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Site description

• A machine- and surface 
treatment company was 
situated at the site from 
1982-2001. Applied TCE as 
degreaser from 1990-2001.

• 26 boreholes 
(several with two screens)

Sand

Clay with sand stringers

Focus 
area

5 m/year
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Redox conditions



Microbial analysis

• Abundance of DHC and 
bvcA and vcrA genes 
highest in B404

• Functional genes are 
present in boreholes 
downstream source



Conceptual 
understanding Geology Flow direction

Degradation 
potential

Geochemical 
measurements

Microarrays 
(QuantArray-Chlor)

Degradation 
documentation

Contaminant 
concentrations

Compound specific 
isotope analysis 

(CSIA)

Assessment Integrated 
approach

Degradation documentation



Contaminant concentrations 

Max. conc. 
130 µg/L

Max. conc. 
700 µg/L

Max. conc. 
120 µg/L

TCE cis-DCE VC Ethene + Ethane



Molar fractions and degree of dechlorination

Molar 
fractions (%)



δ13C value of the mother compound 

• Lowest observed δ13C value of TCE is -26.3 ‰

• Calculated initial δ13C value in source of -25.5 ‰

δ C
TCE δ C cisDCE δ C VC δ C 	



δ13C values of the degradation products



Extent of degradation

Estimation of the degradation extent can be done by(Badin et al. 2016): 1 exp ∆

13-25%

1.7-3.5%

3.0-6.2%

17-24%

9.2-13%



Degradation rate

• Degradation rate (Morrill et al. 2005):

	

1000 · ln /1000 1
/1000 1

• Lumped enrichment factors (Aeppli et al. 2010):

∑ 	 	 ∑

• Lumped degradation (TCE  Ethene):

Conservative enrichment factors: 
k(B404)  = 0.021-0.052yr-1 (t½ = 33-13 years)
Non-conservative enrichment factors:
k(B404)  = 0.042-0.075yr-1 (t½ = 16-9 years)
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Assessment of degradation at the site
• Presence of degradation products documents degradation, however it does not document 

where the biodegradation occurs.

• The biodegradation potential, determined by the abundance of specific degraders and 
functional genes, was highest near the source zone and less abundant down-gradient. 

• The highest enrichment in the δ13C value for cis-DCE at the front of the plume. For VC it was 
found near the source zone, indicating currently higher degradation near the source zone 
than in the past and less potential for further degradation down-gradient.

• Combination of microbial analysis and CSIA provide a more robust characterization of the 
biodegradation – where and when the degradation is occurring.

• Isotope mass balances and a lumped variable enrichment factor further facilitate the 
quantification of biodegradation. 

• The integrated approach provided essential information for the evaluation of the 
occurrence, extent and rate of the natural biodegradation at the site.



Comments on integrated approach in general

• Making a conceptual model is important.

• No stand-alone method exist to quantify and characterize degradation – you need to 
combine methods in order to be able to conclude anything. It is important to consider which 
methods you apply and when, also how they can be compared (spatially and temporally).

• For stable carbon isotope analysis it should be prioritized the highest to collect samples 
along the flow line from the source zone.

• Consider which bacteria and genes to look after for biodegradation potential.

• Additional parameters that could be included in the integrated approach:
• Dual-isotope analysis
• RNA analysis
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