
Using Environmental Metabolomics 
to Improve Decision Making at 

Chlorinated Solvent Sites





ONE DEGREE RULE

 A small change can help correct our course 
and get us to our goal.

 Understanding the black box of microbiology 
allows us to correct quickly and cost 
effectively.
 What are the dominant organisms present?

 What is the genetic potential for complete reductive 
dechlorination?

 What organisms are competing for available donors?

 Are compounds biodegrading?

 What is likely to happen in the future?

 What is the rate of degradation?



STATE OF REMEDIATION IN THE 1990’S

“An emerging 
technology for the 
remediation of 
ground water…”



REMEDIATION EFFORTS MUST LEAD TO COMPLETE DECHLORINATION

The toxicity of TCE transformation products increase as dechlorination 
proceeds.

This is problematic if the process stalls once cis-DCE and/or VC is produced.



DATA GAPS

• qPCR and QuantArray provide quantitative data for 
microorganisms and gene targets
• What about activity?

• Next Generation Sequencing provides a bigger picture of the 
overall microbiome 
• What about the health of the microbiome?

• Compound Specific Isotope Analysis and Stable Isotope 
Probing provide proof of contaminant degradation
• What about predicting future degradation trends?



METABOLOMICS



METABOLOMICS

 Systematic study of the unique chemical 
fingerprints as the result specific cellular 
processes.

 Metabolome: the collection of all 
metabolites in a biological cell, tissue, 
organ or organism.

 Metabolic profiling: instantaneous 
snapshot of the cell physiology.

http://www.urmc.rochester.edu/labs/Munger-Lab/



METABOLOMICS

• Analysis of all small molecules (MW<1100) 
within an environmental sample

• Identification of 80-100 known compounds
• Comparison of the overall metabolic profile
• Statistical Analysis and pattern recognition

• Predictive capabilities
• Activity of key degraders



 Metabolomics - analysis of 
thousands of small molecules 
from a biological sample

 Trends and patterns can be used 
to predict the health and activity 
of the entire microbiome 

 Allows for a broad screening of 
reductive dechlorination 
potential

MetaArrayTM



SBIR METABOLOMICS STUDY
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cis-DCE

Vinyl chloride

 Commercial 
Bioaugmentation 
consortium (SDC-9)

 Sampling performed in 
intervals to capture stage of 
dechlorination

 Over 10,000 metabolites 
identified

 Both the known and 
unknown metabolites were 
analyzed using PLS-DA plots 

 Differences in stages of 
dechlorination
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SBIR METABOLOMICS STUDY
 Three chlorinated sites

 Belleville Industrial (NJ)
 Former Vickers Facility (MO)
 Earnhart Site (TN)

 Different stages of Dechlorination
 Active RD
 Stall
 Background

 Over 12,000 metabolites identified
 PLS-DA plot clearly distinguishes each 

stage
 VIP scoring identified 5 metabolites that 

could be sentinel for robust RD!



 Each sample’s pattern is 
compared against a database

 MI’s in-house database

 Made up of well-characterized 
samples with known reductive 
dechlorination classifications

 Incorporation of machine 
learning to predict unknown 
samples based on the database

MetaArrayTM

Total Ion Chromatogram

Extracted Ion Chromatograms

Thousands of features per sample



MetaArrayTM Case Study

 Chlorinated solvent site

 QuantArray-Chlor and 
MetaArray

 Site chemistry, geochem, and 
history were not shared before 
analysis



MetaArrayTM Case Study
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Principle Component Analysis

MetaArrayTM Case Study

Low Potential & Low DHC 

Low Potential &10^3 cell/mL DHC 

?



MetaArrayTM Case Study

Low Potential &10^3 cell/mL DHC High Potential

Background

Heavy treatment Area
Excavation
EVO Soil Mixing
ZVI/Hydraulic Fracking 

Bedrock wells
Share the same fracture line



MetaArrayTM Case Study

 Next steps

 Second sampling event

 Compare results 

 Has the DHC and functional gene 
abundance changed

 Does MetaArray indicate in the 
lower potential wells

 Use the MBT results to identify 
the locations with issues

 Reassess strategy in these 
locations



CONCLUSIONS

• Machine learning will continue to grow our 
databases and understanding of the biological 
metabolome.

• Metabolomics has the ability to help us get closer to 
rates of degradation.

• Key sentinel metabolites likely exist to help us 
define degradation potential and predict processes 
or community health.



THANK YOU!
dtaggart@microbe.com
(865) 573-8188 
www.microbe.com


