
Remediation of diesel contaminated humus-rich soil in the thermal 

plasma environment  

D. Gimžauskaitė, A. Tamošiūnas, M. Aikas, R. Uscila 

Lithuanian Energy institute, Plasma processing laboratory, Breslaujos str. 3, Kaunas, Lithuania 

Dovile.Gimzauskaite@lei.lt  

 

 
1. Introduction – The ever-increasing need for goods due to the growing global population, increasing 

scale of the industrialisation, and in parallel, high usage of petroleum-derived fuels inevitably cause soil 

contamination worldwide. The two major soil contaminants released into the environment are heavy 

metals and petroleum hydrocarbons (PHCs). The main sources of soil contamination by PHCs are 

petrochemical industries, petroleum production, waste engine oil, vehicle exhaust, oil spills and 

petroleum sludge. Therefore, accidental spills, leakages from storage tanks, and improper disposal are the 

most known ways of releasing petroleum hydrocarbons (crude oil, diesel, gasoline, jet range fuels) into 

the environment. PHCs excel with high stability and strong persistence in the soil environment. Thus, it 

negatively affects ecosystems, flora, and other living beings, including animals and humans. 

Consequently, the negative impact of the PHCs on the environment encourages researchers to look for 

diverse soil remediation methods seeking to remove petroleum hydrocarbons from the soil. In this 

context, physical, chemical, biological, and thermochemical methods are applied for soil remediation [1-

3]. Plasma treatment has lately come into notice as an alternative thermochemical method for remediation 

of contaminated soils since plasma can decompose organic materials into the beneficial intermediate 

product – synthesis gas. Generally, non-thermal plasma technologies are applied for the treatment of 

polluted soil. Consequently, this experimental research aimed to estimate the thermal water vapor and air 

plasmas’ ability to remediate humus-rich soil contaminated with frequently used PHCs – diesel. The 

influence of contaminant concentration in the soil on the remediation process also was investigated.  

 

2. Experimental - The remediation of contaminated humus-rich soil was performed at plasma torch 

power of 52.8–56 kW, water vapor flow rate of 5.14 g/s, airflow rate of 4.97 g/s and the contaminated soil 

flow rate of 1.5 g/s. The contaminated soil remediation process was carried out under atmospheric 

pressure for almost half an hour (27 min). Soil and produced gas analysis were done before and after the 

remediation with thermal water vapor and air plasmas applying the energy-dispersive X-ray spectroscopy 

(EDX), the scanning electron microscopy (SEM), the elemental analyser, the gas analyser and the 

thermogravimeter.  

 

3. Results and Discussion - Measurements carried out with EDX showed that soil contamination with 

diesel enhanced carbon concentration from 9.86 wt% in the clean soil to 11.30–14.19 wt% in the soil 

contaminated with 80–160 g/kg of diesel. The C concentration in the remediated soil was reduced to 

3.22–5.93 wt% and 3.11–5.71 wt% when water vapor and the air was used as a plasma forming gas, 

respectively. The results obtained with a gas analyser revealed that diesel was mainly converted to 

synthesis gas (H2+CO) and CO2 during the contaminated soil remediation process. SEM images indicated 

that contaminated soil has a rougher surface than clean soil. Further, after the remediation process, the 

soil surface got smoother.    

 

4. Conclusions - 99.9 % contaminant degradation efficiency was obtained during the diesel contaminated 

soil remediation process in the thermal plasma environment regardless of whether the plasma-forming gas 

was water vapor or air. Also, the soil’s contaminant concentration (80–160 g/kg) did not affect the 

degradation efficiency. Moreover, up to 30.6–51.1 vol% of synthesis gas was generated when water vapor 

plasma was used for the contaminated soil remediation process. However, only traces of the synthesis gas 

were observed when the soil was remediated in an air plasma environment. 
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