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Wells that were used in particular years to estimate the field-scale rate of biodegradation. 
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The Study Site is near San Diego, CA. 



Date

Field Rate Field Rate

c-DCE Vinyl Chloride

per year per year

2007 5.3 ± 1.7*
2013 5.0 ± 3.3* 6.7 ± 4.6*
2016 4.8 ± 1.2*

2021 8.6 ± 7.8* 13.6 ± 10.8*

*80% 
Confidence 
Interval
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Well Dhc tceA bvcA vcrA

Gene Copies per mL

43 1.3E+05 7.7E+06 1.4E+05 2.3E+01

21 8.4E+05 4.8E+07 1.9E+06 5.1E+05

44 3.1E+04 1.9E+06 6.2E+03 3.3E+04

42 3.6E+03 1.2E+06 5.0E+02 5.9E+03

30 1.8E+05 8.4E+06 3.0E+05 1.5E+05

41 1.6E+03 6.6E+04 5.4E+01 2.7E+03

12 3.7E+01 7.2E+02 4.4E+01 5.3E+02

The abundance of qPCR biomarkers when the 
site was sampled in the second quarter of 2013
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Culture
Vmax cis-DCE Vmax VC Km cis-DCE Km  VC

Reference

mg/gene copy* year mg/L

Dhc VC
Stanford U.
Victoria, TX

6.6E-07 4.3E-07 0.32 0.16

Cupples et al.
2004

ES&T 38, 1101-
1107

For the Dhc qPCR biomarker the following kinetic parameters are available:
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The
 
(1) kinetic parameters, 
(2) the concentrations of cis-DCE or Vinyl Chloride, 
(3) the abundance of the biomarker in groundwater, and
(4) the retardation coefficient of cis-DCE 
       or Vinyl Chloride 

were used in MNA Rate Constant Estimator to estimate 
a rate constant for biological reductive dechlorination in 
the groundwater sampled at each monitoring well. 
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Search ER-201730 under Groundwater Remediation 
and Management in the SERDP/ESTCP Webpage





MNA Rate Constant 
Calculator is an 

upgraded version of 
BIOSCREEN or 

BIOCHLOR

You can input the 
abundance of a 

qPCR biomarker and 
it will provide an 
estimated rate 

constant for 
biodegradation. 



You can input the 
abundance of a qPCR 
biomarker and it will 
provide an estimated 

rate constant for 
biodegradation. 



Output of MNA Rate Constant Estimator



Well Distance cis-DCE Vinyl 
Chloride

Dhc 

feet µg/L µg/L cells/mL
S5-MW-43 0 23000 13000 1.3E+05

S5-MW-21 38 860 2400 8.4E+05
S5-MW-44 71 60 38 3.1E+04
S5-MW-42 74 1 3.5 3.6E+03
S5-MW-30 121 150 140 1.8E+05
S5-MW-41 168 1 5.3 1.6E+03

Well cis-DCE VC 
per year per year

S5-MW-43 1.7 4.1
S5-MW-21 217 121
S5-MW-44 25 92
S5-MW-42 3.4 2.6
S5-MW-30 117 256
S5-MW-41 1.5 0.8

2144

42

43

41
30

100 feet

2013

12
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MNA Rate Constant Estimator uses a  time-
weighted average of the rate constants in the 
individual wells to estimate an overall rate 
constant associated with the biomarkers. 
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c-DCE degradation in 2013
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Date

Field Rate Field Rate qPCR Dhc qPCR Dhc

cis-DCE Vinyl 
Chloride cis-DCE Vinyl 

Chloride

per year per year per year per year

2007 5.3 ± 1.7*

2013 5.0 ± 3.3* 6.7 ± 4.6* 84 98

2016 4.8 ± 1.2*

2021 8.6 ± 7.8* 13.6 ± 
10.8*

The rate constants estimated from the qPCR biomarkers over-estimated the 
field rate constant for biodegradation of cis-DCE by more than an order of 
magnitude.  
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Date

Field Rate Field Rate qPCR vcrA qPCR Dhc qPCR vcrA qPCR Dhc

cis-DCE Vinyl 
Chloride cis-DCE cis-DCE Vinyl 

Chloride
Vinyl 

Chloride

per year per year per year per year per year per year

2007 5.3 ± 1.7*

2013 5.0 ± 3.3* 6.7 ± 4.6* 59 84 67 98

2016 4.8 ± 1.2*

2021 8.6 ± 7.8* 13.6 ± 10.8*

Rate Constants Predicted from abundance of vcrA gene copy or Dhc gene copy

At the study site, it did not make much difference if the abundance of Dhc or 
vcrA gene copies were used to estimate the rate constants. 
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2022, 2, 43-53

Can we do better 
if we measure the 
abundance of the 
Reductase 
Enzymes? 



Kate Kucharzyk 
provides more details 
on the proteomics 
approach this 
afternoon. 



Culture Vmax cis-DCE Km cis-DCE Reference

mg/peptide* year mg/L

Dhc DMC195
Cornell U.
Ithaca, NY

1.2E-10 0.28

Rowe et al.
2013

ES&T 47,3724-
3733

For the TceA Reductase Enzyme the following is available:
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Well Distance cis-DCE TceA

feet µg/L peptides/mL
S5-MW-43 0 35000 6.3E+08
S5-MW-21 38 22 1.2E+08
S5-MW-42 74 2200 7.7E+06

Well cis-DCE by TceA
per year

S5-MW-43 1.01
S5-MW-21 22.3
S5-MW-42 0.17

21
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MW-
43 MW-

42

MW-
21

cis-DCE degradation in 2021
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Date

Field Rate qPCR Dhc qProt TceA

cis-DCE cis-DCE cis-DCE

per year per year per year

2007 5.3 ± 1.7*

2013 5.0 ± 3.3* 84

2016 4.8 ± 1.2*

2021 8.6 ± 7.8* 11.5

The rate constant for biodegradation of cis-DCE estimated from the 
abundance of the TceA peptides fell within the 80% confidence interval of the 
field scale rate constant.      
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Date

Field Rate qPCR Dhc qProt TceA

cis-DCE cis-DCE cis-DCE

per year per year per year

2007 5.3 ± 1.7*

2013 5.0 ± 3.3* 84

2016 4.8 ± 1.2*

2021 8.6 ± 7.8* 11.5

The rate constant for biodegradation of cis-DCE estimated from the 
abundance of the TceA peptides was a closer match to the field data than the 
rate constant estimated from the abundance of the Dhc qPCR marker.      



Summary Evaluation:

• Use of the published kinetic parameters allow a 
quantitate evaluation of the contribution of biological 
reductive dechlorination. 

 
• A comparison of field scale rate constants to rate 

constants predicted using the biomarkers can 
determine if the biological reductive dechlorination is a 
plausible explanation of the field scale rate constant, 
and thus provides the USEPA second line of evidence. 
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Summary Evaluation:

• The predicted rate constants vary widely from well to 
well. 

 
• The uncertainty in the time-weighted average suggests 

that it will be prudent to repeat the sampling and 
analysis of the biomarkers over several quarters and 
perhaps several years to confirm the central tendency 
of the time weighted averages. 
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Summary Evaluation:

• Targeted Proteomics shows promise of being able to 
provide more precise predictions of rate constants 
compared to biomarkers that measure the abundance 
of DNA. 

 
• Unfortunately, there are no kinetic parameters for the 

VcrA reductase or for the BvcA reductase available in 
the literature.  

• Having these parameters would expand the application 
of targeted proteomics to understand biological 
reductive dechlorination in groundwater. 

28


