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Bioremediation of petroleum hydrocarbon contaminated solid wastes: field-based
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Introduction

Petroleum hydrocarbon-contaminated solid wastes, including refinery-impacted soils and drilling mud pits, present
persistent environmental challenges due to their high contaminant loads, complex physical structures, and limited
natural attenuation capacities. These materials are classified as hazardous waste streams because of their long-term
risk potential and limited options for safe disposal or reuse. Conventional treatment methods, such as excavation
and off-site disposal or physicochemical treatments, often involve high costs and secondary environmental
impacts, as they generate additional waste (Ayalew et al, 2024).

Bioremediation has emerged as a sustainable alternative for managing petroleum-contaminated solid waste,
offering the potential for in situ or ex situ treatment with a reduced environmental footprint. However, most studies
have focused on laboratory-scale experiments or simplified matrices, while field-based evidence under realistic
conditions remains scarce.

This study synthesizes field and pilot-scale experimental results from bioremediation studies on two heavily
petroleum-contaminated solid matrices: refinery soil and drilling mud pit waste.

Case Study 1: Refinery Soil Bioremediation

Ex situ bioremediation was applied to petroleum-contaminated soil from a refinery site. The soil had high initial
total petroleum hydrocarbon (TPH) concentrations and a heterogeneous texture, typical of aged industrial
contamination. The treatment combined biostimulation (nutrient amendment) and controlled bioventilation to
enhance aerobic microbial activity. The process was monitored over a 5.5-month period.

Sampling occurred at regular intervals to determine TPH concentrations and assess changes in microbial
community structure. Microbial populations were evaluated using cultivation-based techniques, with particular
attention to hydrocarbon-degrading microorganisms (Beskoski et al, 2011).

Case Study 2: Drilling Mud Pit Bioremediation

In situ bioremediation was implemented at a drilling mud pit with extremely high TPH concentrations and poor
natural degradation potential. The treatment relied on low-intensity measures, including aeration and nutrient
optimization, without intensive mechanical disturbance. Monitoring lasted approximately six months.

TPH concentrations were measured periodically to assess treatment efficiency, and microbial analyses
focused on the abundance and composition of hydrocarbon-degrading consortia (Avdalovié et al, 2016).

Results & Discussion

In the refinery soil system, ex sifu bioremediation reduced TPH concentrations from approximately 29.8 g kg™ to
3.3 gkg!, achieving nearly 90% removal efficiency within 5.5 months. Similarly, in situ treatment of the drilling
mud pit waste reduced TPH from 32.2 g kg™* to 1.5 g kg™!, equivalent to approximately 95% removal over six
months. These results demonstrate that substantial hydrocarbon removal can be achieved in solid waste matrices
without aggressive physical treatment, provided environmental conditions favourable to microbial activity are
established.

Both systems exhibited pronounced shifts in microbial community structure during bioremediation. Initial
stages were characterized by low proportions of hydrocarbon-degrading microorganisms (HD), reflecting the
inhibitory effects of extreme hydrocarbon loads. As treatment progressed, enrichment of specialized degraders
occurred, with hydrocarbon-degrading consortia accounting for more than 80% of the cultivable microbial
population in later stages. This microbial succession indicates adaptive responses to contamination stress and
improved system function. The stabilization of degrader-dominated communities coincided with accelerated TPH
removal, suggesting that microbial community composition can serve as a valuable indicator of remediation
progress.
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In the refinery ex situ bioremediation soil system, the abundance of hydrocarbon-degrading (HD) bacteria
increased from 7.2 x 10* CFU g' to 2.0 x 10° CFU g'. In contrast, during in situ treatment of drilling mud pit
waste, HD bacterial abundance initially increased but subsequently declined, shifting from 1.3 x 10° CFU g to
3.7 x 10* CFU g™". In both systems, the number of HD bacteria increased significantly during the early stages of
bioremediation, reaching levels more than 50-fold higher than the initial values, followed by a decline over time.
In the in situ system, the final abundance fell below its initial level. This trend suggests that microbial diversity
and population size decrease over time, likely due to nutrient depletion and the reduced availability of degradable
substrates.

From a solid waste management perspective, these results highlight the feasibility of biostimulation-based
approaches for treating petroleum-contaminated waste that would otherwise require disposal. The observed
efficiencies and treatment times align with operational constraints at typical waste-handling facilities. Importantly,
microbial indicators complement chemical measurements, enabling earlier assessment of treatment effectiveness.

Conclusion

Field-based evidence from refinery soil and drilling mud pit remediation shows that bioremediation can achieve
high levels of petroleum hydrocarbon removal in complex solid waste matrices. Removal efficiencies of 90-95%
were attained within six months using low-intensity treatment strategies. The enrichment and stabilization of
hydrocarbon-degrading microbial communities play a central role in treatment success and provide useful
indicators for monitoring progress.

These findings support integrating bioremediation into sustainable management frameworks for petroleum-
contaminated solid wastes, particularly large-volume and legacy waste streams where conventional options are
limited.
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