ABSTRACT
Mixed contaminated soils are the complex, multi-component systems with a range of different types of organic and inorganic co-existing in different physical and chemical forms. Polycyclic aromatic hydrocarbons (PAHs), characterized by their high hydrophobicity, resistance to natural degradation and carcinogenic properties, often co exist with metals at many contaminated sites around the world. Previous and current research on remediation technologies has focused on either organic compounds or metals, with very little focused on mixed contaminants. Given this unexplored area, this thesis underpins the science of mixed contaminant remediation with special reference to PAHs and metals that are very common in manufactured gas plant (MGP) sites. 
In this study, a model mixed contaminated soil collected from 100 year old former MGP site was subjected to detailed characterisation including effect of PAHs and metals on soil biological activities. The site characterization based on metal speciation provided better understanding of the risk than traditional physico-chemical characterisation alone. The combined effect of PAHs and metals was well pronounced by dehydrogenase activity. Even though the microbial diversity in PAHs and metals contaminated soil was reduced, a few adapted species survived as confirmed by the molecular analysis of MGP sites soils.
The use of metal resistant PAH degrading bacteria is a viable strategy that can mitigate metal inhibition of organic compound biodegradation in remediation of mix contaminated sites. Three metal resistant PAHs degrading bacterial cultures (Achromobacter sp, consortium-5 and consortium-9) were isolated from mixed contaminated soils. The pure culture Achromobacter sp. exhibited the highest minimum inhibitory concentrations (MIC) of 7 mg/l Cd followed by consortium-5 (5 mg/L) and consortium-9 (5 mg/L). All these isolates were able to degrade 200 mg/L phenanthrene completely in less than four days in the presence of 5 mg/L Cd. 
The Achromobacter sp. has further shown exceptional degradation ability for high molecular weight PAHs such as pyrene, fluoranthene and benzo(a)pyrene. The BaP degradation improved in the presence of phenanthrene as co-substrate. Both Achromobacter sp. and consortium-5 were found to be very effective in degrading all five PAHs in spiked soil slurries.  Also these cultures could remove appreciable amounts of PAHs in real mixed contaminated soil slurries as well. The potential of Achromobacter sp. and Consortium-5 to remediate soils contaminated with PAHs and metals was evaluated using spiked and MGP site soils for 150 days under laboratory conditions. Nutrient amendment along with bacteria enhanced PAH degradation in soils. Bioremediation efficacy as tested by sequential extractions of different organic fractions at the end of 150 day incubation period showed a strong correlation between Hydroxypropyl-b-cyclodextrin extractable fraction and microbial degradation. Further, earthworm bioavailability assays conducted on soils at the end of bioremediation confirmed that all the bioavailable PAHs were degraded by Achromobacter sp. Neither accumulation of PAHs nor toxicity was observed in the successful bioremediation treatments. To our knowledge this is the first study of the isolation and characterization of metal resistant HMW PAHs degrading bacteria. These bacterial cultures have great potential for bioremediation of mixed contaminated soils such as MGP and superfund sites.

