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ABSTRACT 

The performance of a mixed population of hydrocarbon-degrading microbes in removing hydro-

carbon contaminant in water was investigated using a fixed bed bioreactor system. The hydro-

carbon-degrading microbes used for the study were isolated from oil-contaminated soil and fur-

ther cultured in a nutrient medium. Sample concentrations of 500 mg/L, 1000 mg/L, 2000 mg/L 

and 6000 mg/L were studied. Each sample concentration was studied at loading rates of 0.5 L/

min, 1.0 L/min, and 2.0 L/min for a week. Total petroleum hydrocarbon (TPH), pH, tempera-

ture, dissolved oxygen (DO), conductivity and the microbial population density were measured to 

ascertain the progress of microbial degradation of the oil contaminant in the water. A minimum 

degradation rate of 36.83±0.00 % was achieved at the least administered loading rate of 0.5 L/

min at 1000 mg/L oil concentration. Maximum degradation rate of 93.85±0.00 % was also 

achieved at loading rate of 1.0 L/min at the highest oil concentration of 6000 mg/L. The mini-

mum and maximum degradation rates were achieved at microbial populations of 1.53E+13±0.00 

and 1.50E+13±0.00, respectively. The hydrocarbon degradation occurred in an optimum pH 

range of 6.63±0.20 and 7.32±0.11 and a temperature range of 27.3±0.76 and 29.9±0.41 °C. 

INTRODUCTION 

Oil products are transported to places all over 

the world by ship, rail, truck, and pipelines. 

Unfortunately, because of the large volumes of 

petroleum hydrocarbons produced and subse-

quent releases during transport, use and storage, 

such as in underground pipelines or storage 

tanks, petroleum hydrocarbons have become 

one of the most prevalent contaminants of wa-

ter resources (Balba et al., 1998a, 1998b; Cas-

tro-Gutiérrez  et al., 2012). In most developing 

countries, several gallons of waste engine oil 

(lubricating oil) are generated daily from me-

chanic workshops and automobiles and dis-

charged carelessly into the environment 

(Adegoroye, 1997; Adelowo et al., 2006). Out 

of this only a liter is enough to contaminate one 

million gallons of freshwater (USEPA, 1996; 

Adelowo et al., 2006). Apart from this, used 

engine oil constitutes a potential threat to hu-

mans, animals and vegetation. Thus, the pres-

ence of these pollutants in the terrestrial and 

aquatic environments constitutes public health 

and socio-economic hazards (Edewor et al., 

2004; Okerentugba and Ezeronye, 2003; 

Adelowo et al., 2006). 
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In Ghana, several mechanic workshops, filling 

stations and washing bays are springing up with 

most of these workshops being sited close to 

water bodies and major drainage systems 

thereby making these water bodies and drain-

age systems vulnerable to petroleum contami-

nation. Of particular concern is the indiscrimi-

nate and careless discharge of oil products par-

ticularly used motor oil from these workshops 

into nearby water bodies and drainage systems. 

Moreover with the recent oil discovery in 

Ghana, the environment of Ghana is prone to 

contamination by hydrocarbons or oil products, 

which may find their way into the environment 

through several routes. Therefore, oil leakages 

from pipelines, garages, underground storage 

tanks, natural seepages and stranded oil spills 

(both off-shore and on-shore) during transpor-

tation, exploration, and production are likely 

problems to be encountered with the exploita-

tion of the oil in Ghana. Remediation of these 

polluted sites following the conventional engi-

neering approaches based on physicochemical 

methods is both technically and economically 

challenging. Bioremediation that involves the 

capabilities of microorganisms in the removal 

of pollutants is the most promising, relatively 

efficient and cost-effective technology 

(Nilanjana and Preethy, 2011). Additionally, 

bioremediation is considered to be one of the 

best approaches for restoring hydrocarbon con-

taminated soils and wastewater because the 

technology is environmentally benign 

(Moliterni et al., 2012). Despite the high poten-

tial of microbes to biodegrade oils in the envi-

ronment, little studies have been conducted in 

the area locally. Therefore, the goal of this 

study was to investigate the removal of hydro-

carbon contaminants in water using indigenous 

hydrocarbon-degrading microorganisms in a 

fixed bed bioreactor. 

 

MATERIALS AND METHODS 

Selection of Biofilm Support Material 
Hollow bamboo chips of about 2-3 inches in 

size were used as biofilm support material. The 

bamboo chips were dried for three weeks and 

0.95 kg of the bamboo chips was packed into 

each bioreactor. 

 

Construction of Bioreactors 
Eight bioreactors each with a volume of about 

0.009 m3 were constructed using a six (6) inch 

polyvinyl chloride (PVC) pipe as shown in Fig. 

1. Each bioreactor was approximately 50 cm in 

height and 15.24 cm in diameter. Each bioreac-

Fig. 1:  Arranged bioreactor set up 
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tor was sealed at one end with a plastic mate-

rial. Inlet and outlet holes were created on the 

lid and at the sealed bottom or end of each bio-

reactor for influent and effluent discharges re-

spectively. 0.95 kg of the bamboo chips occu-

pied 1/3rd of the volume of each bioreactor and 

were held in place with a cylindrically molded 

wire mesh.  

The eight bioreactors used were sorted into two 

groups; namely R1A, R2A, R3A, and R4A as set A 

and R1B, R2B, R3B and R4B as set B.  The four 

reactors in each set were connected in series to 

one another. The two sets were arranged in 

parallel with bioreactor set B serving as a repli-

cate of bioreactor set A as shown in Fig. 1. The 

first three bioreactors and their replicates were 

aerated using an aquarium air pump making 

them aerobic and the last two (R4A and R4B) 

bioreactors being anaerobic. The idea was to 

make sure that substances that were not de-

graded aerobically would be removed in the 

anaerobic bioreactors. 

 

Preparation of Nutrient (mineral) Medium 

A nutrient medium containing the essential 

nutrients (potassium, magnesium, sodium, 

phosphorus and ammonium salts) required by 

microorganisms for their growth was prepared 

by dissolving 2.0 g of Na2HPO4.2H20, 0.8 g of 

KH2PO4, 0.2 g of MgSO4 and 1.8 g of (NH4)

2SO4 in 1L of distilled water  (Soriano & 

Pereira, 1998; Fei-Baffoe, 2003). 

 

Preparation of Culture of Hydrocarbon-

Degrading Microbes 

Hydrocarbon-degrading microorganisms used 

for the study were isolated from oil-

contaminated soil taken from a mechanic work-

shop in Kumasi, Ghana. The microbes were 

further cultured in a nutrient medium and fed 

with the used oil.  
 

Procedure  

5 g of the homogenized oil-contaminated soil 

sample was weighed and 50 ml of distilled wa-

ter added after which the mixture was gently 

swirled. 1000 ml of distilled water was then 

inoculated with 40 ml of the supernatant result-

ing from the oil-contaminated soil and water 

mix. 25 ml of nutrient (mineral salt) medium 

was then added to the mixture followed by 5 

drops of used motor oil. The mixture was then 

incubated at 37oC for a week. 

 

Acclimatization of Hydrocarbon-Degrading 

Microbes in the Bioreactors  

1000 ml of the cultured hydrocarbon-degrading 

microbes were discharged onto the support 

material in each bioreactor. Sample (oil + wa-

ter) concentration of 250 mg/L was pumped 

through the system at a flow rate of 0.5 L/

minute for a week to allow the microbes to ac-

climatize to conditions within the bioreactors. 

 

Studied Oil Concentrations and Loading 

(Flow) Rates 

Four sample concentrations were studied to 

determine their effect on the rate of lubricating 

oil degradation by the hydrocarbon-degrading 

microbes. Sample (oil + water) concentrations 

of 500, 1000, 2000 and 6000 mg/L were pre-

pared and applied at various loading rates of 

0.5, 1.0 and 2.0 L/min. Each sample concentra-

tion was studied for a week. The loading rates 

were achieved by adjusting a regulating knob 

on the water pump. 
 

Operation of Bioreactor Set Up 

A 0.5 hp (horse power) water pump was used in 

driving the sample (water + oil) in the storage 

tank (15 L) through the bioreactors and eventu-

ally back into the storage tank (Fig. 1). The 

flow regimes through the bioreactors were 

regulated using an automatic timer. A total of 

five (5) regimes per day were employed for 

each experimental run with each pumping pe-

riod lasting for 30 minutes.  

Temperature, pH, dissolved oxygen, conductiv-

ity, microbial population density and total pe-

troleum hydrocarbon were monitored during 

each experimental run to assess the progress of 

degradation. Temperature, pH, dissolved oxy-

gen, and conductivity, were measured using a 

multi-parameter probe (YSI 600XL) and meter 

(YSI 650 MDS) by following manufacturer’s 

instructions. Microbes were enumerated by 
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plate count using the pour plate technique. Mi-

crobial colonies were counted using a colony 

counter. Total petroleum hydrocarbon was ana-

lyzed using a gas chromatograph (GC) coupled 

with a flame ionization detector (FID) [Environ

-mental Research Institute, 1999].  

 

RESULTS AND DISCUSSION 

Effect of Oil Concentration on Degradation 

of Hydrocarbons 
The study revealed a general increase in degra-

dation rate for the various oil concentrations of 

500, 1000, 2000 and 6000 mg/L. Figure 2 be-

low represents the degradation rates achieved at 

loading rates of 0.5, 1.0 and 2.0 L/min respec-

tively for the various oil concentrations studied. 

The general increase in degradation rate ob-

served possibly suggests that oil concentrations 

in themselves were within solubility limits and 

hence a large surface area of the oil was avail-

able for colonization by the hydrocarbon-

degrading microbes which perhaps were pre-

sent in sufficient numbers to ensure degradation 

of the oil substrate. 

Microbial degradation of a liquid contaminant 

using a constructed bioreactor largely depends 

on the loading rate administered since the 

longer microorganisms interact with the sub-

strate (contaminant), the better the degradation 

of the substrate and vice versa. Thus microbes 

can only interact with the pollutant/contaminant 

for a longer duration if and only if the loading 

rate administered is low enough (Leahy and 

Colwell, 1990). In order words, the loading rate 

defines the contact time that microbes have at 

their disposal to interact with the substrate to be 

degraded. It was thus expected that degradation 

would be declining as the loading rate was in-

creasing. 

The rate of uptake and mineralization of hydro-

carbons by hydrocarbon-degrading microbial 

populations in aquatic environments is gener-

ally proportional to the concentration of the 

hydrocarbon contaminant present as suggested 

by Leahy and Colwell (1990). Thus petroleum 

hydrocarbon concentrations far in excess of the 

solubility limits would delay the onset of mi-

crobial degradation since the solubility deter-

mines in part the surface area of oil or hydro-

carbon available for colonization by the hydro-

carbon-degrading microbes (Atlas, 1981).  

According to Leahy and Colwell (1990), high 

oil concentrations would be expected to inhibit 

microbial degradation in a number of ways 

namely through nutrient or oxygen limitation or 

through toxic effects exerted on hydrocarbon-

Figure 2: Degradation at the various loading rates 
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degrading microbes by volatile hydrocarbon 

fractions. It was therefore anticipated that mul-

tiple increases in oil concentration would sig-

nificantly lower the rate of degradation of the 

oil substrate initially by way of its influence on 

the hydrocarbon-degrading microbes. Despite 

the fact that oil concentrations were within 

solubility limits, this assertion was confirmed 

in a few instances. Degradation was however 

expected to pick up or increase as the microbes 

achieve acclimatization.  Thus, sharp decline in 

degradation rate when oil concentration was 

doubled from 500 to 1000 mg/L could be ex-

plained in terms of the fact that hydrocarbon-

degrading microbes in their quest to degrade 

the oil contaminant required adequate time to 

acclimatize or adapt their metabolism to be able 

to deal with the “shock” that resulted from the 

sudden doubling in oil concentration.  Hence, 

doubling of the oil concentration from 500 to 

1000 mg/L possibly may have inhibited micro-

bial activity either through nutrient or oxygen 

limitation or through toxic effects exerted by 

the concentration jump. Subsequent higher deg-

radation rates achieved suggest that hydrocar-

bon-degrading microbes probably may have 

adequately acclimatized or adjusted their me-

tabolism to deal with the subsequent increases 

in oil concentration. Similarly, the slight de-

cline in degradation when oil concentration was 

increased three fold (from 2000 to 6000 mg/L) 

could also be attributed to the concentration 

jump effect on the microbes as explained above 

(Fig.1). Statistical analysis revealed the differ-

ences in degradation rates for the various oil 

concentrations in water studied to be statisti-

cally insignificant (p>0.05). 

 

Effect of Loading (Flow) Rate on Degrada-

tion of Hydrocarbons 
Figure 3 below also represents the degradation 

rates attained at oil concentrations of 500 mg/L, 

1000 mg/L, 2000 mg/L and 6000 mg/L for the 

various loading rates studied. The study of the 

loading rates-0.5 L/min, 1.0 L/min and 2.0 L/

min saw a general increase in the rate of uptake 

of hydrocarbons with maximum degradation 

occurring at the highest loading rates for the 

first two concentrations (500 and 1000 mg/L) 

and a decline in degradation for the last two 

concentrations (2000 and 6000 mg/L).  

Microbial degradation of a liquid contaminant 

using a constructed bioreactor largely depends 

on the loading rate administered since the 

Figure 3: Degradation at the various concentrations 
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longer microorganisms interact with the sub-

strate (contaminant), the better the degradation 

of the substrate and vice versa. Thus microbes 

can only interact with the pollutant/contaminant 

for a longer duration if and only if the loading 

rate administered is low enough (Leahy and 

Colwell, 1990). In order words, the loading rate 

defines the contact time that microbes have at 

their disposal to interact with the substrate to be 

degraded. It was thus expected that degradation 

would be declining as the loading rate was in-

creasing. 

In the case of the first two concentrations (500 

and 1000 mg/L), the turbulent regimes of the 

maximum loading rates administered may have 

facilitated mixing of the oil and water 

(contaminated water) thereby enhancing the 

solubility and dispersion/emulsification of the 

oil in water. This obviously increased the sur-

face area of oil available for colonization by the 

hydrocarbon-degrading microbes which were 

perhaps present in substantial amounts; hence 

the observed high rates of hydrocarbon uptake 

at the maximum loading rates (Fig. 3).  

Concentration level of 2000 mg/L at the vari-

ous loading rates recorded an initial gradual 

increase in hydrocarbon uptake, but got to a 

threshold loading rate of 1.0 L/min and there 

was a decline in hydrocarbon degradation (Fig. 

3). The highest microbial population density at 

this concentration of 2000 mg/L was observed 

at loading rate of 0.5 L/min. This possibly sug-

gests that hydrocarbon-degrading microbes had 

ample time to interact with the oil substrate. 

This however did not translate into the respec-

tive degradation rates attained. It is therefore 

highly possible that the microbial population 

density as revealed by the microbial count re-

sults did not truly reflect the actual number of 

hydrocarbon-degrading microbes that were 

involved in the degradation process (Table 1).  

Similarly, the 6000 mg/L oil concentration 

study saw an initial increase in hydrocarbon 

uptake and on achieving a threshold loading 

rate of 1.0 L/min as in the case of 2000 mg/L 

concentration; there was subsequent decline in 

hydrocarbon uptake (Fig. 3).  However the 

highest microbial population density at this 

concentration occurred when loading rate was 

highest- 2.0 L/min (Table 1). This observation 

however did not correspond to the expected 

higher degradation rate.  Despite the fact that 

the turbulent regime at the maximum loading 

rate may have facilitated mixing of the oil and 

water, it is also possible that substantial number 

of the hydrocarbon-degrading microbes may 

have been washed off the biofilm support mate-

rial. The loading rate of 2.0 L/min possibly may 

have also reduced the contact time between the 

microbes and the substrate (Leahy and Colwell, 

1990). Differences in degradation rates for the 

various loading rates studied were however 

found to be statistically insignificant (p>0.05). 
 

Influence of pH on Degradation 

Degradation in general occurred near neutral 

pH conditions. Slightly acidic conditions were 

observed at higher oil concentrations of 2000 

and 6000 mg/L (Table 2). Slightly acidic condi-

Degradation (%) Final Microbial Numbers Concentration 

(mg/L)  0.5 L/min 1.0 L/min 2.0 L/min 0.5 L/min 1.0 L/min 2.0 L/min 

500 52.81 71.08 78.26 1.52E+13 1.53E+13 1.49E+13 

1000 36.83 71.94 82.53 1.53E+13 1.79E+13 1.58E+13 

2000 86.67 93.02 85.39 1.80E+13 1.69E+13 1.65E+13 

6000 88.76 93.85 81.49 1.47E+13 1.50E+13 1.81E+13 

Table 1:  Summarized results for degradation rates (%) achieved and the corresponding 

  microbial population densities at the various loading rates 
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tions observed translated into higher degrada-

tion rates; an indication that microbes were 

more active at those concentrations making use 

of the oil as their sole carbon and energy 

source. Prescott et al. (2002), links slightly 

acidic conditions to the production of acidic 

intermediates. These acidic intermediates as it 

stands functioned to lower the pH of the sys-

tem. Similarly, slightly basic conditions were 

observed at lower oil concentrations of 500 and 

1000 mg/L. However, pH had no significant 

influence on degradation and the microbial 

population (p>0.05)  

 

Influence of Dissolved Oxygen on Degrada-

tion 
Although the amount of oxygen (mg/L) fed into 

the system from the source supply (air pump) 

was not known, dissolved oxygen levels re-

corded suggest that oxygen was present at all 

times to ensure the survival of aerobes in the 

aerobic bioreactors to undertake the degrada-

tion of the oil. Generally, higher dissolved oxy-

gen levels translated into higher degradation 

rates at higher loading rates. Higher loading 

rates by way of their turbulent regimes or 

churning effect possibly enhanced the mixing 

and dissolution of supplied oxygen in the oil 

contaminated water (Table 2). The influence of 

dissolved oxygen on degradation and the mi-

crobial population was found to be statistically 

insignificant (p>0.05). 

 

Influence of Conductivity on Degradation 
Higher degradation rates were achieved at low 

conductivities with lower degradation rates 

occurring at higher conductivities (Table 2). 

Waste engine oil by virtue of its use becomes 

contaminated with toxic metals such as magne-

sium, copper, zinc, lead, cadmium, in addition 

to by-products of combustion etc. from the 

wear and tear of the engine during operation 

(Irwin et al., 1997). These metals and combus-

tion by-products possibly contributed to the 

conductivity readings recorded. Higher concen-

trations of these metals and combustion by-

products possibly exerted their deleterious ef-

fects on hydrocarbon-degrading microbes; 

hence the lower degradation rates observed at 

higher conductivities. The influence of conduc-

tivity on degradation was found to be statisti-

cally significant (p<0.05). Conductivity how-

Concentration (mg/L) pH D.O (mg/L) 
Conductivity 

(µS/cm) 
Degradation (%) 

 500 (LR* of 0.5 L/min) 7.32±0.11 2.80±0.70 0.29±0.02 52.81±0.00 

500 (LR of 1.0 L/min) 7.15±0.10 2.30±0.06 0.23±0.01 71.08±0.00 

500 (LR of 2.0 L/min) 7.11±0.37 3.44±1.21 0.23±0.01 78.26±0.00 

1000 (LR of 0.5 L/min) 7.11±0.04 2.77±0.62 0.27±0.02 36.83±0.00 

1000 (LR of 1.0 L/min) 7.08±0.18 2.29±0.47 0.23±0.02 71.94±0.00 

1000 (LR of 2.0 L/min) 7.12±0.10 3.07±0.75 0.23±0.02 82.53±0.00 

2000 (LR of 0.5 L/min) 6.97±0.22 2.76±0.69 0.21±0.01 86.67±0.00 

2000 (LR of 1.0 L/min) 6.99±0.15 3.05±0.43 0.22±0.01 93.02±0.00 

2000 (LR of 2.0 L/min) 6.76±0.08 3.61±1.33 0.22±0.02 85.39±0.00 

6000 (LR of 0.5 L/min) 6.96±0.27 2.84±0.58 0.22±0.03 88.76±0.00 

6000 (LR of 1.0 L/min) 6.75±0.45 3.55±1.14 0.21±0.04 93.85±0.00 

6000 (LR of 2.0 L/min) 6.63±0.20 2.41±0.34 0.21±0.02 81.49±0.00 

Table 2: Summarized results showing the influence of pH and D.O on degradation rates 

*LR=Loading Rate 

100 Journal of Ghana Science Association, Vol. 14 No. 1 . June, 2012 



Biodegradation of used lubricating engine oil... Fei-Baffoe et al. 

ever had no significant influence on the micro-

bial population (p>0.05). 

 

CONCLUSION 

The experimental study conducted proved to be 

quite successful in confirming that mixed mi-

crobial consortium as a result of their diverse 

metabolic activities are potential degraders of 

hydrocarbon contaminants (used motor oil) in 

water. Employing the activities of these mi-

crobes in a constructed bioreactor to remove or 

degrade hydrocarbon contaminants (oil) thus 

proved to be an efficient technique in dealing 

with hydrocarbon contaminants in water.  

The parameters - total petroleum hydrocarbon 

(TPH), pH, temperature, dissolved oxygen 

(DO), conductivity and the final microbial 

populations measured to ascertain the progress 

of the microbial degradation of the oil contami-

nant proved to be good indicators for the inves-

tigation. Hydrocarbon (oil) degradation actively 

occurred near neutral pH conditions, with 

slightly acidic conditions resulting in higher 

degradation rates. Higher dissolved oxygen 

levels and lower conductivities similarly trans-

lated into higher degradation rates.  Loading 

rates also influenced degradation, with higher 

degradation rates occurring at higher loading 

rates and vice versa. 
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