
At the study site, groundwater was impacted by benzene, toluene, ethylbenzene, and 
xylenes (BTEX).  Subsurface conditions were anaerobic and site managers wanted a 
cost effective way to evaluate monitored natural attenuation (MNA) and determine 
whether injection of an oxygen releasing product would stimulate growth of aerobic 
BTEX degrading bacteria and enhance bioremediation.

PROJECT CHALLENGE

In Situ Microcosms (ISMs) are field deployed microcosm units, each representing a 
different treatment strategy.  For the study site, ISMs composed of an unamended 
MNA unit and an Oxygen Amended unit were deployed in impacted monitoring 
wells for approximately 35 days. Following deployment, the ISMs were retrieved and 
shipped to Microbial Insights for analysis. Each ISM unit contained passive samplers 
including a passive diffusion bag (PDB) for VOCs and a Bio-Trap® for QuantArray-
Petro quantification of a broad spectrum of functional genes involved in BTEX 
biodegradation.  

IN SITU MICROCOSMS AND ANALYSIS

	 •	 An In Situ Microcosm study was conducted to evaluate MNA and enhanced 	
		  aerobic bioremediation at a petroleum impacted site.

	 •	 ISM assemblies, each composed of an unamended MNA unit and an Oxygen 	
		  Amended unit, were deployed in existing monitoring wells for 35 days.

	 •	 Following in-well deployment, QuantArray®-Petro demonstrated that 		
		  concentrations of toluene/benzene dioxygenase (TOD), toluene 			 
		  monooxygenase (RMO, RDEG), and other functional genes were more than 	
		  an order of magnitude greater in the Oxygen Amended units indicating that 	
		  oxygen releasing product would stimulate growth of aerobic BTEX degraders.

PROJECT SUMMARY

In Situ Microcosms (ISMs)
MNA vs Enhanced Aerobic Bioremediation



An ISM assembly, with an unamended MNA unit and an Oxygen Amended unit, was 
deployed in an existing monitoring well in the former source area. A portion of the 
post-deployment QuantArray-Petro results is shown in the figure below.

	 •	 In the MNA unit (blue bars), toluene/benzene dioxygenase (TOD), ring 		
		  hydroxylating toluene monooxygenase (RMO, RDEG), phenol hydroxylase 		
		  (PHE) and additional functional genes (TOL, EDO) responsible for aerobic BTEX 	
		  biodegradation as well as MTBE-utilizing strain PM1 were all detected. 

	 •	 While indicating the potential for aerobic BTEX and MTBE biodegradation, 		
		  concentrations of these aromatic oxygenase genes were relative low to 		
		  moderate in the MNA unit. 

	 •	 Conversely, concentrations of TOD, RMO, RDEG, PHE, TOL, and EDO in the 		
		  Oxygen Amended unit (orange bars) were on the order of 104 to 105 cells/		
		  bead - at least an order of magnitude greater than observed in the MNA unit. 

	 •	 In fact, RMO, RDEG, PHE and TOL concentrations in the Oxygen Amended 		
		  unit were high, each ranking near the 90th percentile in the Microbial Insights 	
		  Database. 

Overall, concentrations of TOD, RMO, PHE and other key functional genes were 
substantially greater in the Oxygen Amended unit suggesting that oxygen stimulated 
growth of aerobic BTEX degraders. In addition, the ISM units also contained PDBs for 
VOCs analysis. The total BTEX concentration in the Oxygen Amended unit was 78% 
lower than observed in the MNA unit. 

Decision: An oxygen releasing product was injected in the former source area based 
ISM results indicating growth of aerobic BTEX degraders and a decrease in total BTEX 
concentration in response to oxygen addition.  
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	 •	 Cost Effective: Simultaneous evaluation of multiple remediation options at a 	
		  fraction of the cost of a lab bench treatability study or pilot scale study.

	 •	 In Situ: Performed in existing monitoring wells at the site under field conditions.

	 •	 Conclusive: QuantArray-Petro demonstrated substantial increases six 		
		  different functional genes responsible for aerobic BTEX biodegradation.

	 •	 Multiple Lines of Evidence: In addition to increases in BTEX degraders, 		
		  VOCs analysis of PDBs indicated a 78% reduction in total BTEX in the Oxygen 	
		  Amended unit.

KEY BENEFITS

In Situ Microcosms (ISMs)
MNA vs Enhanced Aerobic Bioremediation

LAB LOCATIONS

Microbial Insights, Inc. USA

10515 Research Drive, Knoxville, TN 37932 USA

Microbial Insights Canada, c/oEBPI

735 Griffith Court, Burlington Ontario, L7L 5R9

Microbial Insights (Australia) Pty Ltd, c/o AGRF Ltd

Plant Genomics Centre, Hartley Grove, Urrbrae SA 5064, Australia

Microbial Insights Europe, c/o Avecom

Industrieweg 122P, B-9032 Wondelgem, Belgium

Microbial Insights Europe (Germany), c/o Sensatec

Tempelhofer Weg 8, 12099 Berlin Germany

Microbial Insights China, Xiuying Li (cell# 13204027102)

Institute of Applied Ecology, Chinese Academy of Sciences

72 Yunong Road, Shenyang, Liaoning, 110164 China


