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Background/Objectives. The use of environmental molecular diagnostics (EMDs), specifically 
molecular biology tools and compound specific isotope analyses, allows for a better 
understanding of biological processes under natural or engineered remedial systems. However, 
EMD data collected from field applications can be confounding when related benchmarks are 
not available. Commonly, these benchmarks are developed from relevant bench-scale research. 
Additionally, paired laboratory and field studies provide opportunities to test hypotheses 
developed based on field observations and to apply lessons learned in the laboratory to 
engineer better remediation systems. 1,4-Dioxane is an emerging contaminant for which 
biological treatment technologies are being evaluated at the field scale. EMDs are becoming 
readily available to provide insight into the relevant biodegradation processes; however, related 
benchmarks are still being developed for which to compare field data.   
 
Approach/Activities. This work includes results from bench-scale microcosms that were 
developed to mimic site conditions during pilot-scale testing of biological treatment technologies. 
A combination of in situ biosparging with propane and air, bioaugmentation, and nutrient 
addition were tested as a remediation alternative at a remediation site where 1,4-dioxane is the 
primary groundwater constituent. Related bench-scale microcosms were constructed from site 
soil and groundwater to monitor 1,4-dioxane biodegradation under biostimulation conditions by 
adding oxygen, nutrients, and/or primary substrate (i.e., propane). Similar bioaugmentation 
microcosms were constructed with the addition of a 1,4-dioxane metabolizing microorganism 
(Pseudonocardia dioxanivorans CB1190) or a propanotrophic microorganism known to 
cometabolically degrade 1,4-dioxane (Rhodococcus ruber ENV425). 
 
Results/Lessons Learned. Chemical, geochemical, genetic, and isotopic data were collected 
during the course of 1,4-dioxane biodegradation in the microcosms and during the biosparge 
pilot test. Due to experimental and analytical challenges, isotopic results are currently 
inconclusive. However, a comparison between field and laboratory observations of substrate 
concentrations and microbial populations has provided valuable insights that have been used to 
design a subsequent expanded pilot test and will inform the design of future metabolic and 
cometabolic biological treatment systems for 1,4-dioxane.  


