1.3 Photo-micrographic examination: 
 
 The result of Anglesite ore by photo-micrographic examination is shown in the Figure 2. This 
revealed the presence of PbSO4 (dark black), mixture of pyrite (FeS2) and pyrrhotite (Fe7S8) (pale cream) 
while other colors are traces of other compounds (light brown). Therefore, the result of the photo-
micrographic studies also supported the phase characterization by XRD.  
 
3.2 Microbial investigation and pH determination: 
 
 The appearance of the acidophilic bacterium as observed on a culture plate is shown in plate 1. 
Figure 3 shows the result of the metal solubilisation from the ore during the leaching process. The lag 
phase lasted for 24 hours, after which the percentage rate of metal dissolution reached 4.0%. The rate 
began to level off after 3 days and reached a maximum yield of 8.0% on the 5th day. There was no 
further increase in the amount of total metal concentration before the experiment was terminated after 
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20days. The pH curve (Fig. 3) showed a notable increase in the pH from an initial pH of 2.0 to 8.16 at 
day 1, followed by a slight decrease until the end of the leaching experiment reaching a minimum value 
of 6.48 after 20 days in the leaching solution. 
 

 
 
Plate 1: A reflected light photomicrographs illustrating the nature and appearance of composite grain of 

Anglesite ore (X40). (1) PbSO4, (2) FeS2 or Fe7S8, (3) Other compound.   
 

 
 

Plate 2: Photo of colonial appearance of acidophilic bacteria on a culture plate. 
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Fig. 3: Metal extractions in the bioleaching experiment and corresponding pH. 
 
3.3 Determination of lead and iron concentration: 
 
 The content of lead and total iron concentrations in the solution as determined by atomic absorption 
spectrophotometry (AAS) are presented in Table 2. Lead dissolution appeared to be lower than 1 % (<0.1 
mg/l), whereas iron dissolution was found to be about 1-2 % (<1.2 mg/l). 
 
Table 1: Composition of the filtrates after leaching of Anglesite ore. 

Time (day) Pb (mg/l) Fe (mg/l) 
1 0.00 0.00 
3 0.00 0.00 
5 0.01 0.27 
10 0.00 1.48 
15 0.00 0.01 
20 0.00 0.00 

 
Discussion:  
 
 This work has examined the bioleaching of Anglesite ore by Acidithiobacillus ferrooxidans in 
leaching solution containing broth. The role of microorganisms in the volatilization of metal sulphide is 
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to provide sulphuric acid for a proton attack and to keep the lead in the oxidized state for an oxidate 
attack on the mineral. According to the observation from the study, bioleaching activity of 
Acidithiobacillus ferroxidans was not noticed until  day 5 of the leaching process. Olayemi et al., (2008) 
reported that “microorganisms require nutrients for their metabolic activities of which bioleaching is one. 
Hence the degree of bio-leaching of lead sulphide mineral ore was observed to take a form of the growth 
pattern of microorganisms ( lag, log or exponential, stationary and death phase). Within the first three 
days of  bio-leaching, there was no significant amount of the ore  leached into the medium and this may 
represent the lag phase of growth of the microorganisms. During the lag phase bacteria try to acclamatize 
to growth conditions in the new habitat, it is the period where individual bacterium is maturing without 
significant cell division. Therefore, at the lag phase less of metabolic activities (such as biooxidation) are 
recorded (Olayemi et al., 2008). The low amount of ore leached may therefore  likely correspond to the 
low metabolic activity of the organisms that is supposed to carry out the leaching process. At day 5 
however a slight increase in the amount of ore leached was observed and this may represent the onset of 
the  log phase of growth of microorganisms.  In this phase, the rate of growth of bacterial culture is 
exponential, that is, the number of bacteria appearing per unit time is proportionate to the present 
population. Cells grow rapidly, metabolic activities are greatly increased, which leads to the increase in 
the amount of bio-leached ore, since their activity is expected to increase when the population is 
increasing. Afterwards the efficiency rate of the organisms declined sharply till the end of the experiment 
to a relatively constant amount of ore leached into the medium, this gives an indication of a constant 
population of microorganisms referring to stationary phase. In the stationary phase, competition is 
gradually setting in and the available nutrients are depleting, some cells begin to die and growth rate is 
equal to death rate. The death phase sets in if incubation continues after the population reaches stationary 
phase.This may represent the death phase in which viable cells decrease geometrically and metabolic 
activities of the microorganisms are reduced greatly, this may lead to their loss of function or 
effectiveness in leaching the ore. The highest amount of ore leached was observed at day 5 only. 
 The pH of the bioleaching medium was also determined after each of the days and it was observed 
that the pH of the medium increased within the first day of observation with subsequent slight decrease 
till termination. Although in general the pH of the leaching medium was higher than required by the 
organisms to metabolise effectively since the decrease across the days was insignificant. This may also 
explain the reason for the insignificant oxidation experienced. This is in line with the work of Preston et 
al. (1993) “who reported that A. ferroxidans is a chemolithotrophic acidophilic bacterium which obtains 
its energy by the oxidation of ferrous, sulphur and reduced sulphur compounds and whose activity is 
increased in an acidic environment.” 
 The amount of bio-leached manganese (Pb2+) and iron (Fe2+) was determined by atomic absorption 
spectrometry is also in line with the result in of the oxidation process.ese and iron ion. More lead was 
leached than iron and this may be due to the high solubility of manganese compared with iron. Inorganic 
mineral coverings such as carbonates, sulphates e.t.c., are known to inhibit bioleaching processes 
(Ehrlich, 1995). Thus, the low leaching process of Anglesite ore was probably due to these films 
(carbonates and sulphates); since the surface of the ore was covered with a passive film of PbSO4  which 
made further oxidation impossible. The percentage metal solubilisation as shown in metal dissolution 
curve (Fig.3) also was very low, being maximum (8.0%) at the 5th day and lowest (2.0%) after 20 days. 
Therefore, A. ferrooxidans could not actively leach ore covered with a passive film of sulphate; since, 
PbSO4 is the key factor in the solubilisation of the ore. This also agrees with the finding by Hong-Bo 
zhou et al. (2008). However, the initial metal dissolution observed might be probably by chemical 
leaching as a result of the addition of H2SO4 (Woranart, 2003), as well as, the change in pH (acid to 
neutral) which has been reported to cause the hydrolytic precipitation of iron salts (Malgorzata, 2004). 
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Conclusion: 
 
 The results of leached filtrate analysis indicate that the major composition of leached Anglesite ore  
is lead and iron. However, the experiment suggested that bioleaching by using Acidithiobacillus 
ferrooxidans resulted in an inadequate lead extraction from lead sulphate (PbSO4). It is suggested that 
lead extraction could be improved, possibly  by selecting another bacterial culture that grows at neutral 
pH values such as Acidithiobacillus thioparus and A. dentrificans (Woranart, 2003). Thiobacillus 
thiooxidans, T. thioparus and T. dentrificansi can also be considered. In addition, According to Ehrlich 
(1995) ores containing sulphides or carbonates are not easily  bioleachable by acidophilic bacteria, unless 
such sulphides or carbonates are first removed. This is due to the neutralizing action of carbonate/ 
sulphide, which create an environment in which the pH is too high for the acidophilic bacteria to grow. 
This conclusion was similar to those presented in the paper by Malgorzata (2004) and Woranart (2003). 
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