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1. Introduction 

The entire eastern Mediterranean is swimming in huge untapped oil and gas (O&G) reserves. Thus, drilling 

operations have recently increased considerably in Cyprus necessitating the safe disposal of drilling waste (DW, 

drill cuttings (DC), drilling fluid and mud) currently posing important waste management and environmental 

problems mainly due to the vast quantities generated and the high content in contaminants.  IESC Ltd and Cyprus 

University of Technology currently aim to develop an enhanced hybrid ozone oxidation-bioremediation system at 

pilot-scale for DC treatment producing added-value compost as well as a consortium of microorganisms with 

applicability in bioremediation of similar waste.  

The study of population dynamics through qPCR may quantify the expression of specific metabolic routes 

involved in the biodegradation of different pollutants [1]. Furthermore, metagenomic methods, such as Next 

Generation Sequencing (NGS), employed for assessing the composition of entire environmental communities in a 

variety of microbial habitats have resulted in discovering new genes and gene products from uncultivated 

microorganisms, assembling whole genomes [2]. Recent NGS studies applied in hydrocarbon bioremediation 

processes have shown the crucial effect of these techniques in identifying, monitoring and estimating the 

proportions of degrading populations during soil bioremediation providing information for novel biocatalysts and 

enzymes involved [3].  

The proposed waste management technology is expected to significantly reduce current thermal processing 

costs, while the company aims in eventually moving the novel technology for DC management to full scale and to 

increase its competitiveness through production of added-value commodities. The work is part of the OzoneBioPro 

project, which is funded from the Research and Innovation Foundation of Cyprus.   

2. Methods 

Operation of the pilot system: DC treatment involved ozonation in a 0.3 m3 reactor followed by bioremediation 

(1 m3 each installation) through composting with the addition of green waste and activated sludge. Various process 

parameters in ozonation and bioremediation were evaluated.   

Molecular biology techniques: Total RNA isolation, cDNA synthesis and Quantitative Real-Time Polymerase 

Chain Reaction (Q-RT-PCR) was conducted as previously described [4]. 

Isolation of microbial degraders: Samples of untreated DC including oil contaminated soil and activated sludge 

were used respectively. The isolation procedure was conducted using minimal medium (M9) supplemented with 

drill cutting fluid following the procedure applied in [1]. The microbial isolates were identified through DNA 

extraction followed by PCR amplification, while the PCR products were sequenced using Next-Generation 

Sequencing (Macrogen, the Netherlands). Analysis of obtained sequences was performed using the BLAST NCBI 

database.  

 

3. Results and discussion 

A microorganism adapted to DW was isolated exhibiting enhanced oil removal efficiency from drilling fluid, 

mud and DC even under extreme salinity conditions. The strain could produce biosurfactants and bioplastics at 

elevated contents using drilling fluid, while the expression of genes typically employed for the production of the 

aforementioned added-value products was monitored to characterize its metabolic properties (Figure 1). 

Polyhydroxyalkanoates and putisolvin were produced as added-value products from the hazardous waste, while 

the removal of various toxic molecules including n-dodecane, n-tetradecane and naphthalene was determined in 

the experiments. A pilot unit was designed and constructed at IESC Ltd evaluating the performance of the hybrid 

system for DC treatment. The presentation will include evaluation of the performance of the ozonation-

bioremediation system for DC treatment, evaluation of the microbial dynamics in the bioprocess using NGS and 

qPCR as well as characterization of the microbial consortium constructed for enhancement of DC bioremediation. 
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Figure 1. Transcription from P. cintronellolis genes encoding for: A) bioplastics, B) biosurfactants and C) alkanes-

naphthalene biodegradation.    

4. Conclusions 

Application of NGS and qPCR for monitoring the microbial diversity, the genomes of all microorganisms 

incorporated and expression from specific metabolic routes in DC bioremediation will progress research beyond 

the current state-of-the-art through correlation of microbial diversity with the efficiency of bioremediation under 

different process conditions. 
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