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

O12
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> 100 pg/L
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The abundance of qPCR biomarkers when the
site was sampled in the second quarter of 2013

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
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For the Dhc qPCR biomarker the following kinetic parameters are available:

V..., cis-DCE V. VC K., cis-DCE K., VC
Culture Reference
mg/gene copy* year mg/L
Dhe VC Cupgloegjt al.
\S/ti::;cr)i;d ;JX 6.6E-07 4.3E-07 0.32 0.16 ESRT 38, 1101-
’ 1107




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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Monitored natural attenuation (MNA) has emerged as a preferred remedial option at many sites
Audio Summary of ER-201730 ., 1 ted by chlorinated solvents because it offers a cost-effective and practical approach for
cleanup of solutes in groundwater. However, existing MNA protocols do not include 1,4-dioxane
and commonly co-occurring chlorinated solvents like 11,1-trichoroethan (1,1,1-TCA), 1.1-dichloroethan

(11-DCA), and 1,)-dichloroethene (1,1-DCE). The objectives of this project were to:

B 0:00/4:52 o )

1. Develop a modified model and framework for evaluating natural attenuation of these compounds.

2. Develop and validate a protocol to directly measure rate constants for natural biodegradation of 1,4-dioxane using *C- labeled
1.4-dioxane and groundwater from 10 different field sites.

3. Use the field and laboratory data to establish if there is consistency between various lines of evidence for 1,4-dioxane
attenuation.

Technology Description

An evaluation of MNA relies on establishing various lines of evidence, including secondary and tertiary lines of evidence that help
demonstrate degradation processes and associated rates that are responsible for the primary line of evidence (decreasing
concentrations of the target compound(s)). This project developed a new fate and transport model to easily evaluate historical
monitoring data to predict biodegradation rate constants as well as new decision matrices (flowcharts) that serve as a guided tour
on how to interpret potential lines of evidence for MNA. These were then integrated into an existing software platform (BioPIC) that
allows users to access both the model and the decision matrices. Several approaches also were used to generate input data to
support and validate the model and framework. First, rate coefficients and lines of evidence for attenuation were calculated and/or
measured at multiple sites using a focused sampling program at 10 field sites. Second, degradation and the associated rate
constants for 1,4-dioxane at these same sites were determined using a 4C-labeled 1,4-dioxane assay developed for this project.
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MNA Rate Constant
Calculator is an
upgraded version of
BIOSCREEN or
BIOCHLOR

You can input the
abundance of a
gPCR biomarker and
it will provide an
estimated rate
constant for
biodegradation.

DioxaneSimple



Biodegradation Rate Constant Estimation Tools (Optional)

6b: Estimate from Biomarker Data

Biomarker Type: First Order Rate Constant
DHC PCE _ (per year)
[Enter Biomarker| TCE - RDEG - (per year)
Data J TCE-RMO - (per year)
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6¢: Initial Estimate from Field Data (Above)

First Order Rate Constant

PCE _ (per year)
TCE _ (per year)
c-DCE (per year)
VC (per year)

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

rate constant for

biodegradation.
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Output of MNA Rate Constant Estimator
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RMSE: "Root Mean Square Error". The lower the number, the better fit between the model and the field data. The number is the typical error between a measured point and the model results.




2013

100 feet

12

Total Chlorinated
Alkenes 2007

Detected

> 100 pg/L

> 10,000 pg/L

I > 200,000 pg/L

Well Distance cis-DCE Vinyl Dhc
Chloride
feet ug/L ug/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
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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

1.E+06
1.E+01
1.E-04
1.E-09
1.E-14
1.E-19
1.E-24
1.E-29
1.E-34
1.E-39
1.E-44
1.E-49
1.E-54
1.E-59
1.E-64

Conc. cis-DCE (pg/L)

Projected Dhc

@ measured

50 100 150

Distance from MW-43 (feet)

200

16



Field Rate |Field Rate| qPCR Dhc | qPCR Dhc
Date . Vinyl . Vinyl
cis-DCE Chloride cis-DCE Chloride
peryear | peryear | peryear | peryear
2007 | 5.3+1.7*
2013 | 5.0£3.3* 6.7 £4.6* 84 o8
2016 | 4.8 £ 1.2*
13.6 +
+ *
2021 | 8.6+7.8 10.8%

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

magnitude.

17



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

Field Rate | Field Rate |gPCR vcrA| gPCR Dhc| qPCR vcrA | gPCR Dhc
Date . Vinyl . . Vinyl Vinyl
cis-DCE Chloride cis-DCE | cis-DCE Chloride Chloride
per year peryear | peryear | peryear 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*

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.

18
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Quantitative Proteomics and Quantitative PCR as Predictors of cis-
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ABSTRACT: Quantitative measurement of process-specific biomarker
genes of Dehalococcoides mccartyi (Dhc) supports monitoring at
chlorinated ethene contaminated sites. In this study, we varied Dhc
cell abundances from ~10° to 10® cells/mL in aquifer microcosms and
correlated the corresponding reductive dehalogenase (RDase) gene and
RDase protein abundances with measured reductive dechlorination
(RD) rates of cis-1,2-dichloroethene (¢cDCE) and vinyl chloride (VC).
An additional set of microcosms tested the RD rate-predictive power of
the regression analyses. These efforts revealed (1) that targeted
proteomics quantifies Dhc biomarker proteins (e.g, TceA and VcrA,
OmeA) over a relevant range of Dhc cell densities, and (2) that protein
and gene abundances can predict RD rates. Protein detection limits
translated to a rate coefficient of 107* day™! (0.04 year™) for both kg
and k,, which is within the range observed at sites undergoing

on
keDCE vs. Biomarker Abundances

1.£003

1.E+02 Fryers
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- o Tpwa
1801 [ Te g L
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4 -
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monitored natural attenuation (MNA) (i.e., without the implementation of enhanced bioremediation treatment). Rates predicted
using a combination of quantitative biomarker gene and protein measurements generally resulted in the best match with
experimentally determined rate constants. These new findings provide evidence that quantitative biomarker measurements may be
useful predictors of in sifu RD rates, which would constitute a major advance for the cost-effective management of contaminated

sites.

Can we do better
if we measure the
abundance of the
Reductase
Enzymes?
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For the TceA Reductase Enzyme the following is available:

Culture Vmax €is-DCE K., cis-DCE Reference
mg/peptide* year mg/L
Dhc DMC195 Rov;/(e) 1e3t al.
ﬁﬁ;ﬁ”ﬁy +2E0 0-28 ES&T 47,3724-
’ 3733
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2021

Well Distance cis-DCE TceA
feet ug/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
100 feet Well cis-DCE by TceA
per year
S5-MW-43 1.01
| enes 2007 S5-MW-21 22.3
Detected SS_MW_42 017
> 100 pg/L
> 10,000 pg/L
I > 100,000 pg/t




cis-DCE degradation in 2021

100000
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10000
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Projected TceA
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Field Rate | qPCR Dhc | qProt TceA

Date

cis-DCE cis-DCE cis-DCE

peryear | peryear | peryear
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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Field Rate | qPCR Dhc | gProt TceA

Date
cis-DCE cis-DCE cis-DCE

per year | peryear | peryear

2007 [5.3+1.7*

2013 |5.0+3.3* 34

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 gPCR marker.




Summary Evaluation:

* Use of the published kinetic parameters allow a
guantitate 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.
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