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Abstract:

Introduction: Indiscriminate dumping of spent oils enriched with heavy
metals has led to increase in heavy metals load in the soil. Heavy metals
exert toxic effects on biodegradation of organic pollutant in co-
contaminated soil and there is need to find suitable strategies for their
removal.

Aim: The aim of this study was to assess the heavy metals resistance
capability of indigenous Bacillus species in hydrocarbon polluted soil to
nickel (Ni), Cadmium (Cd), Lead (Pb) and Chromium (Cr).

Materials and Methods:

Heavy metal tolerant bacteria were isolated from hydrocarbon polluted
soil using Luria-Berthani agar supplemented with the respective metals
and spread plate techniques. The isolates were putatively identified on
the basis of their colonial morphology and biochemical characteristics
and their antibiotics susceptibility pattern were evaluated using disc
diffusion method.

Results: The maximum tolerable concentration (MTC) of the four heavy
metals to the selected isolates was 2 mM. Four bacteria isolates able to
withstand the MTC were putatively identified as Bacillus subtilis, Bacillus
megaterium, Bacillus laterosporus and Bacillus polymyxa. Out of the four
Bacillus species, only B. laterosporus did not show multiple tolerance to
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1. INTRODUCTION

The continuous growing demands for oil and other oil-
related products have led to increasing severity of
petroleum hydrocarbons pollution. In Nigeria, one of
the foremost producers of crude oil, soil and water
pollution with petroleum hydrocarbons has been
worsened by the nonchalant and uncontrolled disposal
of hydrocarbons into the environment [1]. Hydrocarbon
polluted sites are usually co-contaminated with heavy
metals such as nickel (Ni), cadmium (Cd), lead (Pb)
and chromium (Cr) among other metals in trace
concentrations. With reference to Chevron (Nig.) Ltd.,
every litre of crude oil extracted from Nigeria oil wells
contain not less than 4.0 mg of nickel. Heavy
metals are naturally occurring metals having an atomic
number greater than 20 with a density greater than 6 g
cm-3and a molecular weight greater than 53 [2,3].

Heavy metals and hydrocarbons are two of the most
dominant and potentially harmful pollutants in various
countries [4]. Anthropogenic activities emanating from
the use of petroleum products has led to introduction
of the metal components into the environment. This
raises the toxicity limits of the metals permissive for
faunas, floras, microbiota, and consequently imparting
the public health [5]. Exposure of human to heavy
metals has been reported to cause growth inhibition,
cancer, nervous system and organ damage as well as
death. Heavy metals exert their toxic effects on
bacterial species by reducing their population,
diversity, alteration in morphological structure, change
in conformation of nucleic acids and proteins. They
also cause inhibition of enzyme activity, disruption of
membrane functions and oxidative phosphorylation as
well as alteration of the osmotic balance of the
bacterial cells [6, 7].

Petroleum hydrocarbons and heavy metals produce
synergistic effect in soils that exacerbate the toxicity
and damage to the environment, making treatment
more difficult [8]. Unlike organics, heavy metals are
stable and persistent contaminant of the environment
since they cannot be degraded and they also frustrate
bioremediation strategies of hydrocarbon polluted soil
and water [9, 10]. Hence, the accumulation of metals
in soil presents a health risk for people and other living
things in soil and water near the polluted sites [11].

Despite the toxic effects of high metals concentration
on microbes, Bacteria have however been able to
tolerate the presence of metals and use them for their
growth. Bacteria inhabiting metal polluted soils have
evolved various mechanisms to tolerate metal stress.

These mechanisms include the efflux of metal ions
outside the cell, intracellular accumulation of the metal
and reduction of the metal ions to a less toxic state
(12,14). Various genera of heavy metal tolerant
bacteria such as Bacillus, Athrobacter, Pseudomonas,
Micrococcus and Enterobacter, have been previously
reported (13,17,42).The relationship between microbes
and metals forms the basis for bioremediation of

metals using microbes. Bacteria that are resistant to
heavy metals also play an important role in
biogeochemical cycling of metal ions [12]. The use of
microorganisms for decontamination of soil and water
in polluted sites has gained more attention. Most
biological heavy metal remediation approaches rely on
the detoxification and immobilization of the metal to
reduce the biological toxicity and to retard metal
transport [13, 14]. Biological transformation of metals
is a significant detoxification mechanism that is carried
out by different bacterial species. The action of
bacteria on heavy metal may also result in changes in
valency and/or conversion of HM into organometallic
compounds that are volatile or less toxic [15]. Although
there are many reports of tolerance of Bacillus spp to
high metals concentration in different polluted sites,
only few reports [18] exist in literature on isolation of
metal tolerance Bacillus spp.from hydrocarbon polluted
sites.

This study therefore aimed to isolate and identify
Bacillus spp tolerance to Ni, Cd, Pb and Cr in
hydrocarbon polluted soil which can be use as
inoculants in immobilization of heavy metals from such
environment.

2. MATERIALS AND METHODS

2.1. Collection of Soil Samples

Composite surface soil samples were collected from
Lagos State University (LASU), Faculty of Science
power generating plant soil that lies between longitude
3°E12'02.9” and latitude 6°27°55.9”’N. This site is
known to be chronically contaminated with diesel,
engine oil, exhaust soot and other hydrocarbons for
more than 15 years. The samples were collected at a
depth of 15 cm with sterile trowel. Samples for
physicochemical and heavy metals analysis were
collected in polyethylene bags, while those for
microbiological studies were kept in sterile sample
bottles. Samples were transported to the laboratory
and treated within 4 h.

2.2. Physicochemical properties and heavy metal
contents of the soil sample

The pH of the soil samples was determined with a pH
meter (Jenway 3051) in 1:1 soil solution in distilled
water. The moisture content of the sample was
determined using the gravimetric method previously
described by Odu et al [19]. The total hydrocarbon was
extracted from the soil using n-hexane:
dichloromethane solvent systems (1:1) and the extract
was analyzed using GC-FID. Conventional aqua regia
(a mixture of 32% HCI and 55% HNO:s in a ratio of 3:1)
was used to extract the heavy metals (Pb, Ni, Cr and
Cd) in the sample as described by [20, 21]. One gram
of the soil sample was weighed into a beaker and 10
ml of aqua regia was added and the resulting mixture
was evaporated to near dryness in a water bath
maintained at 110°C. Another 15 ml of aqua regia was
added to the mixture after which it was then
evaporated to near dryness. One molar HNO3z was
added to the mixture and the extract was filtered using
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acid washed Whatmann no. 42 filter paper. The filtrate
obtained was used to determine the concentrations of
the four heavy metals in the sample using atomic
absorption spectrometry (PerkinElmer, Canada).

2.3. Microbiological analysis of the soil sample

The total heterotrophic bacterial and fungal counts
were enumerated by plating aliquots (0.1 ml) of
appropriate diluted soil samples on nutrient agar and
acidified potato dextrose agar containing streptomycin
(12 mg/100 ml), respectively. Likewise, the population of
hydrocarbon-utilizers was estimated on mineral salts
medium (MSM) formulated by Katsner et al. [22]. The
medium contained ( in g/l ) NazHPOa, 2.13 g; KH2PO4,
1.30 g; NH4CIl, 0.50 g and MgS0O4.7H20, 0.20 g.
Sterile trace element solution (1.0 ml/l) of Bauchop and
Elsden [23] was aseptically added to the medium after
sterilization. The pH of the medium was adjusted to 7.2
and 5.6 respectively for bacterial and fungal
estimations. The MSM was also fortified with nystatin
(50 pg/ml) for bacteria and streptomycin (10 ug/ml) for
fungi. Sterile crude petroleum served as the sole
carbon and energy source and was made available to
the cultures through vapour-phase transfer [24]. Plates
were counted after incubation at room temperature (27
+ 2.0°C) for 5 to 7 days.

2.4. Chemicals and stock solution of heavy metals
The heavy metal salts (CdCl2.H20, Pb(NOs)2, CrCl2
and NiCl.6H20) used were purchased from Sigma-
Aldrich Corp (St. Louis, MO, USA). All other chemicals
were of analytical reagent grade.

One molar stock solutions of Cd, Ni, Pb and Cr were
prepared by dissolving adequate amounts of
CdCl2.H20, Pb(NOs)2, CrCl2 and NiCl.6H20 separately
in deionized water and sterilized using 0.22 um pore-
size sterile filters (Millipore Corporation, Bedford,MA,

USA) and the solutions were stored at 4°C. All plastic

and glassware used were acid-washed in 2 N HNO3
and thoroughly rinsed several times with deionized
water before use to avoid metal contamination.

2,5. Isolation and selection of Heavy Metal Tolerant
Bacteria

The metal tolerant bacteria were isolated using agar
dilution method as described by Kannan and
Krishnamoorthy [25]. Morphologically distinct bacterial
isolates were selected and inoculated on Luria
Berthani agar plates supplemented with 0.5 mM
concentration of each metal solution and the plates
were incubated at (27 + 2.0°C) for 72 hours and
observed for growth. Bacteria able to grow in the
presence of the 0.5 mM metal solutions were noted
and further inoculated into 1 mM concentration of the
respective metals and incubated for growth at the
same conditions. Distinctive bacteria colonies
observed on the cultured plates were picked and
subcultured on the same medium for further
experiment.

2.6. Determination of Maximum tolerable
concentration (MTC) of metals

The bacterial strains able to tolerate the 1 mM
concentration of the metals were further streaked on

increasing concentrations (1.5 mM, 2.0, 2.5 and 3 mM)
of the four metals. The MTC was determined when the
isolate failed to show growth on the plates after three
days of incubation. All experimental set-ups were
prepared in duplicate.

2.7. Maintenance and Identification of Isolates

Pure colonies of the selected isolates growing on LB
plates were harvested with sterile inoculating loop,
pooled and transferred to glycerol nutrient broth (1:1
v/v) medium. The resulting mixture was shaken well to
homogenize and preserved at -20°C for further
studies. The isolates were identified on the basis of
their colonial morphology, cellular and biochemical
characteristics as described by Cowan and Steel’s
Manual [26].

2.8. Determination of Antibiotic Resistance

The bacterial isolates were tested for susceptibility to
10 different antibiotics (Abtek Biologicals Limited,
United Kingdom) using disc diffusion method. The
antibiotics tested were Septrin SXT (30 ug),
Chloramphenicol CH (30 pg), Sparfloxacin SP (10 pg),
Ciprofloxacin CPX (10 pg), Amoxacillin AN (30 pg),
Gentamycin CN (10 pg), Augmentin AU (30 pg),
Perfloxacin PEF (30 pg), Tarivid OFX (10 pg),
Streptomycin S (30 pg).

The antibiotics discs were placed on Mueller Hinton
agar plates previously seeded with cell suspension
with a turbidity of 0.5 McFarland standards. The plates
were incubated at room temperature (27 + 2.0°C) for
24 h and observed for zones of inhibition. The zones of
inhibition were measured and scored with reference to
the National Committee for Clinical Laboratory
Standards [27].

3. RESULTS

3.1. Physicochemical and Microbiological analysis
of Soil Samples

The physicochemical and microbiological properties of
the polluted soil are shown in Table 1. The total
petroleum hydrocarbon content of the polluted soil is
474.6 mg/kg. As shown in Fig. 1, aromatic and middle
range aliphatics hydrocarbon fractions such as
acenaphthylene, anthracene, anthraquinone, nC14-
tetradecane had high peak value as compared with
lighter fractions such as hexane, benzene, pentane
and heptane fractions. The pH was slightly acidic
(6.09) with moisture content of 10%. Heavy metal
analysis showed that the soil was also contaminated
with Pb, Ni, Cd and Cr.

The microbial load of the polluted soil shows a total
heterotrophic bacterial (THB) and fungal counts (THF)
of 6.6x108fu/g and 1.2x10%cfu/g respectively.
Additionally, the total hydrocarbon utilizing bacteria
(THUB) and fungi (THUF) are 7.9x10%cfu/g and
2.0x102 cfu/g respectively.
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Table 1. Physicochemical and microbiological analysis
of soil sample.

Parameters Value
pH 6.09
Moisture (%) 10.3
TPH (mg/kg) 474.64

Cadmium (mg/kg) 1.58

Lead (mg/kg) 76.72
Chromium 15.41
(mg/kg)

Nickel (mg/kg) 4.28
THB (cfu/g) 6.6 x 108
THF (cfu/g) 1.2 x 10*
THUB (cfu/g) 7.9x10*
THUF (cfu/g) 2.0 x 10?

TPH: Total petroleum hydrocarbon, THB (Total
heterotrophic bacteria), THF (Total heterotrophic
fungi), THUB (Total hydrocarbon utilizing bacteria),
THUF (Total hydrocarbon utilizing fungi)
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Fig 1. Gas chromatographic traces of n-hexane extract
of hydrocarbon contents of the polluted soil. The
hydrocarbon components were separated on 30 m
long HP-5 column (internal diameter, 0.25 mm; film
thickness, 0.25 um) in a Hewlett Packard 5890 Series
Il gas chromatograph equipped with flame ionization
detector (FID).

3.2. Isolation and determination of MTC of the bacterial
isolates

A total of 28 culturable bacteria showing distinct colony
characteristics like size, pigmentation, opacity, texture,
form, elevation and margin surface were isolated from
the composite soil sample. Out of these, twelve
isolates able to withstand 0.5 mM concentrations of the
four metals were selected and screened further on
higher concentration of the metals.

At the end of the screening process, the highest
concentration of the four metals that some of the
isolates could tolerate was 2 mM. Two (16.7%) of the
isolates were able to grow at 2 mM concentration of Ni,
while 3 (25%) isolates was recorded for Cd and 6
(50%) was noted for Cr. Lead recorded the highest
tolerance of 8(66.7%). Thus, the pattern of tolerance
showed by the bacteria isolates to the four heavy
metals was Pb> Cr > Cd > Ni as shown in Table 2.

Table 2: Concentrations of heavy metals at which the
different bacterial isolates were able to grow.

Highest concentration of heavy metals at which
bacteria were able to grow in (mM)

Isolate Cd Cr Ni Pb
HD-1 2.0 2.0 15 2.0
HD-2 1.0 1.0 1.0 2.0
HD-3 0.5 2.0 0.5 1.0
HD-4 1.5 2.0 2.0 2.0
HD-5 2.0 2.0 2.0 2.0
HD-6 0.5 0.5 0.5 0.5
HD-7 2.0 2.0 1.5 2.0
HD-8 0.5 1.0 1.0 1.0
HD-9 1.0 1.0 1.0 2.0
HD-10 0.5 0.5 0.5 0.5
HD-11 0.5 1.0 1.0 2.0
HD-12 0.5 2.0 1.0 2.0

At the end of the screening process, four out of the
twelve isolates HD-1, HD-4, HD-5 and HD-7 with
highest tolerance to the tested metals were selected
for further study. The morphological and biochemical
characteristics of the four isolates selected are shown
in Table 3. All the isolates were creamish in color,
Gram positive rod and motile spore formers. They
were all positive for catalase, oxidase, nitrate, casein
and gelatin hydrolysis but negative for coagulase,
indole and methyl red test. They all ferment glucose,
lactose and sucrose and unable to ferment galactose,
raffinose and maltose and were putatively identified as
Bacillus subtilis, B.megaterium, B.laterosporus and
B.polymyxa.
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Table 3: Biochemical characteristics of Isolates

approach for removal of heavy metals for
environmental and human health preservation.

Test HD-1 HD-4 HD-5 HD-7

Catalase + + + + Table 4: Antibiotic susceptibility patterns of bacteria
Oxidase + + + +

Indole - - - - Antibiotics HD-1 HD-4 HD-5 HD-7
Motility + + + +

Methyl red - - - -

Voges + - + + -

Prc?skauer Septrin R S R R
Citrate + - - + .

utlilization Chloramphenicol R R R R
Urease - + - -

activity Sparfloxacin R S S S
Starch + + - +

hydrolysis Ciprofloxacin S S S S
Casein + + + + .

Gelatin + + + + Amoxicillin R S S R
hydrolysis .

Spore + + + + Gentamycin R S S R
Nitrate + + + + _

reduction Augmentin R S S R
Coagulase - - - - '

Glucose + + + + Perfloxacin S R S S
Sucrose + + + +

Lactose + + + + Tarivid S S S S
Fructose + + - -

Mannitol + + + + Streptomycin R R S R
Maltose - - - -

Raffinose - - - -

Xylose + + - - R: resistant; S: susceptible

Galactose - - - -

Putative BS BM BL BP Recent advances in bioremediation of co-
identity contaminated environments have focused on the use

BS: Bacillus subtilis, BM : Bacillus megaterium,
BL: Bacillus laterosporus, BP: Bacillus polymyxa
+: Positive response; - : negative response

3.3. Antibiotic susceptibility patterns of isolates
The susceptibility patterns of the four Bacillus isolates
to various antibiotics tested are shown in Table 4. All
the isolates were susceptible to ciprofloxacin, tarivid
but resistance to chloramphenicol. Out of the four
Bacillus spp. only B. laterosporus did not show multi
drug resistance. B. subtillis was resistance to 7 out of
the 10 antibiotics tested while B. polymyxa recorded
resistance to 6 and B. megaterium to 3 antibiotics as
shown in Table 4.

4. DISCUSSION

Contamination with oil spills and other hydrocarbons is
a persistent and widespread pollution problem
ravaging almost all compartments of the environment
and imposing serious health implication and ecological
disturbances [28,29]. Crude oil is a complex mixture of
hydrocarbons in different proportions depending on the
source. Heavy metals such as Pb, Cr, Cd and Ni,
among other metals in trace concentrations, have
been reported to be associated with crude oil. Heavy
metals may inhibit biodegradation of organic pollutants
in co-contaminated soil and water environments;
hence there is urgent need for suitable bioremediation

of metal-resistant bacteria to reduce bioavailable
heavy metal concentrations [10].

The present study determined the soil pH, moisture
level, total petroleum hydrocarbon, concentration of
Pb, Cd, Cr, and Ni present in petroleum hydrocarbons
polluted soil and the MTC of the metals by selected
heavy metals tolerant bacteria strains. The
concentration of TPH observed in this study is higher
than the regulatory limits of 50 mg/Kg recommended
limit set by Department of petroleum resources (DPR)
(30) in Nigeria which signifies high level of pollution.
The preponderance of aromatics fractions of the TPH
compared to their aliphatic counterparts could be as a
result of weathering of the pollutant due to the
combined effect of chemical and physical factors such
as volatilization, photo-oxidation, chemical-oxidation,
thus leaving behind the more recalcitrant aromatic
fractions. The soil pH (6.09) recorded shows that the
soil is slightly acidic which implies that the heavy
metals present in the sample will be labile as heavy
metal mobility increases under acidic conditions [16].

The metal analysis of the samples showed that the
polluted soil was evidently co-contaminated with heavy
metals. The metal levels recorded were below the
target and intervention values stipulated for Nigerian
soils except Cd that recorded 1.58 kg that is higher
than the target value of 0.8 kg but still fall within the
intervention value of 17 kg recommended by DPR [30].
This is of great concern as cadmium is one of the
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metals that are toxic at very low concentration. It
exerts its toxic effects on microbes by interacting with
calcium and zinc metabolism. It also cause various
effects on the functional activities of the microbes
[31,32].

The tolerance ability of the four Bacillus strains:
Bacillus subtilis, Bacillus megaterium, Bacillus
laterosporus and Bacillus polymyxa observed in this
study is not surprising. Previous studies have indicated
the extensive distribution and tolerance ability of
Bacillus spp in various heavy metals contaminated
environments. Hookom and Poochoa [33] reported
isolation of Bacillus spp from agricultural soil and
Industrial water in Mauritius and the isolates were able
to grow in the presence of high concentration of Pb.
Oyetibo et al [34] also established the heavy metal
tolerance ability of Bacillus spp. from sediments of
creek polluted with petroleum cuts and industrial waste
waters from Ikeja Industrial Estate, Lagos, Nigeria. The
isolates showed tolerance to the high concentrations of
Co and Ni encountered at the polluted sites. Cadmium
tolerant Bacillus species were also reported from
contaminated soil samples [35, 36]. In contrast to this
study, Mustapha et al. [37] reported the dominance of
heavy metal tolerant Microbacterium spp. in
hydrocarbon polluted soil. The ability of Bacillus spp. to
form spores in nutrients limiting environments makes
this genus self-sustainable bioremediation agent. The
four Bacillus species selected in this study showed
multiple tolerance to the four metals tested. Multiple
tolerances are common phenomena among heavy
metal tolerant bacteria. The metal tolerance ability of
the bacteria could be as a result of metal binding
metallothioneins (MTs) which form complexes with
metals or due to an efflux P-type ATPases [31].
Bacteria with multiple tolerances to metal ions have
also been reported by several researchers, including
multiple metal resistance by Bacillus spp. isolated from
platinum and gold mine tailings in South Africa [16;
38]. Bacteria usually display numerous genetic and
physiological mechanisms to withstand the toxic
effects of metal ions. A number of processes such as
efflux systems, bioaccumulation and biosorption by cell
biomass, biotransformation, alteration in cell
morphology and oxidation reactions have been
attributed to bacteria tolerance to heavy metals
[6].These mechanisms could be utilized for
detoxification and removal of metal from the
environments [39]. Efflux pumps has been identified to
be the best-known mechanisms of nickel resistance in
microorganisms [40]. Chromium tolerance by the
isolates could be due to biotransformation processes
that involve conversion of toxic form of a metal to a
nontoxic form. For example, bacteria tolerance to Cré*
toxicity has been reported to be by conversion of Cré*
to the less toxic form Cr3* through enzymatic reduction
[13].

This study also recorded multi-drug resistance in all
three out of the four isolates which shows co-
occurrence of heavy metal resistance with antibiotic
resistance. This finding is in conformity with previous
reports [41, 42, 43]. Exposure of bacteria to heavy
metals may result in the acquisition of resistance to
different types of antibiotics due to the increased

selective pressure in the environment. This is because
genes responsible for bacteria tolerance to heavy
metals are often located together with antibiotic
resistance genes on mobile genetic elements. Under
conditions of metal pressure, metal and antibiotic
resistance in microorganisms possibly help them to
adapt faster by the spread of resistant factors than by
mutation and natural selection [44]. The multi-drug
resistance recorded by the isolates is a serious
concern. This is because the various antibiotics
resistance genes of the isolates can be spread to non-
resistant bacteria populations in the soil through
horizontal gene transfer which can subsequently be
transferred to humans.

5. CONCLUSION

This study showed co-existence of heavy metal in
petroleum products polluted generator house soil and
the presence of bacteria that can tolerate the stress
imposed by these two important pollutants in the
polluted soil. Relationship between heavy metal
tolerance and antibiotics resistance were also seen in
the four selected Bacillus spp. isolated from the
sample. These isolates are potential soil inoculants in
overcoming the inhibitory effects of heavy metals on
biodegradation of hydrocarbon in co-contaminated
environments. Further research is needed to
determine the mechanisms of the Bacillus spp
tolerance to the metals which can be exploited for the
treatment of heavy metals in the environments.
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