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Abstract This paper summarizes the research findings of an extensive experiment conducted on the 
bioremediation of crude oil that collected from Al-Sharara field which is located in Murzuq Basin in the 
southern of Libya. This Field is operated by Spanish Repsol through joint venture 50% with Akakus Oil 
operations  which is producing around 150,000 oil barrel per day.  The degree of oil biodegradation was 
investigated by using gas chromatography analysis. This study focused on the process of reducing soil 
microcosm process, during the biological restore of oil contaminated soil under three different conditions. 

Biodegradation activity of hydrocarbons with nutrient (nitrogen and phosphorous containing compounds) 
and adding poison (mercuric acetate) were studied through the determination of optimal conditions which 
improve bioremediation process. Indeed, after four weeks, about 98% removal rate of total petroleum 
hydrocarbon (TPH) in soil treated by microcosm’s technique were observed. The results indicated that the 
total area of chromatographic peaks represented the concentration of total hydrocarbons in different 
conditions. The results confirmed that the soil samples consisted mainly of n-alkanes C11 through C31. The 
ratio of these hydrocarbons were approximately lower than 80%, with intermediate branched chain 
hydrocarbon, along with cycloalkanes, aromatic compounds and other petroleum-based compounds within 
the experimental samples. The degradation of the treated samples with nitrogen and phosphorous indicated 
the TPH concentration decreased rapidly at the end of treatment, it is relatively high when compared to the 
control (untreated) and the poison system.  
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1. Introduction 
Pollution is the introduction of contaminants into 
an environment that causes harm to human 

health and other living organisms. Soil pollution 
comprises the pollution of soil with       
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materials[1,2], mostly chemicals that are out of 
place or present at concentrations higher than 
normal, which may have adverse effects on 
humans or other organisms. Huge oil spills during 
transportation and distribution, as well as spills 
during refining. Soil that is accidentally 
contaminated by petroleum fuel spills is classified 
as hazardous waste [3,4,5]. Cleaning up oil spills 
is not a small task, there are many methods used 
to clean up oil spills. An oil spill can be destroyed 
by fire, but burning often adds to the problems.  
Smoke, soot, fumes, and particulate matters from 
the burning oil can pollute the air over large 
areas, any materials such as chemicals, dust, and 

harmful gases in air and water are pollutants [6]. 
Petroleum hydrocarbons are commonly classified 
as environmental contaminants, though they are 
not usually classified as hazardous wastes [7,8]. 
Many petroleum products are used in modern 

society, including those that are fundamental to 
our lives (i.e; transportation fuels, heating and 
power-generating fuels, etc). The volume of crude 
oil or petroleum products that is used today 
dwarfs all other chemicals of environmental and 
health concern [9]. Due to the numbers of 
facilities, individuals, and processes and the 
various ways the products are stored and 
handled, environmental contamination is 
potentially widespread. Aromatic compounds are 
among the most prevalent and persistent 
pollutants in the environment [10,11]. Aromatics 
derived from industrial activities often have 
functional groups such as alkyls, halogens and 
nitro groups.  Organic contaminants may enter 
the soil through many different pathways. 
Accidental spills, poorly designed hazardous waste 
facilities [12], and leaking underground storage 
tanks (LUSTs) [13]are all routes by which organic 
contaminants may enter soils. The magnitude of 
the problem is difficult to assess. One estimate is 
that there are >250 000 LUSTs at service stations 

across the United States [13] .Bioremediation is a 
process by which chemical substances are 
degraded by bacteria and other microorganisms. 
The use of these microorganisms has been 
successfully applied for the treatment of waste 
and wastewater in controlled systems. Several 
research studies have recently been performed to 
investigate the use of bioremediation for oil-spill 
cleanup in seawater, freshwater and terrestrial 
areas. The technique has been found to have a 
potential for broad applications in terrestrial and 

freshwater environments for treating soils and 
sediments contaminated with oil and other 
substances, as well as for coastal environments 
impacted by oil spills. Water is a more sensitive 
medium than soil and requires different 
remediation techniques. Spills to surface water 
are easier to clean up than spills to groundwater, 
for obvious reasons. It is not only much harder to 
see the extent of the contamination, but also to 
remove the source of the contamination as, for 
example, a leaking underground storage tank. The 
focus of this study is to determine the amount of 
degradation of petroleum hydrocarbons by the 
method of gas chromatography. 
 

2. Materials and Methods 

2.1 Sample collection 
Soil samples were collected randomly from Al- 
sharara field from a depth of 10cm, Libya 2017. 
The soil samples were placed in a sterilized 
container and stored at room temperature. Soil 
samples were used to reflect a range of 
hydrocarbon concentrations and to represent 
various potential sources of contamination. All 
soil samples which were collected from the field 
location were mixed together. The petroleum 
products that contaminated the soil samples were 
extracted using a Soxhlet Extraction System. 
Chloroform was used for the extraction. Gas 

chromatography also was used to measure the 
degradation of hydrocarbons in soil. 
 

2.2 Soil pH  
Soil pH sample was determined using a pH meter 

(Jenway 3020) on soil suspensions in water.   25 
grams of soil was stirred continuously with 50 ml 
of d-ionized water for 15 minutes and allowed to 
equilibrate for another 15 minutes. The pH meter 
was immersed in the supernatant and was rotated 
gently before recording pH.  The pH was measured 
at room temperature equal 8.9 pH.                                                                            
 

2.3 Experimental Set Up 
The mixed soil samples which were collected from 
the locations were divided into three parts and 
used separately in the following experiments: 

2.3.1 Untreated Samples (US)  
These experiments will allow degradation of 
hydrocarbons in soil due to microbes present in 
soil itself. 

2.1.2 Treated Samples (TS)  
These experiments will allow degradation of 
hydrocarbons in soil due to microbes present in 
soil and having better conditions for 
biodegradation. The samples contain some 
nutrients (nitrogen and phosphorous containing 

compounds), moisture and aeration. 

2.3.2 Poisoned Samples (PS) 
These experiments do not allow and degradation 
due to microbes since all microbes have been 
killed by adding poison (mercuric acetate). Any 
decrease in concentration of hydrocarbons is only 
due to evaporation. 

 
2.4 Preparation and Incubation of Hydrocarbon 
Contaminated Samples 
We weighted (200g) from the soil sample and put 

it in the separator funnel and put it on (2g) the 
crude oil. The lower ends of the columns were 
closed with a plug and a closable drain spout.. 
After packing, water was added to the top of the 
column to adjust the moisture content of the soil 
to 50% untreated sample. About 5.714 mg 
Nitrogen as NH4NO3 and 26.32 mg phosphorous 
as KH2PO4 fertilizers were added to keep N and P 
concentration in soil maintained for 
biodegradation study. They were dissolved in 
water that was used for adjusting moisture 
content in the treated sample, tilling of the soil 
columns was performed by inserting the stainless 
steel wire into the soil column 15 times. This 
treatment was much less effective in earring the 
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soil than conventional tilling in the fields. 722 

ppm mercuric acetate was used as biologically 
inactive poisoned control to differentiate losses 
from biodegradative losses. All types of sample put 
in Incubator 35ͦ  C for 24 hrs. 
 

3. Analytical Method 
For each point of analysis, hydrocarbon in the soil 
of 10 g was extracted. Crude oil were Soxhelet 
extracted (see Fig 1-A) for 6 hours by using 
choloroform[2]. Extracts of hydrocarbons were 
brought to volume by removing solvent using 
rotary evaporator (Fig 1-B).  The analyzed for the 
content of residual hydrocarbons of samples were 
analyzed by gas chromatography, see Fig 2.  
 

 
Fig. 1 show A) Soxhelet extracted system, B) 
Rotary evaporator 
 

 

Fig. 2 shows Gas Chromatograph Analysis 
 

4. Result and discussions  
In this work, the degradation of hydrocarbons of 
selected fuels was studied. Remaining 
hydrocarbon concentrations in soil were 
determined quantitatively at different time 
intervals by using gas chromatographic technique. 
Nitrogen containing (NH4NO3) and phosphorous 
containing (KH2PO4) fertilizers were added to soil 
to keep their required concentrations. The soil was 
contaminated with hydrocarbons of fuels. Daily 
tilling to provide oxygen was performed by 
inserting the stainless steel wire into the soil and 

tilling eight times in each incubation sample. 100 
ppm mercuric chloride was used as biologically 
inactive poisoned control to differentiate losses 
from biodegradative losses. The experimental 
results indicated that the total area of 

chromatographic peaks represented the 
concentration of total hydrocarbons in three 
different samples. The hydrocarbons 
concentrations under a variety of incubation 
conditions (untreated, bioremediation treated, 
poisoned) are given in Table 1. It can be seen that 
the reduction in total peak area as time increased 
for all samples was noted. This can be attributed 
to the evaporation of hydrocarbons with the 
increased in time. 
 

 

Table 1. the hydrocarbons concentrations under a variety of incubation conditions

Time[Weeks] Untreated Soil Biorediation Treated Soil Poisoned Soil 

T PA C T H 
g/kg og soil 

T PA C T H 
g/kg og soil 

T PA C T H 
g/kg og soil 

0 88610343 10 88610343 10 88610343 10 
1 79092314 8.93 72093766 8.14 84354397 9.52 
2 70509141 7.96 53732253 6.06 78972461 8.91 
3 62766205 7.08 47933880 5.41 72634325 8.20 
4 54478046 6.15 36161427 4.08 66189231 7.47 

T PA-Total Peak Area, C T H –Concentration of Total Hydrocarbons. 
 
The depletion of fuel hydrocarbon concentration is 
under defined incubation conditions are shown in 
Fig. 3. In order to determine whether the presence 
of nitrogen and phosphorous within the mixture 
might limit the uptake of hydrocarbon of fuels, the 
degradation of this hydrocarbon, with and without 
nutrient supplementation, was expected. The 
results revealed that an initial concentration of 
hydrocarbon in oils 10g\kg was almost degraded 
within the experimental time (four weeks) of 
incubation in samples supplemented with nitrogen 
and phosphorous (~4.08 g\kg). The reduction in 
concentration of crude oil in the non-supplemented 

samples was noted. The value of degradation in 
these samples was reached 6.13 g\kg compared 
with that in the treated samples with nitrogen and 
phosphorous. The changes in degradation rate can 
be attributed to the presence of such nutrients. 
However, the degradation of hydrocarbon in 
poisonedsamples    (~7.74 g\kg) through the 
experimental time was less than that in treated and 
un-treated samples with the nutrients. This 
reduction in the concentration of hydrocarbon is 
mainly due to the evaporation of hydrocarbon in 
oils. Also, the poisoned samples where the 
degradation due to microbes since all microbes 
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have been killed by adding poison (mercuric 
acetate).  

 
Fig. 3 biodegradation of hydrocarbon in three 

different mediums 
 
The experimental result obtained from the chart of 
gas chromatography showed the total peak area 

for the concentration of crude oil vs the time for 
untreated, treated and poisoned soil. In the first 
week for the blank sample in all type of soil, the 
same concentration was 10 g of oil mixed in 1 kg 
of soil.  The GC/MS analysis was performed to 
identify the presence of hydrocarbon petroleum in 
the untreated soil sample. The results confirmed 
that the soil samples consisted mainly of n-
alkanes C11 through C31. The ratio of these 
hydrocarbons were approximately lower than 
80%, with intermediate branched chain 
hydrocarbon, along with cycloalkanes, aromatic 
compounds and other petroleum-based 
compounds. Gas chromatographic analysis of the 
control untreated soil indicated that the TPH 
(Total Petroleum Hydrocarbons) removal of crude 
oil (1.0% w/v) was higher in the middle-chain 
compounds, see Fig 4. The control samples, which 
had no bacteria added, showed losses of the total 
petroleum hydrocarbon to a certain extent but 
these losses were mainly in the shorter fraction 
and were significantly (p<0.05).  During the 
experiment, it was also observed that the 
transformation of different molecular weight 
compounds are varied between the two types of 
treatment. Based on the total peak area, the 
addition of Nitrogen containing (NH4NO3) and 

phosphorous containing (KH2PO4) enhanced 
degradation of middle and long chain compounds 

compared with the control system that was not 
supplemented with any microbial species. In 
addition, these components are worked as 
activation to microorganism to eat hydrocarbons 
and result carbon dioxide and water gently in the 
environment. Other degradation in the untreated 
sample have observed the presence of natural 
microorganism.  The poisoned sample have the 
smallest degradation because add the mercuric 
chloride to stop any action of microorganism. 
Also, other factor may play a role in the 
degradation process such as the temperature 
parameter which is effected in all type of samples 
at incubator at 35 ͦ C. 
 

 
Fig. 4 gas chromatography analysis for the 
control system  

 
5. Conclusions  
The finding from this work can be summarized as 
the following; 
1- The reduction in total peak area as time 

increased for all samples was noted. This can 
be attributed to the evaporation of 
hydrocarbons with the increased in time.    

2- The results revealed that an initial 
concentration of hydrocarbon in oils was 
almost degraded within the experimental time 
(four weeks) of incubation in samples 
supplemented with nitrogen and phosphorous. 

3- The value of degradation in the untreated 
samples was highly reached compared with 
that in the treated samples with nitrogen and 
phosphorous. The changes in degradation rate 
can be attributed to the presence of such 
nutrients.  

4- The degradation of hydrocarbon in 
poisonedsamples through the experimental 
time was less than that in treated and un-
treated samples with the nutrients. This 
reduction in the concentration of hydrocarbon 
is mainly due to the evaporation of 
hydrocarbon in oils.  Also, the poisoned 
samples where the degradation due to 
microbes since all microbes have been killed by 
adding poison (mercuric acetate). 

Acknowledgment 
The authors would like to thanks all the technical 
teams from faculty of science – Sebha University 
for their help and support to complete the 
experiments of this work.  

References  
[1]- Atlas, R. M. and Philp, J. (2005), 

"Bioremediation: Applied Microbial Solutions 
for Real-World Environmental Cleanup", ASM 

Press, Washington D.C., pp.1-292. 
[2]- Singh,  C. and Lin,  J. (2009),  "Evaluation of 

Nutrient Addition to Diesel Biodegradation in 
Contaminated Soils",  African J. of 
Biotechnolo. Vol. 8(14), pp. 3286-3293. 

[3]- Bartha, R. and  Bossert,  I.  (1984),  "the 
Treatment and Disposal of Petroleum Refinery 
Wastes", In R. M. Atlas (ed.), Petroleum 
microbiology. Macmillan, New York. pp.553-
577. 

[4]- Norris,  R.  D. and  Robert , S. K.  (1994),  
"Environmental Research Laboratory",  
Handbook of Bioremediation, Published by 
Lewis Publishers. 



The effect of sowing date and  late season drought on growth                                                   I. Alshareef  et  al.  

JOPAS Vol17 No.1 2018                                                                                                                     199 

[5]- Riser-Roberts,  E.  (1998),  "Remediation of 
Petroleum Contaminated Soils: Biological, 
Physical, and Chemical Processes",  Lewis 
Publishers CRC Press LLC, Boca Raton. 

[6]- Mishra,  S.,  Jyot,   J.,  Kuhad,  R. C. and  Lal,  
B. (2001), "Evaluation Ofinoculum Addition to 
Stimulate in Situ Bioremediation of Oily-
Sludge-Contaminated Soil", Appl. and 
Environ.  Microbiol.     Vol. 67,   pp. 1675–
1681. 

[7]- Abu  Baker, S.,  Farinazleen, M.G.; Abd 
Rahman, R. N. Z., and Mahiran, B. (2003), 
"Bioremediation of Petroleum Hydrocarbon 
Pollution",  Ind. J. Biotechnol. Vol. 2(3), 

pp.411-425. 
[8]- Vennila,  R.  and Kannan,  V.  (2011),  

"Bioremediation of Petroleum Refinery 
Effluent by Planococcus Halophilus",  African 
J. of Biotechnol. Vol. 10(44), pp.8829-8833. 

[9]- Zhu,  X., Venosa,  A. D. and Suidan, M.T.  
(2004),  "Literature Review on the Use of 
Commercial Bioremediation Agents for 
Cleanup of Oil-Contaminated Estuarine 
Environments",  EPA/600/R-04/075. 

[10]- Vinas,  M.,  Sabate,  J.,  Espuny, M. J. and 
Solanas,  A. M.  (2005), "Bacterial Community 
Dynamics and Polycyclic Aromatic 
Hydrocarbon Degradation During 
Bioremediation of Heavily Creosote-
Contaminated Soil",  Appl. Environ. Microbiol. 
Vol. 71, pp.7008. 

[11]- Seo, J., Keum, Y., Li, Q. (2009), " Bacterial 
Degradation of Aromatic Compounds", Int J 
Environ Res Public Health. Vol. 6(1), pp.278–
309. 

[12]- Pavlostathis , S. G. and Mathavan,  G. N. 
(1992). "Desorption Kinetics of Selected 
Volatile Organic Compounds from Field 
Contaminated Soils",  Environ. Sci. Technol. 
Vol. 26, pp.532-538. 

[13]- Atlas,  R. M. and Cernigiia,  C. E. (1995), 

"Bioremediation of petroleum pollutants, 
Bioscience, Vol. 45, pp.332-338. 

 
 

 


