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Abstract: A laboratory scale study was carried out using Starkey medium to demonstrate the feasibility of using
microbial methods for the bioleaching of heavy metals from contaminated spoils. Acidophilic bacteria,
Acidithiobacillus species were isolated from abandoned dredged spoils that were produced during the
dredging of oil well access canals in the Niger Delta. Two different composite dredged spoil samples were
collected, suspended in Starkey medium and inoculated with the culture of the bacteria for 1-7 weeks. The heavy
metal concentration of the sediment prior to the bioleaching are as follows: copper (121.1 ± 0.30 mg/kg),
cadmium  (130.8±0.53  mg/kg),  chromium  (143±1.00   mg/kg),   nickel   (138.5±0.36   mg/kg),  manganese
(296±2.00 mg/kg) and zinc (131.5 ± 0.50 mg/kg). During the leaching process, the results of the physico-chemical
monitoring show that pH decreased from 3.5 to <2.0, while sulphate, conductivity, redox potential, turbidity,
iron and optical density of the leaching broth increased. The physical observations (colour, turbidity, slime
production, utilization of sulphur crystals) correlated with the physico-chemical measurements. After seven
weeks of bioleaching, the heavy metal recoveries from the spoil 1 are copper (89%), cadmium (100%), chromium
(56%), nickel (81%), manganese (68%) and lead (96%). We therefore conclude that Acidithiobacillus sp isolated
from abandoned dredged spoils have the potential for the bioremediation of heavy metal contaminated dredged
spoils.
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INTRODUCTION involves deepening/widening of existing channel or

Oil exploration in the nearshore areas of the Niger variable amount of waterway bed and/or bank sediments
Delta of Nigeria is often constrained by access difficulties are removed, transported, disposed and abandoned as
due to the meandering nature of the wetland ecosystem. canal banks, which often result in environmental impacts
Typically, access is required for a number of oil including disturbance of algal communities [2], impairment
development activities including seismic exploration, of benthic invertebrates [3] and destruction of
drilling, well completion, construction of production zooplankton [4], alteration of water physico-chemistry [5]
facilities, base camps etc. During drilling, if the proposed and heavy metal pollution [6]. 
wellhead is not accessible by the drilling rig and other Some of the long term impacts of dredging have been
forms of operation, such as directional drilling, are not associated with heavy metal pollution from abandoned
feasible, dredging may be required. Dredging which is dredged spoil, which have been implicated in the pollution
carried out in order to increase access to these wetlands, of both surface and ground water, toxicity and

cutting new access channels [1]. During dredging,
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bioaccumulation phenomena resulting from the leaching MATERIALS AND METHODS
of heavy metals from spoils. Dredge spoils in the Niger
Delta are rich in pyrite (FeS ) and principally contaminated Heavy metal contaminated dredged spoils were2

by  heavy  metals  [6,  8].  Dredging  has   been  reported collected from a dredged canal (5°31”N, 5°31”E) of the
to cause the re-suspension of sediments, which is linked Warri River system in the mangrove swamp of the Niger
to  the  re-mobilization  of  contaminants particularly Delta. Two different composite dredged spoil samples
heavy metals and increasing their bioavailability [9]. Re- were  collected  namely  spoil  1  (matured  spoil i.e. about
suspension of sediment causes the oxidation of sediment 5  years  of  abandonment)  and  spoil  2  (recent  spoil  i.e.
leading to the mobilization of metals into the water body < 4 months of abandonment). The samples were air-dried
[10]. It has been variously reported that sediments are at ambient conditions. They were pounded and sieved
sinks for heavy metals and their disturbance through through 2mm mesh and consequently preserved for
dredging could cause the re-mobilization of metals [11-18]. further analysis. 
The abandonment of unconfined dredged materials in the In order to isolate the mesophilic, chemolithotrophic,
fringes of canals, in the Niger Delta where annual rainfalls acidophilic bacteria of the genus Acidithiobacillus, 1 g of
exceed 2800mm often causes the leaching of metals into spoil sample was suspended in 100ml each of Starkey
the environment, i.e. releasing the metals that were bound medium in Erlenmeyer (shake) flask. The composition of
in the spoils into solution, making them bioavailable, more the medium used was according to Starkey [22] containing
mobile and toxic. These metals are known to accumulate per litre: 0.3g [NH ] SO 3.5g KH PO 0.5g MgSO .7H O,
in selected tissues of the human body and have the 0.25g CaCl .2H O, 0.01g Fe [SO ] .9H O and 10g elemental
potential to be toxic even at minor levels of exposure. sulphur and was adjusted to pH 3.5 using concentrated
Chronic exposure to heavy metals at high enough levels sulphuric  acid.  Starkey medium is a specialized medium
can lead to toxic effects and a variety of healh problems for the isolation of sulphur oxidizing bacteria
such  as  hypertension  in  individuals exposed to lead Acidithiobacillus thioxidans [22] Each shake flask was
and renal toxicity in individuals exposed to cadmium [19]. plugged using cotton wool and incubated at 28 ± 2 °C for

By their very nature, heavy metals cannot be 4 weeks. The cultures were shaken for 1 hour each day at
biodegraded; they can only be transformed from one state 150 rpm (semi-static conditions). Growth was evident by
to another i.e. from a more toxic state to a less toxic state increase in turbidity, colour change of the media and
through the alteration of the valence state. The physical microbial population increase. Cultures (10 ml) were
or chemical technologies that are conventionally used for transferred to fresh medium containing sterile spoils. This
treatment of metal-contaminated sediments is faced with transfer continued until the population of active growing
several  challenges  including the development of toxic Acidithiobacilli was in the order of 10  MPN/ml.
by-products, high energy requirements and high cost of The bioleaching procedure was carried in shake
operations. On the other hand, the microbial method is an flasks [23, 24].Ten grams each of spoils 1 and 2 were
efficient and cost-effective alternative to chemical and weighed into each of a 250 ml conical flask containing 100
physical methods of remediating heavy metal pollution ml each of the Starkey leaching medium. The samples were
problems because of its low demand for energy, material sterilized at 121°C for 30 minutes to remove microbial
and less generation of waste byproduct [20]. Microbial contaminants that could compete with the acidithiobacilli.
leaching often referred to as bioleaching, involves the Each spoil was subjected to batch leaching processes
microbial catalysed acidification and solubilization of using acidithiobacilli inocula. A control set of samples
heavy metals and is one of the promising methods for was prepared without the addition of the bacteria. Each
removing heavy metals from contaminated sediments [21]. shake flask was plugged using cotton wool and incubated
Bioleaching is a process of recovering metals from a solid at 28 ± 2 °C for 4 weeks. The cultures were shaken for 1
matrix into liquid, thus decontaminating the solid matrix, hour each day at 150 rpm throughout the incubation
reducing the volume of the contaminated waste stream, period. Eight pairs of media were prepared two spoil
recovery of the metal for reuse, reduces the risk of heavy samples corresponding to Day 0, 7, 14, 21, 28, 35, 42 and
metal exposures and biavailability. The aim of this study 49. The cultures were incubated at 28° ± 2°C in an
therefore, is to carry out a laboratory scale bioleaching incubator. Samples were collected weekly at each
using indigenous acidophilic bacteria for the leaching of sampling day (0, 7, 14, 21, 28, 35, 42 and 49). Day 0
toxic metals from abandoned spoils in a bioremediation samples were collected after 30 minutes of incubation.
perspective. Samples of leachates (i.e. the liquid phase) were analysed
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for Acidithiobacillus  sp.  population,  redox potential, RESULTS AND DISCUSSION
pH,  turbidity,  optical  density  (at  430 and 660nm),
ferrous iron, sulphate and conductivity. The remaining
samples were digested using HNO /HC1O / H SO  to3 4 2 4

analyse for the total heavy metal extracted into the
solution by the bioleaching process. Heavy metals were
analysed  using  Buck  Scientific  200A  Atomic
Absorption Spectrophotometer (AAS) for copper,
cadmium, chromium, nickel, manganese and zinc [25].

Redox potential and pH were analysed using a
combination platinum/reference (Ag/Agcl) electrode (ATI
Russel,) pH/Eh meter, turbidity was determined using
Hach turbidimeter 2100P, conductivity with
conductivity/TDS meter (Hach CO. 150), sulphate using
turbidimetric method (Hach turbidimeter 2100P) and
optical density (  = 430nm and 620nm) using Hach 4000
Spectrophotometer. The population of Acidithiobacillus
was enumerated using the MPN method in Starkey
medium [26]. 

Metal recovery/leaching efficiency were calculated
using the following equation [27]:

Metal content in leachate
Metal recovery, %  = ------------------------------------------------- × 100

Initial metal content in dredge spoil

The result of a previous study [28] shows that the
spoils are contaminated with heavy metals (Table 1).
Controlled bioleaching procedure was considered to
recover heavy metals from dredged spoils to prevent
environmental contamination and bioaccumulation along
the food chain. During this study, actively growing
cultures of Acidithiobacilli species was isolated from
dredged spoil undergoing natural weathering using
Starkey medium and was used as inocula for the leaching
of metals from dredged spoils under laboratory
conditions. The results of the physico-chemical
monitoring during the leaching is presented in Figure 1,
while the physical observations are presented in Table 2
and the correlation matrix between the parameters
monitored in Table 3. Redox potential was high during the
leaching ranging from 200-400 mV. As the leaching
progresses, the population of actively growing
acidithiobacilli increases (Fig. 2) as well as turbidity, iron
and optical density of the leaching broth. The physical
observations (Table 2) appear to correlate with the
physico-chemical measurements. For instance, the colour
of the media changed from slight brown to yellow of
increasing intensity. Also, as leaching progressed, the
sulphur crystals added to the leaching solution decreased

Table 1: Heavy metal composition of abandoned dredged spoils

Metal (mg/kg) Spoil 1 Spoil 2

Copper 93.3 ± 0.26 121.1 ± 0.30
Cadmium 122 ± 2.00 130.8 ± 0.53
Chromium 95.2 ± 0.20 143 ± 1.00
Nickel 93 ± 0.20 138.5 ± 0.36
Manganese 251.4 ± 0.80 296 ± 2.00
Zinc 118.1 ± 0.78 131.5 ± 0.50

Source: Ohimain et al. [28]

Table 2: Physical observations during leaching of dredged spoil using Starkey’s medium inoculated with culture of Sulphur oxidizing Bacteria

Sampling Day 0 7 14 21 28 35 42 49
-------------------- -------------------- ------------------- ------------------- ------------------- -------------------- -------------------- -------------------

OBSERVATION SPOIL SPOIL SPOIL SPOIL SPOIL SPOIL SPOIL SPOIL SPOIL SPOIL SPOIL SPOIL SPOIL SPOIL SPOIL SPOIL
I II I II I II I II I II I II  I II I  II

Colour of the
leaching medium* SB SB YY Y Y YY Y YY YY YY YY YY YY YYY YY YYY
Turbidity ** + + + + + + + + ++ ++ ++ ++ ++ ++++ ++ ++++
Microbial slime
production *** - - + + + + + + + ++ ++ ++ ++ ++ ++ ++
Sulphur
utilization **** - - + + + + + + ++ ++ +++ +++ +++ +++ +++ +++

* Increasing intensity: SB-Slightly brownish; Y-low; YY-moderate; YYY-high; YYYY-very high
** Increasing turbidity:-none/clear; +low; ++moderate; +++high; ++++very high
*** Increasing slime production: +low; ++moderate; +++high; ++++very high
**** Decreasing elemental sulphur crystals added to the medium (i.e. increasing sulphur utilization)



World Appl. Sci. J., 7 (9): 1105-1113, 2009

1108

Table 3a: Correlation matrix of parameters monitored during the bioleaching of spoil I 

OD@ OD@ Sulphur
pH Turbidity 430nm 660nm Iron Sulphate Potential conductivity Bacteria Cu Cd Cr Ni Mn Zn

pH 1.00
Turbidity -0.67 1.00
OD @ 430nm -0.84* 0.96** 1.00
OD @ 660nm -0.71* 1.00** 0.98** 1.00
Iron -0.81* 0.91** 0.96** 0.94** 1.00
Sulphate -0.91** 0.83* 0.92** 0.87** 0.94** 1.00
Redox Potential -0.75* 0.54 0.69 0.56 0.57 0.55 1.00
conductivity -0.99** 0.63 0.81* 0.67 0.80* 0.90** 0.77* 1.00
Sulphur Bacteria -0.79* 0.92** 0.94** 0.93** 0.94** 0.88** 0.58 0.75* 1.00
Cu -0.92** 0.50 0.68 0.55 0.72* 0.89** 0.49 0.93** 0.63 1.00
Cd -0.93** 0.52 0.70 0.57 0.73* 0.89** 0.53 0.94** 0.63 0.99** 1.00
Cr -0.90** 0.48 0.66 0.54 0.72* 0.87** 0.48 0.91** 0.61 0.98** 0.99** 1.00
Ni -0.91** 0.43 0.62 0.48 0.63 0.82* 0.53 0.92** 0.55 0.97** 0.98** 0.98** 1.00
Mn -0.97** 0.60 0.77* 0.65 0.80* 0.91** 0.62 0.97** 0.75* 0.96** 0.96** 0.96** 0.95** 1.00
Zn -0.94** 0.53 0.71* 0.58 0.74* 0.89** 0.54 0.94** 0.64 0.99** 1.00** 0.99** 0.98** 0.98** 1

* Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)

Table 3b: Correlation matrix of parameters monitored during the bioleaching of spoil II 

OD@ OD@ Sulphur
pH Turbidity 430nm 660nm Iron Sulphate Potential conductivity Bacteria Cu Cd Cr Ni Mn Zn

pH 1.00
Turbidity -0.58 1.00
OD @ 430nm -0.71* 0.96** 1.00
OD @ 660nm -0.66 0.93* 0.93** 1.00
Iron -0.06 -0.39 -0.35 -0.46 1.00
Sulphate -0.82* 0.73* 0.83* 0.84* -0.07 1.00
Redox Potential -0.46 -0.52 -0.64 -0.43 -0.17 -0.65 1.00
conductivity -079* 0.57 0.69 0.68 0.22 0.95** -0.69 1.00
Sulphur Bacteria -0.55 1.00** 0.96** 0.91** -0.41 0.70* -0.53 0.54 1.00
Cu -0.82* 0.67 0.78* 0.85** -0.16 0.96** -0.56 0.89** 0.63 1.00
Cd -0.80* 0.77* 0.85** 0.92** -0.27 0.96** -0.52 0.85** 0.74* 0.98** 1.00
Cr -0.85* 0.67 0.79* 0.82* -0.09 0.97** -0.63 0.92** 0.63 0.99** 0.97** 1.00
Ni -0.85* 0.79* 0.88** 0.90** -0.13 0.98** -0.63 0.91** 0.76* 0.97** 0.98** 0.98** 1.00
Mn -0.81* 0.81* 0.89** 0.93** -0.20 0.96** -0.60 0.88** 0.78* 0.98** 0.99** 0.97** 1.00** 1.00
Zn -0.78* 0.52 0.65 0.63 0.12 0.88** -0.68 0.88** 0.50 0.88** 0.84* 0.92** 0.87** 0.85** 1.00

* Correlation is significant at the 0.05 level (2-tailed)
** Correlation is significant at the 0.01 level (2-tailed)

(indicating increasing utilization by the bacteria), production reduced with the increase of solids
coinciding with progressive increase in turbidity, concentration, due to the buffering capacity of mine
microbial slime production and colour intensity of the tailing solids [30] and the solubilization of heavy metals
leaching medium. During the leaching, pH decreased from from contaminated sediments is governed by the sediment
3.5 to <2.0, suggesting increasing acidity, which is more pH [29].
than fifteen fold decrease since pH values are in logarithm In this study, pH exhibited inverse relationship with
scale. Results of a previous study showed that a temporal all the parameters tested. For instance, pH correlated
change of pH in the bioleaching process was effected by strongly though negatively with sulphate, conductivity
the buffering capacity of the sediment particulates [29]. and all the heavy metals tested indicating that the
The rates of pH reduction, redox rise and sulfate observed  increase  in  sulphate  and  conductivity during
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Fig. 1: Changes in pH, redox potential, conductivity, turbidity, sulphate, iron and optical density during bioleaching
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Fig. 2: Changes in population density of Acidithiobacilli (MPN/ml) during bioleaching of dredged spoil

(a) Spoil 1

(b) Spoil 2

Fig 3: Leaching efficiencies of heavy metals from dredged spoils inoculated with Acidithiobacilli

the bioleaching is closely linked to sulphur oxidation to manganese (68%) and lead (96%). The leaching
sulphate, which increased the conductivity. In addition to efficiencies of spoil 2 were slightly higher (Fig 3). 
being correlated strongly with the population of sulphur In similar bioleaching experiments, other researchers
bacteria and sulphate, the heavy metals strongly have obtained various leaching efficiencies for the
correlated among themselves, thus suggesting that they different heavy metal depending on several factors
are influenced by a common phenomenon i.e. the including the initial sulphur content of the media, aeration,
bioleaching process. According to Erhlich [31] and Gadd type of reactor used, dynamics of the reaction whether
[32], the process of biological oxidation and reduction of static or with rotation, reaction time, percentage substrate
sulphur compounds in the biosphere are closely related to concentration, the partitioning and speciation of the metal
the mobilization and immobilization of metals in in the sediment [20, 29, 33, 34]. Liu et al. [35] obtained
biogeochemical cycles. After seven weeks of bioleaching, 97.54% Zn, 97.12% Cu and 44.34% Pb from mine tailings
the heavy metal recovery from spoil 1 are; copper (89%), after 13 days at 2% w/v substrate concentration. Chen
cadmium (100%), chromium (56%), nickel (81%), and Lin [20] reported 97-99% of Cu, 96-98% of Zn, 62-68%
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of Mn, 73-87% of Ni and 31-50% of Pb metal recovery in the bioleaching process and not the particle size. The
from the sediment after 8 days of bioleaching. Zhao et al. rates of pH reduction, sulfate production and metal
[36] in a bioleaching experiment recovered the metals from solubilization increased with increasing specific surface
sewage at a sludge concentration of 10 g/L with the area of the particles [39]. 
efficiency of 76.36% Cr, 90.8% Ca and 98-100% for Zn, Cu,
Mn, Cd, Mg. In another study, after 16 days of CONCLUSION
bioleaching at 28 °C and an initial pH of 3.0, 99% of Zn,
65% of Cr, 74% of Cu, 58% of Pb and 84% of Ni can be Abandoned dredged spoil in the Niger Delta continue
recovered from sludge [37]. Xiang et al. [38] obtained the to act as point source of heavy metal pollution.
following metal solubilization efficiency after 10-16 days Bioleaching processes occurs naturally during the
of reaction: Zn 83%, Cr 55%, Cu 92%, Ni 54% and Pb 16%. weathering of the dredged spoils though at much slower
The results of another study show that 98.08% Zn, rates due to factors such as nutrient depletion, oxygen
96.44% Cu and 43.52% Pb could be removed from mine limitation (especially within the spoil heaps) and the
tailings by the bioleaching experiment after 13 days at 1% clayey nature of the spoils; thus polluting the
(w/v) solids concentration [30]. Chen and Lin [21] environment if not addressed. The isolation and
recorded 85-95% solubilization of heavy metals (Cu Zn, enrichment of indigenous Acidithiobacillus sp. for
Mn, Pb, Ni and Cr) during the bioleaching. Chen et al. [39] enhanced bioleaching can be used to recover the metals
reported the solubilization efficiencies of heavy metals in from the spoil prior to abandonment in a bioremediation
the range 95-96% for Cu, 72-81% for Zn, 16-60% for Pb perspective.
and 10-47% for Ni during a bioleaching experiment. The
result of this study is comparable to these previously ACKNOWLEDGEMENT
reported leaching efficiencies for all the metals except
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