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BIOREMEDIATION OF CONTAMINATED SITES 

Christopher Schneider 

Hydrocarbon contamination is commonly associated with abandoned wellsites. The cause of this 
contamination can be related to drilling waste material and/or the result from operations which took place on the 
site. Prior to the commencement of land reclamation, these sites often require an appropriate treatment to enhance 
remediation and degrade the hydrocarbon which is present in the soil. Landf arming is a recognized approach in 
the bioremediation of hydrocarbon contaminated soil. This land treatment method involves cultivating the soil 
surface and is normally aided with fertilizer amendment to provide a nutrient source for the microbial population 
involved in the degradation of hydrocarbon. 

LANDSCAPE 

The effectiveness of bioremediation will depend upon the prevailing environmental conditions in 
association with the landscape features. The site topography will influence the drainage capacity of an area 
including the degree of surface water runoff and any pooling or ponding condition. The site topography and parent 
material directly control the type of soil which will delevop on-site. It is known that the bioremediation is 
inhibited by anaerobic conditions which may occur on poorly drained sites. Sites that are sloped in addition to 
having pits or trenches to collect surface run off water are pref er able in maintaining adequate drainage. 

SOIL PROPERTIES 

The physical properties of a soil are an important aspect of bioremediation. The soil texture is an 
essential characteristic as it will determine the effectiveness of containment. There will be a tendency for 
hydrocarbon to leach or migrate downward into the soil if the percentage of sand is high. As the hydrocarbon 
components leach deeper into the soil profile, the soil environment becomes increasingly anaerobic. This will 
reduce microbial activity as well as pose mechanical difficulty in the landfarming operation. The macrostructure 
of the soil will also have a bearing as fissures may allow for the "escape" of oily material. 

The introduction of hydrocarbon into a soil may affect the soil's wettability. For example, the infiltration 
of surface water into the soil profile is inhibited by the introduced hydrocarbon (i.e. the soil has poor wettability). 
This is often evidenced by a pooling condition that takes place on these sites. The reason for the development of 
this is that a thin layer of heavier oil film (being hydrophobic molecules) coats the individual soil aggregates 
preventing access of water and oxygen to the center of the aggregates (Rowell, 1977). This creates an anaerobic 
condition deleterious to microbial activity. In order for microbial activity to proceed under optimal conditions, 
there needs to be adequate aeration in combination with ideal moisture content. This displacement of air and water 
by hydrocarbon from the soil pores greatly influences degradation. In one experiment, the production of CO2 from 
microbial respiration rose steadily as the oil content was increased to about 5.5% by weight; it dropped at about 
8.5% (Schwendinger, 1968). These results suggest the problems associated with anaerobic conditions. In a 
landf arming operation, the incorporation of straw amendment is used to improve aeration. 

Fertilizer amendment is used as a nutrient source for the microbes to "accelerate" the process of 
biodegradation. In particular, there is a requirement for nitrogen and, to a lesser extent, phosphorous and 
potassium in degrading hydrocarbon. The amount of amendment required and the appropriate ratio of N:P:K can 
be determined through soil testing. Under optimal nutrient conditions, the time frame for degradation will depend 
upon the percent hydrocarbon in addition to the soil properties. 

Other soil properties that influence microbial activity include temperature, pH, and salt content. The 
additional of nitrogenous fertilizer is expected to have an acidifying effect on the soil. The pH level needs to be 
monitored as part of a land treatment program and, if necessary, lime incorporated to maintain the soil near an 
optimal pH of 6.5 (Toogood et al, 1997). 

*Presented at the 21 st Annual Meeting, Canadian Land Reclamation 
Association, Calgary, Alberta, September 18-20, 1996. 
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CHEMISTRY 

The hydrocarbon compounds identified in oilfield waste are degraded by a wide variety of rnicroorganisrns 
including bacteria, yeast, filamentous fungi, and actinomycetes. Bacteria appear to play a major role in 
degradation. There is substrate specificity and oxidation is found to be an inducible system (i.e. the enzymes 
involved in the initial breakdown are produced by the organism in the presence of the substrate) (Rowell, 1977). 
This is confirmed by the lag in microbial activity following introduction of a hydrocarbon source. 

Once the initial reaction unique to the microorganism is initiated, the pathway to degradation follows a 
well characterized pathway such as B oxidation in the metabolism of alkane (this fraction accounts for a large 
proportion of the hydrocarbon present in most petroleum oils) (Rowell, 1977). The final products are normally 
carbon incorporated into the microbial cellular tissue or respired carbon dioxide. However, intermediate 
compounds may build-up if the environmental conditions are unsuitable or there are limiting nutrients. These 
intermediate compounds may leach into the soil profile allowing for selectivity of various components. The result 
is that the soil can act as a chromatography column (Plice, 1948). 

The lighter chain hydrocarbon and aromatics cause varying degrees of toxicity to rnicroorganisms. 
However, due to the properties of these molecules, there is a significant proportion lost to volatilization. The 
process of landf arming enhances the volatilization of these compounds through aeration. 

It has been generally found that landf arming is a viable approach to the bioremediation of contaminated 
sites. However, several factors including landscape, soil properties, and chemistry need to be taken into 
consideration to ensure the success of this form of land treatment. 
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