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Abstract
The focus of my thesis was the investigation of the

bioremediation processes on oil spill and evaluation of

the rate of the reactions on the impacted sites .

The biodegradation of petroleum and other hydrocarbons

in the environment is a complex process and it’s rate

dependent on:

• The nature of the hydrocarbons present,

• Environmental conditions

• The composition of the indigenous microbial

community.

In general, there are two approaches for bioremediating

impacted sites,

• In situ

• Ex situ



Thesis Aims of My Thesis:  

▫ To understand the factors that determine successful remediation of 

crude and heavy oils.

▫ To assess relative changes in hazard and risk as remediation 

progresses

▫ To evaluate the performance of a range of appropriate ecological 

assays

▫ To assess the key measured parameters to enable effective 

remediation

▫ To integrate the findings, where possible, to predict assessment of 

remediation in a target defined context

▫ To develop the optimised approaches to genuine environmental 

samples
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Introduction
• Petroleum Hydrocarbon

▫ Various Composition of HC & Non HC

▫ Main groups within it

• Kuwait Oil Production

▫ Producing oil since 1938

▫ Reservoirs ( around 10% of world oil reserve)

▫ Crude oil in the range of (30 – 36 API) , around 2.8 m 

bbl/day

 Medium to light Crude oil

▫ Heavy Oil API ( 10 – 20 ) underdevelopment- Strategic  

plan for  2020, around 450,000 bbl/day

▫ Newly discovered Gas and Gas Condensate 

Underdevelopment



• First Gulf War, 1991

▫ Loss of 1.1 billion barrels of crude oil

 23 million barrel spilled in the desert

 Soil contamination in the range of 40 – 50 metric 

tones

 Also Area of 1000 km2 of desert soil contaminated due 

to airborne oily material

• Bioremediation

▫ Bioavailability of chemical of interest

▫ In situ (table 1)

▫ Ex situ (table 1)

▫ Biological assays (table  2)

Major Contamination



Table 1:  Common Soil Remediation Techniques for HC



Comparative toxicity methods used for ecological 

assessments of contaminated soil
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• Routine chemical and biological parameters were 

measured throughout the twelve week study. 

• Findings:

▫ Consider spatial variation

▫ Crude oil best predicted at T=0

▫ Prediction becomes poorer with time

▫ Yeast biosensor in not good

▫ Mean values need to be interpreted in the context

Chapter Three Findings
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Chapter Four:  Findings

• A similar integrated approach (Ch.3) to assess the 

bioremediation potential of historically 

contaminated soils from Kuwait

• Removing physical constraints optimised microbial 

performance

• HC used were heavy and unrefined
▫ Recalcitrant to bioremediation

• Crude oil is hard to analyse and quantify

• Both extractions used were removing the same 

pool of semi liable HC



Chapter Four Findings (CONT)

• Respiration is a key indicator of likely HC 

degradation
▫ Also a measure of biomass

▫ Not useful here, as experimental design and wide range of 

samples selected

• Heavy HC breaks down to more bioavailable 

fractions

• Predictive equation also became less fit with time
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Chapter Five:  Findings

▫ Solvents recovery deemed to be poor (hexane, and DCM / 
acetone)

▫ Lighter fractions reduced with time, while heavier 
fractions had lower extractability with time

▫ Rate of degradation is misleading

▫ Assays gave different responses

 Earthworms were too sensitive as an indicator of soil 
ecotoxicity, whilst seed germination and microbial 
biosensors revealed that toxicity declined with 
biodegradation

▫ Long time points

▫ Degradation was happening

▫ Crude oil is a real problem for chemical analysis

▫ Heavy HC = more toxic
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Chapter Six Findings

• End-point clean-up targets were defined by human risk 

assessment and ecotoxicological hazard assessment 

approaches

• Findings

▫ Active management enhances bioremediation

▫ Nutrient additions and inocula accelerated the 

degradation

▫ Microbial and chemical measurements increase the 

understanding of field bioremediation

▫ End points need to be receptor defined

▫ More comparative studies
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Chapter Seven Final Discussion

• The aims of the thesis were:

▫ To understand the factors that determines successful 

remediation of crude and heavy oils.

▫ To assess relative change in hazard and toxicity as remediation 

progresses

▫ To assess the key measured parameters to enable effective 

remediation

▫ To integrate the findings, where possible, to predictive 

assessment of remediation in a target defined context

• All of these aims were to be developed in the context of Kuwait

▫ The aspects of hydrocarbon bioavailability especially in a 

climate such as Kuwait 

▫ The microbial communities and their activity and performance 

in the relatively carbon starved soils of the Gulf States



Recommendation for Future Work
• To evaluate the concentration and toxicity of aged crude oils in desert

• To study the spatial variability of hydrocarbon concentrations across a zone

• To evaluate the susceptibility of different hydrocarbon distillates to 

biodegradation in soils. 

• To monitor the relative ecotoxicity of these distillates during the 

remediation campaign and to evaluate if a suitable end-points 

• To appraise the relative merits and shortcomings of selected ecotoxicity

assays in their application to soils contaminated with crude oils.

• To develop a field-scale trial of onsite ex situ bioremediation and to monitor 

changes in ecotoxicity and hydrocarbon concentrations as a function of 

remediation timescale.

• To relate the degradation and changes in ecotoxicological measurements  

associated with heavily weathered refined oils to crude oils.

• To consider the relative merits of risk and hazard assessment in the adoption 

of remediation campaigns



Any Questions ?


