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 The culturable heterotrophic microbial and hydrocarbonclastic bacterial bio 

load of a hydrocarbon polluted soil and control soil was evaluated using pour 

plate method. The physicochemical qualities of the soils were determined using 

routine procedures. The identified isolates were screened for their potential 

hydrocarbonclastic activity. The tolerance  of the  bacterial isolates exposed  

varying concentrations of Pb
2+

, Cu
2+

, Hg
2+

, Cd
2+

 and Ni
2+ 

was ascertained using 

agar diffusion method. The mean heterotrophic bacterial  counts of the 

hydrocarbon contaminated and control soils   were 5.6 ×10
3 

 cfu/g and 1.4 × 10
4
 

cfu/g. Microbial isolates identified were; Klebsiella oxytoca, Bacillus subtilis, 

Streptococcus sp., Pseudomonas aeruginosa, Bacillus megaterium, 

Staphylococcus epidermidis, Enterobacter aerogenes, Escherichia coli, 

Arthrobacter sp., Nocardia sp.  Corynebacterium sp., Aspergillus versicolor, 

Aspergillus niger, Mucor mucedo, Penicillium chrysogenum and Penicillium sp.  

Nocardia sp. (83%) had the highest percentage frequency of occurrence. The 

hydrocarbon polluted soil had higher hydrocarbon content in comparison to the 

control soil.  Aspergillus niger exhibited the highest potential for hydrocarbon 

utilization as sole carbon source. There were variations in the susceptibility of 

the bacterial cultures to the concentrations of the heavy metals. There are 

possibilities in utilizing soil microbes as biosensors in the biomonitoring of 

environmental heavy metal pollution. 
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INTRODUCTION 

 

Heavy metals are often defined as a group of metals 

whose atomic density is greater than 5 g/cm3 (Gadd, 

1992).  Metals play a vital role in the metabolic processes 

of the biota. Some of the heavy metals are essential and 

are required by the organisms as micro nutrients (cobalt, 

chromium, nickel, iron manganese and zinc) and are 

known as ‘trace elements’ (Bruins et al., 2000). Nies 

(1999) and Hussein et al., (2005), reported that heavy 

metals are involved in redox processes, act as catalysts in 

enzymatic reactions, and also regulate the osmotic 

balance. While some heavy metals are required in trace 

amounts as nutrients, they become strongly inhibitory for 

microorganisms at relatively low concentrations (Atlas 

and Bartha, 1993). Toxicity occurs through the 

displacement of essential metals from their native binding 

sites or through ligand interactions (Sevgi et al., 2010). 

Nonessential metals bind with greater affinity to thiol 

containing groups and oxygen sites than do essential 

metals. Toxicity results from alterations in the 

conformational structure of nucleic acids 
30

and proteins 

and interference with oxidative phosphorylation and 

osmotic balance (Said and Lewis, 1991). Heavy metals 

concentrations in soil are associated with biological and 

geochemical cycles and are influenced by anthropogenic 

activities such as agricultural practices, industrial 

activities and waste disposal methods (Eja et al., 2003; 

Zauyah et al., 2004). Contamination and subsequent 

pollution of the environment by toxic heavy metals have 

become an issue of global concern due to their sources, 

widespread distribution and multiple effects on the 

ecosystem (Nriagu, 1990).  

Motor vehicle servicing centers popularly known as 

mechanic workshops are sources of automobile wastes in 

the Benin City   metropolis. In these locations, fossil fuel 

products are used leading to excess accumulation of 

various forms of heavy metals. These accumulations 

deteriorate nearby farms and causes non-point source 

pollution (Aiyesanmi, 2005). Wastes from automobile 
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workshop activities include solvent, paints, spent heat, 

transfer fluids, hydraulic fluids, spent lubricants and 

stripped oil sludge (Osu and Okereke, 2010). Most of 

these wastes are dumped on our agricultural soils. 

Microbial survival in polluted soils depends on intrinsic 

biochemical and structural properties, physiological, 

and/or genetic adaptation including morphological 

changes of cells, as well as environmental modifications 

of metal speciation (Wuertz and Mergeay, 1997). Rough 

et al., (1995) categorized mechanisms with which soil 

bacteria are able to detoxify heavy metals. The groups 

include; 1) intracellular sequestration, 2) export, 3) 

reduced permeability 4) extracellular sequestration and 5) 

extracellular detoxification. Almost all known bacterial 

resistance mechanisms are encoded on plasmids and 

transposons (Silver and Walderhaug, 1992) and it is 

probably by gene transfer or spontaneous mutation that 

bacteria acquire their resistance to heavy metals (Osborn 

et al., 1997). 

Rathnayake et al., (2010) stated that many 

approaches have been used to assess the risk posed by the 

contaminating metals in soil and water bodies. Currently, 

the tolerance of soil bacteria to heavy metals has been 

proposed as an indicator of the potential toxicity of heavy 

metals to other forms of biota (Olson and Thronton, 1982; 

Hassen et al., 1998). Consequently, there is a dramatic 

increase in the interest on studying the interactions of 

heavy metals with microorganisms.  The objectives of this 

study were; to isolate and identify the microbial flora of 

the soil samples. Determination of the susceptibilities of 

the bacterial isolates to varying concentrations of the 

metals; lead, copper, mercury, cadmium and nickel. 

Screening of the microbial isolates for hydrocarbonclastic 

activity and evaluating the physicochemical properties of 

the soils. 

 

MATERIALS AND METHODS 
 

Collection of soil samples 

One hundred (100) g of top soil samples recently 

polluted with spent oil and other hydrocarbon fractions 

were collected from different locations at an auto-

mechanic workshop located  in Uwelu Spare Parts 

Market, Benin City, Edo State, Nigeria (Latitude: 6
o
 22’ 

40.7274’’; Longitude 5
o
 35’ 28.788’’) using  a soil auger 

at depths varying  from  0 to 15cm. The soil samples were 

mixed together and dispensed in a labeled clean polythene 

bag (PS). About 100g of  top soil sample was bored from 

a fallow farmland located  near the Faculty of Life 

Sciences, University of Benin, Benin City, Edo State, 

Nigeria (Latitude: 6o 23’ 50.7474’’; Longitude: 5o 36’ 

54.1434’’)  at  depths ranging from  0-15 cm. The soil was 

placed in a labeled clean polythene bag (CS). Sampling 

was conducted during the month of September, 2012. The 

soil samples were immediately transported to the laboratory 

for microbiological and physico-chemical analyses. 

 

Enumeration and isolation of both heterotrophic 

microbial and hydrocarbonclastic bacterial counts 

using general purpose media and modified mineral 

salts medium 
One (1) g  of the respective fresh soil samples (PS 

and CS) were weighed and dissolved into 99 ml of sterile 

prepared peptone water diluent under aseptic conditions 

(Sharma, 2009). Serial fold dilutions were then made up 

to 10
-5

 and aliquots (0.1ml) of each dilution were cultured 

on plates of Nutrient Agar (NA) Potato Dextrose Agar 

(PDA) using pour plate method as described by Sharma 

(2009). Plating was done in duplicates.  The nutrient agar 

plates were incubated aerobically at 35oC for 48 hr. The 

potato dextrose agar plates were incubated at room 

temperature (28
o
C±5

o
C) for 5 days (Sharma, 2009). A 

petroleum based  medium; Modified Mineral Salts Agar 

incorporated with 15 g of agar, 1% crude oil (Carbon 

source) (Amund et al., 1987; Okpokwasili and Okorie, 

1988), was also used for the preliminary isolation of 

petroleum utilizing bacterial cultures  from the polluted 

soil (PS). About 1ml of 10 mg/l Nystatin was added to the 

plates to discourage the growth of fungi (Rice and 

Hemmingsen, 1997). The culture plates were then 

incubated at 35
o
C for 7 days (Kãstner et al., 1995). The 

resultant microbial colonies were enumerated and 

recorded as colony forming units (cfu) per gram of the 

soil sample (Sharma, 2009).  

 

Characterization of the soil microbiota 
Unique representative bacterial and fungal colonies 

were sub-cultured on freshly prepared nutrient agar and 

potato dextrose agar plates. These plates were incubated at 

35°C for 24 hr and room temperature (28±2°
 
C) for 4 days 

for bacterial and fungal cultures respectively (Jaboro, 

2013). The colonial characteristics of the sub-cultured 

bacterial colonies were recorded. The bacterial isolates 

were further identified by the identification schemes of   

Holt et al. (1994) and Cullimore (2000). Isolated bacteria 

were also cultured on nutrient agar slants and stored at 2 
0C.  The sub cultured fungal isolates were identified on 

the basis of their morphological and microscopic features. 

Their microscopic attributes were examined using the wet 

mount technique (Sharma, 2009). Both lactophenol cotton 

blue and distilled water were used respectively as 

mountants. The microscopic structures observed were 

recorded and compared to those stated by Barnett and 

Hunter (1972). The fungal isolates were also transferred to 

potato dextrose agar slants and stored in aerated sterile 

cabinets which served as stock cultures. 

 

Preparation of standard cultures for axenic bacterial 

isolates 
Standard cultures were prepared for the isolates 

adapting the methods of Gerhardt et al. (1994) and Seely 

and Van-Denmark (1981). One hundred (100) ml of 

mineral salt broth was dispensed into each of three 

different conical flasks and inoculated with each purified 

isolate from each stock culture and incubated at 28°C for 

24 hr. After incubation, the cultures were serially diluted 

up to 10
-2 

and 0.1 ml of each was added into sterile plates. 

Cool molten nutrient agar was added to the inoculated 

plates and incubated at 37°C for 24 hr. The plate counts 

were recorded and the values obtained were expressed as 

standard number of cells present in 0.1ml of the broth. 

This was used as the standardized culture. 

 

Physicochemical analyses of the soil samples 

Several physical and chemical properties of the 

various soil samples were determined. With the exception 
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of moisture content analysis, bulk density and water 

holding capacity analysis,  the respective soil samples 

were placed on large wooden trays and air-dried for 72 hr. 

Lumps of moist soil samples were broken by hand prior to 

air drying of the samples. The air dried samples were also 

sieved using a 2mm mesh. Parameters which included 

electrical conductivity, pH, particle size distribution and 

Cation Exchange Capacity (CEC) were determined 

according to methods described by Radojevic and 

Bashkin, (1999).  The Total Organic Carbon (TOC), total 

Nitrogen and Total Hydrocarbon Content (THC) of the 

soil samples were also evaluated in accordance with 

procedures stated by Onyeonwu (2000) and Bremmer and 

Mulvaney (1982). The moisture content, bulk density, 

water holding capacity were determined using procedures 

described by Kalra and Maynard (1991).  The trace metal 

content (Pb, Cu, Cd and Ni) of both soils were determined 

using method described by Radojevic and Bashkin (1999) 

using a Digester (Gerhardt digester, UK) and Atomic 

Absorbance Spectrophotometer (AAS) (Buck Scientific 

model 210 VGP USA). 

 

Determination of the heavy metal susceptibility of the 

bacterial isolates  
Minimum inhibitory concentrations of (MICs) of the 

metals were determined by the Agar diffusion methods 
(Hassan et al., 2008) as described by Velusamy et al., 

(2011). The metals Pb
2+

, Cu
2+

, Hg
2+

, Cd
2+

 and Ni
2+

 were 
used as PbCl2, CuSO4, HgCl2, CdCl2 and NiCl2 salts 

respectively. Stock solution of the metals (100µg/ml) 
were prepared by weighing 40mg (PbCl2), 75mg (CuSO4), 
120mg (HgCl2), 170mg (CdCl2) and 68mg (NiCl2) and 
dissolved in 10ml of sterile distilled water. The solution 

was mixed thoroughly and strengths of 50 µg/ml and 25 
µg/ml were made by double dilution method. These three 

different concentrations (100 µg/ml, 50 µg/ml and 25 
µg/ml) of the respective metals were tested on the 
bacterial isolates and zones of inhibitions (mm) measured 
after 24 hr of incubation using a meter rule. 

 

Screening for the ability to utilize Forcados blended 

crude oil as sole carbon source by the microbial 

isolates 
The microbial isolates were screened for the ability to 

utilize Forcados blended crude oil as sole carbon source 
using mineral salt medium as described by  Mills et al. 

(1978). The method employed was adapted from 
Okpokwasili and Okorie (1988). The medium (9.0 ml) 

was dispensed into 17 test tubes. Into each of the test 
tubes, 1.0ml of the blended crude oil was added. After 

capping, all the test tubes were tubes were sterilized at 
121oC for 15 min and allowed to cool. On cooling, the 

first set of test tubes (11 test tubes) were inoculated with 
0.1 ml of standardized bacterial cell suspension of the 

respective bacterial isolates. The second  set of test tubes 
(5 test tubes)  were inoculated with one agar plug of the 

respective purified fungal isolates (collected with the aid 
of a sterile 4mm cork borer and forceps) (George-Okafor 

et al., 2009). One of the tubes which served as control was 

un-inoculated. All the tubes were incubated at room 
temperature for 14 days after which each tube was scored 

for optical density which indicated the utilization of 
petroleum hydrocarbon. 

RESULTS  
 

The results shown in Table 1 revealed that the mean 

heterotrophic bacterial, fungi and hydrocarbon utilizing 

bacterial counts of soil samples recently contaminated 

with petroleum products (PS) from the auto mechanic 

workshop and that of soil which had no recent 

contamination (CS). The mean heterotrophic bacterial 

counts were 5.6×103 cfu/g and 1.4×104 cfu/g for the PC 

and CS soils respectively. Mean heterotrophic fungi 

counts were 9.2×10
4
 cfu/g and 5.1×10

4
 cfu/g for PS and 

CS soil respectively. Mean hydrocarbon utilizing bacterial 

count for the PS soil was 2.8×10
2
 cfu/g with nil 

hydrocarbon utilizing bacteria isolated from the CS soil 

after the period of incubation.  

Bacterial isolates identified from the soil samples 

were: Klebsiella oxytoca, Bacillus subtilis, Streptococcus 

sp., Pseudomonas aeruginosa, Bacillus megaterium, 

Staphylococcus epidermidis, Enterobacter aerogenes, 

Escherichia coli, Arthrobacter sp., Nocardia sp. and 

Corynebacterium sp. (Fig. 1).  Nocardia sp. (83%) had the 

highest percentage frequency of occurrence amongst the 

identified bacterial isolates while Streptococcus sp. (2%) 

had the least percentage occurrence (Fig.  1). Five (5) 

fungal isolates were also isolated and identified from the 

soil samples, namely; Aspergillus versicolor, Aspergillus 

niger, Mucor mucedo, Penicillium chrysogenum and 

Penicillium sp.  (Fig.  2). Penicillium sp. (47%) had the 

highest percentage frequency of occurrence amongst the 

fungal isolates while P. chrysogenum was the least 

occurring fungal isolate (34%) (Fig. 2). 

 

 
 
Fig. 1: Percentage frequency of occurrence of the bacterial isolates 

 

 

 
Fig.  2: Percentage frequency of occurrence of the fungal isolates 
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Table 1: Mean heterotrophic bacterial, fungal and hydrocarbon utilizing bacterial counts of soil contaminated with petroleum products 

and control Soil 

Soil Sample Mean Heterotrophic 

Bacterial Count (NA) 

Mean Heterotrophic Fungi 

Count (PDA) 

Hydrocarbon Utilizing 

Bacterial Count (MMSA) 

Hydrocarbon Contaminated Soil (PS) 5.6×103 9.2×104 2.8×102 

Uncontaminated Soil (CS) 1.4×104 5.1×104 Nil 

Legend:  NA: Nutrient Agar, PDA: Potato Dextrose Agar, MMSA: Modified Mineral Salt Agar 

 
Table 2: Physicochemical properties of the soil samples 

Legend: PS: Hydrocarbon Contaminated Soil, CS: Uncon- 

taminated Soil 

 

Table 3:  Heavy metal content of the soil samples 

Metals Values (mg/kg) 

 PS CS 

Cu 1.80 0.10 

Ni ND ND 

Pb 0.22 0.10 

Cd 0.10 ND 

Legend: ND: below detectable level, PS: Hydrocarbon 

Contaminated Soil, CS: Uncontaminated Soil 
 

Table 4: Forcados blended crude oil utilizing abilities of the 

microbial isolates 

Microbial Isolates Absorbance at 600nm 

Bacterial  

Bacillus megaterium 0. 324 (+++) 

Staphylococcus epidermidis 0.211 (+++) 

Enterobacter aerogenes 0.103 (++) 

Arthobacter sp. 0.114 (++) 

Pseudomonas aeruginosa 0. 230 (+++) 

Klebsiella oxytoca 0.035 (+) 

Corynebacterium sp. 0.097 (++) 

Klebsiella sp. 0.086 (++) 

Bacillus subtilis 0.048 (+) 

Streptococcus sp. 0.075 (++) 

Nocardia sp. 0(-) 

Fungal  

Aspergillus versicolor 0.016 (+) 

Aspergillus niger  0.682 (++++) 

Mucor mucedo 0.061(+) 

Penicillium chrysogenum 0 (-) 

Penicillium sp. 0.009 (+) 

Control 0 (-) 

Legend: +/-: score for the OD 600 nm reading. 

 

The pH of the PS soil is slightly acidic when 

compared to that of the CS soil which is slightly alkaline. 

The PS soil had a higher conductivity and total 

hydrocarbon content when compared to the CS soil (Table 

2). However, the CS soil had high moisture content than 

the PS soil. The particle size of both soil samples revealed 

that the samples are sandy-loamy (Table 2). The total 

organic carbon and phosphorus content of the PS soil 

were higher than those of the CS soil; however, the CS 

soil had higher nitrogen content than the PS soil. The 

magnesium and calcium content of the PS soils were 

higher than those of the CS soil, with the PS soil having a 

higher cation exchange capacity than the CS soil. The PS 

soil had higher water holding capacity and bulk density 

than the CS soil although there was no marked difference 

between the bulk densities of both soil samples (Table 2). 

Table 3 revealed the results of heavy metal 

concentrations in both the PS and CS soils. The heavy 

metals assayed for were Copper (Cu), Lead (Pb), 

Cadmium (Cd) and Nickel (Ni) (Table 3). It was 

discovered that the PS soil had varying amounts of Cu, Pb 

Cd and Ni (Table 3). The CS soils only showed only trace 

amounts of Cu and Pb only (Table 3).   All the bacterial 

isolates with the exception of Nocardia sp. could utilize 

crude oil as energy source (Table 4). Bacillus megaterium, 

Staphylococcus epidermidis and Pseudomonas aeruginosa 

scored the highest utilization rates. Amongst the fungal 

isolates, Aspergillus niger exhibited the highest potential 

for hydrocarbon utilization while Pencillium chrysogenum 

failed to utilize crude oil (Table 4). The bacterial isolates 

were screened for their ability to tolerate mercury, lead, 

nickel, copper and cadmium at three (3) different 

concentrations of 100 µg/ml, 50 µg/ml and 25 µg/ml 

respectively (Table 5a and 5b). All the bacterial isolates 

exhibited varying degrees of susceptibility towards 

mercury at 100µg/ml and 50µg/ml (Table 5a  and 5b). S. 

epidermidis, Klebsiella oxytoca, E. aerogenes, P. 

aeruginosa, B. megaterium, Streptococcus sp. and 

Nocardia sp. were resistant to mercury at a concentration 

of 25 µ/ml (Table 5a and 5b).  Corynebacterium sp., 

Klebsiella sp. and B. subtilis displayed resistance towards 

lead at 100 µg/ml, 50 µg/ml and 25 µg/ml respectively 

(Table 5a and 5b). The bacterial isolates exhibited varied 

sensitivity against copper at various concentrations; 100 

µg/ml, 50 µg/ml and 25 µg/ml respectively (Table 5a and 

5b). The highest zone of inhibition (27 mm) was 

displayed by B. subtilis against copper (Table 5a). All the 

bacterial isolates were sensitive against Cadmium (100 

µg/ml, 50 µg/ml and 25 µg/ml) and Nickel at a 

concentration of 100 µg/ml (Table 5a and 5b). 
 

DISCUSSION 
 

The microbial counts recovered from the 

contaminated soils were higher than those observed in 

respect of the pristine soil (Table 1). This observation was 

similar to a report by Okereke et al. (2007) which 

recorded higher microbial counts from crude oil polluted 

soils in comparison to non crude oil polluted soils 

collected in Egbema oil field, Ohaji/Egbema Local 

Government Area, Imo State. The microbial bio load 

recorded for hydrocarbon polluted soils obtained within 

the vicinity of the auto mobile workshops could be

Parameters PS CS 

pH 6.9 7.1 

Conductivity (MHOS/cm) 20.7 11.9 

Total Hydrocarbon Content  (mg/Kg) 5600 600 

Moisture Content (%) 76.1 88.9 

Particle Size (%)   

Sand 69.40 82.04 

Clay 26.34 17.94 

Slit 4.26 0.04 

Total Organic Carbon (%) 2.73 0.59 

Nitrogen  (mg/kg) 0.08 0.17 

Phosphorus (mg/kg) 0.55 0.01 

Cation Exchange Capacity (CEC) 3. 09 2.25 

Water Holding Capacity (%) 76.67 55.00 

Bulk Density (g/cm3) 0.99 0.98 
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Table 5a: Susceptibility patterns of the bacterial isolates to varying concentrations of heavy metals (Hg2+, Pb2+, Cu2+, Cd2+ and Ni2+) 

Elements Conc. (µ/ml) Zone of inhibition (mm) 

Bacillus 

subtilis 

Staphylococcus 

epidermidis 

Enterobacter 

aerogenes 

Klebsiella 

oxytoca 

Pseudomonas 

aeruginosa 

Arthobacter 

sp. 

Mercury (Hg2+) 100 25 16 16 8 17 22 

 50 17 12 8 2 6 16 

 25 - 7 - - - 12 

Lead (Pb2+) 100 - 8 4 11 10 7 

 50 - - - 7 6 2 

 25 - - - - - - 

Copper (Cu2+) 100 27 20 16 12 13 16 

 50 20 16 11 8 11 16 

 25 10 12 10 7 9 6 

Cadmium (Cd2+) 100 36 32 29 26 24 26 

 50 31 33 26 20 18 21 

 25 27 25 17 16 13 21 

Nickel (Ni2+) 100 20 24 15 16 19 21 

 50 17 19 11 13 16 17 

 25 16 16 6 10 6 16 

 

Table 5b: Susceptibility patterns of the bacterial isolates to varying concentrations of heavy metals (Hg2+, Pb2+, Cu2+, Cd2+ and Ni2+) 

Elements Conc. 

(µ/ml) 

Zone of inhibition (mm) 

Corynebacterium  sp. Bacillus megaterium Streptococcus sp. Klebsiella sp. Nocardia sp. 

Mercury (Hg2+) 100 16 10 19 26 18 

 50 14 6 11 21 9 

 25 8 - - 16 - 

Lead (Pb2+) 100 - 3 13 - 23 

 50 - - 4 - 12 

 25 - - - - 7 

Copper (Cu2+) 100 16 13 16 12 16 

 50 9 11 12 11 10 

 25 6 9 7 8 5 

Cadmium (Cd2+) 100 27 31 24 28 22 

 50 22 20 19 16 18 

 25 16 16 18 10 11 

Nickel (Ni2+) 100 23 18 20 23 16 

 50 18 10 12 18 - 

 25 11 8 - 14 - 

 

suggestive of the ability of this microflora to thrive and 

proliferate in these environments in spite of the deliberate 

exposure of these soils to varying doses of petroleum or 

its refined products.  The dominance of Nocardia sp. 

amongst the identified microbial isolates (Fig. 1) is in 

tandem with a report by Cullimore (2000) which indicated 

that Nocardia spp. and Arthrobacter spp. are widely 

distributed in soil. He also observed that Arthrobacter 

spp. is known to form the largest non-mycelia component 

in many soils. The microbial isolates identified  from the 

examined soils (Fig. 1 and 2) contrasted  with a report by 

Sarma and  Sarma (2010) who isolated Staphylococcus 

sp., Acinetobacter iwoffii and Enterobacter agglomerans 

from contaminated soils obtained from Joipur oil field in 

South western Assam, India.  

In contrast to the neutral pH recorded for the control 

soil, the contaminated soil sourced from the vicinity of the 

automobile workshop was acidic (Table 2). This 

observation was similar to a report by Ipeaiyeda et al., 

(2007) which stated   pH values which ranged from 6.1 to 

7.2 for top soil samples obtained from five auto mechanic 

workshops located at Iwo town, Osun state. IIembayo and 

Kolade, (2008) stated that high pH might reduce the 

mobility of some metal species down the soil strata while 

low pH values usually enhance metal distribution and 

transport in the soil. The total hydrocarbon content of the 

petroleum polluted soil was higher than that of the control 

soil (Table 2). This could be symptomatic of the 

intermittent anthropogenic discharges of petroleum or its 

refined products on these soils. This trend is similar to a 

report by Liu et al. (2009) which stated a higher 

concentration of petroleum hydrocarbons in crude oil 

contaminated soil obtained from Jidong oil field, Southern 

China in comparison to pristine soil collected from a 

fallow farmland in Southern China.). The organic carbon 

and phosphorus content of the hydrocarbon polluted soil 

was comparatively higher than the value recorded in 

respect of the pristine soil sample (Table 2). This trend 

was in disagreement with a report by Liu et al. (2009) 

who reported higher values for these macro elements in 

pristine soil in comparison to values obtained for crude oil 

polluted soil sample However,  the  nitrogen content of 

the control soil was  comparatively  higher that of the  

hydrocarbon contaminated soil  (Table 2). The relatively 

low concentration of these macro elements in the analyzed 

soil samples would discourage the direct usage of these 

soils for farming purposes. The heavy metal concentration 

of the soil samples was very low (Table 3). However, the 

concentration of the respective heavy metals in the 

uncontaminated soil sample was lower in comparison to 

values recorded for the hydrocarbon polluted soil (Table 

3). This observation is similar to an earlier report by 

Hashem (1995) who reported that the concentration of 

several heavy metals such as lead, iron, cadmium, copper, 
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iron and zinc were comparatively higher in hydrocarbon 

contaminated soil   than levels detected in pristine control 

soil collected from Eastern Saudi Arabia. Ipeaiyeda et al. 

(2007) reported that anthropogenic activities such as 

disposal of waste lubricant oil and auto exhaust emission 

are most likely to be a significant source of heavy metal 

contamination of top soils in the vicinities of auto repair 

workshops.  

Amongst the microbial isolates, A. niger displayed 

the highest biodegradation potentials (Table 4). A. niger 

was able to maximally utilize the inoculated crude oil as 

sole source of energy and carbon (Table 4). The 

hydrocarbonclastic activity of   A. niger strains isolated 

from soils has been reported by George-Okafor et al., 

(2009) and Sebiomo et al. (2011).  

All the bacterial isolates with the exception of 

Nocardia sp. showed resistance against lead (Pb2+) at 

various concentrations; 100 µ/ml, 50 µ/ml and 25µ/ml 

respectively (Table 5a and 5b). This was not surprising, 

given that the bacterial flora of the contaminated soil 

might have been exposed to various types of petroleum 

products, some of which contain lead at various 

concentrations, which are disposed onto these soils within 

the vicinity of auto mobile workshops.  Cadmium (Cd2+), 

Copper (Cu
2+

) and Nickel (Ni
2+

) were toxic to the 

bacterial isolates at varying levels; 100 µ/ml, 50 µ/ml and 

25µ/ml respectively (Table 5a and 5b).  The sensitivity 

exhibited by the bacterial isolates was however 

proportional to the concentration of the heavy metal 

utilized (Table 5a and 5b). This trend was similar to a 

report of Rathnayake et al. (2010) which investigated the 

tolerance of trace metals such as Cd
2+

, Cu
2+

 and Zn
2+

 by 

Paenibacillus sp. and Bacillus thuringeinsis isolated from 

a pristine soil. The sensitivity of B. megaterium to 

cadmium (Cd
2+

) and copper (Cu
2+

) was in disagreement 

with a report by Velusamy et al. (2011) who reported the 

resistance of this bacterium isolated from a petroleum 

polluted soil in Korea to concentrations of 50 and 10 mg/l
-

1
. Nocardia sp. had the least zone of inhibition against 

cadmium at 100 µ/ml concentration in comparison to the 

other bacterial isolates (Table 5a and 5b). It has been 

recognized since decades that soil “actinomycetes” (viz. 

Nocardia, Micromonospora and Streptomyces) were more 

tolerant to this metal than were  the “eubacteria” and that 

gram-negative “eubacteria” (viz. Alcaligenes, Agrob- 

acterium, Chromobacterium, Enterobacter, Proteus, 

Rhizobium) were more tolerant than were gram-positive 

bacteria (viz. Bacillus, Brevibacterium, Corynebacterium 

and  Micrococcus) (Babich and Stotzky, 1977). 

 

Conclusion 

Top soils collected from both the vicinities of the 

fallow farmland (control) and auto mobile workshop 

(hydrocarbon contaminated) contained varying numbers 

of culturable microflora. There were variations in the 

hydrocarbonclastic attributes and tolerance to differing 

concentrations of heavy metals by the individual micro 

organisms. This and future studies should provide some 

insight into heavy metal resistance in bacteria isolated 

from   hydrocarbon  contaminated soil ecosystems (auto 

mobile workshops)  and could  demonstrate the potentials 

of utilizing these microbes in the production of  

biosensors which can be utilized in biomonitoring of  both 

background and anthropogenic environmental  heavy 

metal  pollution. 
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