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Abstract. The article considers opportunities applying nature-based 
solutions to remediate oil-contaminated sites. It is suggested using such 
industrial wastes as brewer’s spent grain, beet pulp, and lignin as 
structurers. It is demonstrated that structurers bearing such genes as 
Bacillus, Arthrobacter, etc. perform as active petroleum degraders.  It was 

found out that the hydrocarbon removal rate ranged from 90 to 99% for all 
structurers studied. It is recommended using 1% of the lignin-based 

degrader to reduce hydrocarbon content in soils preparing them to the 
future phytoremediation. 

1 Introduction 

2 Materials and methods 
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3 Results and Discussion 

3.1 Developing and implementing nature-based solutions: Key principles 

6]. Resilience, in this context, refers to a system’s 

Most publications discuss climate resilience, defined as the ability to <anticipate, prepare 

related risks, and taking steps to better cope with these risks.= [7
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3.2 Microbial degradation of petroleum hydrocarbon contaminants: A 
practical case 
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can be used as structurers. This study focuses on brewer’s spent grain (BSG), beet 

The Federal Project titled <Circular Economy= aims to increase the use of secondary 

During the experiment, a petroleum degrader was used containing the following 

microorganisms: Bacillus atrophaeus, Pseudomonas spp.; Pseudomonas putida; 

Arthrobacter sp.; Microbacterium flavescens; Bacillus megaterium. 
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Structurer share in contaminated 

samples, % mass 

Hydrocarbon removal rate, % 

Lignin BSG Beet pulp 

1 99.4 97.6 93.5 

2 96.6 95.2 97.1 

5 95.3 89.1 90.8 

10 96.2 94.5 93.9 

4 Conclusion 
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