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Biodegradation of heavy crude oil in wastewater by an effi cient strain, ERCPPI-1
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A B S T R AC T

The potential biodegradation of heavy crude oil from wastewater was assessed based on the 
development of a fermentative process with a new strain of Enterobacter cloacea (ERCPPI-1) which 
was isolated from heavy crude oil in south of Iran, when cultured in a basal mineral medium 
using heavy crude oil as the sole carbon source. The effects of heavy crude oil concentration, 
temperature, pressure, pH and salinity on the growth rate of ERCPPI-1 in the presence of heavy 
crude oil as the sole carbon source were investigated. The results showed that ERCPPI-1 has a 
good potential for biodegradation of heavy crude oil in the concentration ranges of 0.25–10%, 
temperatures up to 70 °C, pressures up to 6000 psia, pH ranges of 4–10, and salinity up to 15%. 
However, as the concentration of heavy crude oil is increased from 0.25% to 10%, the percentage 
of degradation by the strain is decreased from 76.3% to 19.1%. Temperature of 40 °C and pH of 
7.0 were found to be the optimum conditions for maximum biodegradation rate. The experi-
ments also showed that the strain ERCPPI-1 was able to produce a type of biosurfactant, using 
heavy crude oil as the sole carbon source, with high oil spreading and emulsifi cation properties. 
The experiments performed in piston–cylinder systems demonstrated that the effi ciencies of oil 
recovery and biodegradation of hydrocarbons are at a reasonable rate. These results suggest that 
strain ERCPPI-1 has the ability to degrade heavy crude oil under ex situ and in situ conditions.
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1. Introduction

Petroleum hydrocarbon is the principle source of 
energy in the world and its wide scale production, trans-
port, use and disposal has made it a major contaminant 
in both prevalence and quantity in the environment [1]. 
Crude oil components are of environmental concern 
due to their toxic, mutagenic, and carcinogenic proper-
ties [2–4]. Consequently, crude oil is deleterious to a wide 
spectrum of plants, animals and microbial communities, 
through oxygen stress and direct toxic effects [5]. On the 

other hand, the concentrations of the toxic components 
in heavy and extra-heavy crude oils are higher and the 
problem is more severe. The traditional treatment of oil-
contaminated environments, such as containment and 
collection using fl oating booms, adsorption by natural 
or synthetic materials, etc., cannot degrade the crude 
oil thoroughly [6]. Previous studies have established 
that microbial degradation is an important process in 
determining the fate of spilled oil, implying that micro-
bial biodegradation is one of the principal processes 
for removal of non-volatile crude oil components from 
oil-contaminated environments [7]. On the other hand, 
biodegradation-based alternatives are among suitable 
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