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You want the BioPIC Tool. Section 5 of the Final 
Report provides guidance of using a model to extract 
rate constants for biodegradation, and gives more 
detail than is provided in the decision criteria and 
help buttons of the BioPIC tool. 
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(1) Historical groundwater and/or soil chemistry data 
that demonstrate a clear and meaningful trend of 
decreasing contaminant mass and/or concentration 
over time at appropriate monitoring or sampling 
points. 

(In the case of a groundwater plume, decreasing 
concentrations should not be solely the result of 
plume migration. In the case of inorganic 
contaminants, the primary attenuating mechanism 
should also be understood.) 

7 

(2) Hydrogeologic and geochemical data that can be 
used to demonstrate indirectly the type(s) of 
natural attenuation processes active at the site, 
and the rate at which such processes will reduce 
contaminant concentrations to required levels. 
For example characterization data may be used to For example, characterization data may be used to 
quantify the rates of contaminant sorption, 
dilution, or volatilization, or to demonstrate and 
quantify the rates of biological degradation 
processes occurring at the site. 

8 

Unless EPA or the overseeing regulatory authority 
determines that historical data (Number 1 above) are of 
sufficient quality and duration to support a decision to use 
MNA, data characterizing the nature and rates of natural 
attenuation processes at the site (Number 2 above) should 
be provided.be provided. 

9 

Is the entire plume required to meet the goal? 

If so, at what date must concentrations in the 
plume meet the cleanup level? 

The performance depends on the success of source 
treatment, and the kinetics of natural attenuation of the 
source.  

These processes can not be evaluated or understood using 
Compound Specific Isotope Analysis (CSIA) or Molecular 
Biological Tools (MBT). 

How far can the plume be allowed to extend? 

Will the rate of attenuation bring the highest 
concentrations in groundwater to acceptable 
concentrations before the groundwater reaches the 
receptor of the sentry well? 

Evaluated by extracting a rate constant from field data for 
the rate of degradation necessary to meet the goal. 

Compound Specific Isotope Analysis (CSIA) or Molecular 
Biological Tools (MBT) can provide a second line evidence 
to support a site conceptual model.   
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The decision logic in BioPIC 
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Start 

Does Natural Yes No Does Natural 
Attenuation Currently 

Meet the Goal? 
(1) 

13 

Use a computer model to project the previous behavior 
of the contamination forward in space and time.  

Will contaminants in the plume extend past the point 
of compliance at unacceptable concentrations? 

Yes. MNA not 
Adequate 

14 

Microbiology of Reductive 
Dechlorination of Chloroethenes 

Can accumulate if requisite bacteria 
are not present 

Dehalobacter 
Dehalospirillum 
Desulfitobacterium 
Desulfuromonas 
Dehalococcoides 

some strains of 
Dehalococcoides 
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NoNo 

Yes 

Start 

Evaluate Biostimulation 
And  

Evaluate Bioaugmentation 
See 

Overview Biostim Bioaug 

Are Reductive 
Dehalogenase Genes 

Present? 
(2) 

Does Natural 
Attenuation Currently 

Meet the Goal? 
(1) 

Evaluate Biostimulation 
See 

Overview Biostim Bioaug 

Assays based on the Quantitative Polymerase Chain Reaction (qPCR) 
are used to identify the presence of organisms with genes that can 
degrade chlorinatred alkenes to harmless end products. 

If the density of the pceA, tceA, bvcA, or vcrA genes are greater than 
1000 gene copies per liter of groundwater, that gene is considered to 
be present. 
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Start 

Does Natural Yes No Does Natural 
Attenuation Currently 

Meet the Goal? 
(1) 

17 

Use a computer model to project the previous behavior 
of the contamination forward in space and time.  

Will contaminants in the plume extend past the point 
of compliance at unacceptable concentrations? 
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Data Needs for Effective Application of MNA and In-Situ 
Bioremediation Featuring Framework to Apply Novel Molecular and Wilson –4 
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Yes No 

YesPCE VC 

Start 

Does Natural 
Attenuation Currently 

Meet the Goal? 
(1) 

Is the EPA 2nd 
Line of Evidence 

Required? 
(3) 

MNA without 2nd Line 
of Evidence 

TCE DCE 

19 

Yes 

NoIs VC Present? 
(4) 

No Line of Evidence 
Required for VC 

VC 
The primary 
line of evidence 
for degradation 
is the projection 
of the computer 
model. 

The secondary 
line of evidence 

VC Degradation 

VC Attenuation Caused by 
Dilution and Dispersion 

No 

Yes 

Is VC Degrading? 
(5) 

line of evidence 
is stable 
isotopic 
fractionation as 
revealed by 
CSIA. 

20 

The secondary line of evidence is stable isotopic fractionation as revealed by CSIA. 
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Compare the rate 

YesDoes Dhc Density 
Explain the VC 
Rate Constant? 

(6) 

Quantitative Line of 
Evidence for Anaerobic 

Microbial VC Degradation 

Does Magnetic Quantitative Line of 
Susceptibility Explain the Evidence for Abiotic VC 

Compare the rate of 
Yesof degradation degradation and 

and the density of the magnetic 
Dehalococcoides susceptibility of 
bacteria at the sediment at the site 
site to the rate of to the rate of 
degradation and degradation and 
the density of 

No magnetic 
Dehalococcoides susceptibility at 
at benchmark benchmark sites. 
sites. Yes 

No 

Adequate 
Oxygen for Aerobic VC 

Biodegradation? 
(8) 

No 

VC Degradation not 
Explained 

VC Rate Constant? 
(7) 

Yes Qualitative Line of 
Evidence for Aerobic VC 

Biodegradation 

Degradation 

Adequate oxygen is 
defined by the 
absence of Fe+2 and 
methane in addition 
to the presence of 
oxygen. 
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Carried out by Biological Reductive Dechlorination 

Sequential ReductivSequential Reductivee DechlorinationDechlorination 

also calledalso called HyHydrogenolydrogenolyssisis 
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Can biotic degradation by Dehalococcoides bacteria 
explain the field-scale rate constant for degradation? 

Overwrite Input Cells 
with Data 

Specific to Your Site 
Input 

First order rate constant 
for degradationfor degradation pCR AssaypCR Assay 

per year Gene Copies per Liter 

TCE Dehaloccoides 16sRNA 8.00E+08 
cis-DCE 2.5 

Vinyl Chloride 2.8 

Excel Spreadsheet Dhc explain rates.xlsx. 

24 



   

 

 

   

 
 

   

 

 

 

 

 

 

   

 

Data Needs for Effective Application of MNA and In-Situ 
Bioremediation Featuring Framework to Apply Novel Molecular and Wilson –5 
Other Screening Tools for MNA Evaluations 

1.00 

10.00 

100.00 

Ra
te

 -
VC

 (1
/y

ea
r)

Your Data 

0.01 

0.10 

1.0E+04 1.0E+05 1.0E+06 1.0E+07 1.0E+08 1.0E+09 1.0E+10 

Fi
rs

t 
O

rd
er

 

Density of Dehalococcoides Cells (gene copies per liter) 

Your Data 

If your data falls within the 
blue shape defined by the 
benchmark sites, then the 
density of Dhc explains your 
rate constants. 
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Magnetite (FeO.Fe2O3) often 
occurs naturally in sediments 
formed by weathering of 
igneous or metamorphic rock. 

M tit l bMagnetite can also be 
produced in situ by iron-
reducing bacteria. 

26 

Magnetite can degrade TCE or cis-DCE or Vinyl Chloride to 
oxidized products under either aerobic or anaerobic 
conditions. 

If the TCE or cis-DCE is degraded by magnetite, there is no 
production of Vinyl Chloride. 

ClClClClClCl ClClClClClCl ClCl ClClClClClCl ClClClCl ClClClClClCl HHHHHH
 

C=CC=CC=CC=CC=CC=C C=CC=CC=CC=CC=CC=C C=CC=CC=CC=CC=CC=C
 

ClClClClClCl
 HHHHHHHHHHHH HHHHHH HHHHHH HHHHHH 

CO2 and other oxidized products 
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Example 5/1/1996 

PCE in microcosms 

TCE in microcosms 

cis-DCE in microcosms 

VC in microcosms 

DCE at Plattsburgh 

0.01 
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V
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Magnetic Susceptibility (m3 kg-1) 

VC at Plattsburgh 

TCE at Hopewell 

cis-DCE Site A at TCAAP 

TCE OU-3 at TCAAP 

29 

For the purposes of this decision support system, 
oxygen is considered to be available for aerobic 
biodegradation of VC when all of the following 
criteria are met: 

Dissolved oxygen concentrations measured in the 
field exceed 0.1 mg/L.field exceed 0.1 mg/L. 

Ferrous iron (Fe2+) concentrations are below 0.5 
mg/L. 

Methane concentrations are below 0.005 mg/L. 

30 
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Data Needs for Effective Application of MNA and In-Situ 
Bioremediation Featuring Framework to Apply Novel Molecular and Wilson –6 
Other Screening Tools for MNA Evaluations 

The decision logic for DCE parallels 
the decision logic for Vinyl Chloride. 

Yes Yes 

VC Attenuation Caused by 
Dilution and Dispersion 

Yes 

No 

NoIs VC Present? 
(4) 

Is VC Degrading? 
(5) 

No Line of Evidence 

DCE Attenuation Caused byNoIs DCE Degrading? 

Required for VC 
Is DCE Present? 

(9) 

No No Line of Evidence 
Required for DCE 

Dilution and Dispersion(10) 

Yes 

DCE VC 

Quantitative Line of 
Evidence for Anaerobic 

Microbial DCE Degradation 

Quantitative Line of 
Evidence for Abiotic DCE 

Degradation 

Qualitative Line of 
Evidence for Aerobic DCE 

Biodegradation 

Yes 

Yes Does Magnetic 
Susceptibility Explain the 

Does Dhc Density 

DCE Rate Constant? 
(12) 

Adequate 
Oxygen for Aerobic Yes 

DCE Biodegradation? 
(13) 

No 

No 

DCE Degradation 
not Explained 

Explain the DCE 
Rate Constant? 

(11) 

No 

Yes 

No 

Yes 

No 

Yes 

No 

Does Dhc Density 
Explain the VC 
Rate Constant? 

(6) 

Adequate 
Oxygen for Aerobic VC 

Biodegradation? 
(8) 

Quantitative Line of 
Evidence for Anaerobic 

Microbial VC Degradation 

VC Degradation not 
Explained 

Does Magnetic Quantitative Line of 
Susceptibility Explain the Evidence for Abiotic VC 

VC Rate Constant? Degradation 
(7) 

Qualitative Line of 
Evidence for Aerobic VC 

Biodegradation 

31 

TCE Degradation 

TCE Attenuation Caused by 
Dilution and Dispersion 

Are DCE or VC 
P t i R l t 

Evidence for at least some 
reductive dechlorination 

NoIs TCE Degrading? 
(15) 

Yes
Are 

DCE or VC Present? 
(16) 

Yes 

Present in Relevant 
Concentrations? 

(17) 

YesNo 

Qualitative Line of Evidence 
for TCE Biodegradation. 

Consider Determining pceA 
and tceA Gene Abundances 

No 

relevant 
concentrations. 
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If the sum of 
cDCE, tDCE and 
VC is more than 
5% of the 
concentration 
of TCE on a 
mole basis, then 
cDCE, tDCE and 
VC are present. 

If the sum of 
cDCE, tDCE and 
VC is more than 
25% of the 
concentration of 
TCE on a mole 
basis, then cDCE, 
tDCE and VC are 
present at 

No TCE Attenuation Caused by 
Dilution and Dispersion 

Are DCE or VC 
Present in Relevant 

Evidence for at least some 
reductive dechlorination 

Is TCE Degrading? 
(15) 

Are 
DCE or VC Present? 

(16) 

Many organisms can 
degrade TCE.Yes 

There is no simple 
association of the rate of 
degradation and the 
density of 
Dehalococcoides bacteria 
at the site. 

Yes 

No 

Present in Relevant 
Concentrations? 

(17) 

Yes 

Qualitative Line of Evidence 
for TCE Biodegradation. 

Consider Determining pceA 
and tceA Gene Abundances 

The density of the 
reductase genes provides 

No a qualitative line of 
evidence. 
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Reactive iron sulfide minerals are 
formed during sulfate reduction and 
will form over time as sulfate 
reduction progresses and ferrous iron 

No 
is dissolved in the groundwater. 

However, the reactive iron sulfide 
minerals are inactivated over time at a 
rate that is proportional to the amount 
of reactive minerals that have already No 

accumulated. 

Yes Does Magnetic 
Susceptibility Explain the 

TCE Rate Constant? 
(18) 

Quantitative Line of 
Evidence for Abiotic TCE 

Degradation 

YesThe pool of reactive iron sulfide will 
increase until the rate of production 
from sulfate reduction is balanced by 

Does Iron Sulfide 
Explain the TCE Rate 

Constant? 

Quantitative Line of 

(19) 

Evidence for Abiotic TCE 
Degradation 

Nothe rate of inactivation. 

The rate of TCE degradation mediated 
TCE Degradation not 

Explained 

by reactive iron sulfide minerals is 
related to the steady-state pool of 
reactive iron sulfide. 

Sequential Reductive

also called Hydrogenolysis

C=C

ClCl

Cl H

C=C

ClCl

H H

C=C

HCl

H H

Sequential Reductive Dechlorination 

also called Hydrogenolysis 

C=C

ClCl

Cl H

C=C

ClCl

H H

C=C

HCl

H H

C=C

ClCl

Cl H

C=C

ClCl

H H

C=C

HCl

H H

C=C

ClCl

Cl H

C=C 

ClCl 

Cl H 

C=C

ClCl

H H

C=C 

ClCl 

H H 

C=C

HCl

H H

C=C 

HCl 

H H 

Carried out by FeS and Pyrite (FeS2) and Green Rusts 

Cl H H H H H

HC CCl

HC CH

HC CH

Reductive

Beta Elimination

Cl H H H H H

HCl

HH

HH 

Reductive

Beta Elimination

Reductive

Beta Elimination

Cl H H H H H

HCl

HH

Cl HCl H H HH H H HH H 

HCl HCl 

HH HH 

Reductive 

Beta Elimination 

FeS does not react at a 
significant rate with 
DCE or Vinyl Chloride. 

35 

The spreadsheets use data on the effective porosity, hydraulic 
gradient and hydraulic conductivity, distance between wells, 
concentrations of sulfate and sulfide in groundwater, and pH. 

36 
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Data Needs for Effective Application of MNA and In-Situ 
Bioremediation Featuring Framework to Apply Novel Molecular and Wilson –7 
Other Screening Tools for MNA Evaluations 

The primary line NoIs PCE Degrading? 
(21) 

Are 
TCE, DCE, or VC 

Present in Relevant 
Concentrations? 

(23) 

Evidence for at least some 
reductive dechlorination 

Are TCE, DCE, 
or VC Present? 

(22) 

PCE Attenuation Caused by 
Dilution and Dispersion 

Yes 

Yes No 

Quantitative Line of 
Evidence for Abiotic PCE 

Degradation 

Yes 

No 

No 

PCE Degradation not 
Explained 

Does Magnetic 
Susceptibility Explain 

the PCE Rate Constant? 
(24) 

Qualitative Line of Evidence 
for PCE Biodegradation. 
Consider Determining 

Yes 

pceA Gene Abundance 

PCE
of evidence for 
degradation is Degradation 
the projection of Yes 

the computer 
Many organisms can model. 
degrade TCE. 

The secondary 
There is no simple line of evidence is 
association of the stable isotopic 
rate of degradation fractionation as 
and the density of revealed byy  CSIA. 
D hDehallococcoidid  es 
bacteria at the site. 

The density of the 
reductase genes 
provides a qualitative 
line of evidence. 

37 

The decision logic 
for PCE parallels 
the decision logic 
for TCE, except 
there is no 
evaluation of 

No Line of Evidence 
Required for PCE 

Is PCE Present? 
(20) 

No 

Is PCE Degrading? 
(21) 

No 

Are TCE, DCE, 
or VC Present? 

(22) 

Yes 

Yes 

Are 
TCE, DCE, or VC 

Present in Relevant 
Concentrations? 

Evidence for at least some 
reductive dechlorination 

PCE Attenuation Caused by 
Dilution and Dispersion 

Yes 

TCE PCE 

No Line of Evidence 
Required for TCE 

TCE Attenuation Caused by 
Dilution and Dispersion 

Are DCE or VC 
Present in Relevant 

Concentrations? 
(17) 

Evidence for at least some 
reductive dechlorination 

Is TCE Present? 
(14) 

No 

NoIs TCE Degrading? 
(15) 

Yes 

Yes 

s 

Are 
DCE or VC Present? 

(16) 

Yes 

evaluation of 
abiotic degradation 
on FeS. 

Quantitative Line of 
Evidence for Abiotic PCE 

Degradation 

Yes 

No 

No 

PCE Degradation not 
Explained 

Does Magnetic 
Susceptibility Explain the 

PCE Rate Constant? 
(24) 

(23) 

Yes 

Qualitative Line of Evidence 
for PCE Biodegradation. 
Consider Determining 
pceA Gene Abundance 

No 

Yes 

No 

TCE Degradation not 
Explained 

Yes 

Does Magnetic 
Susceptibility Explain the 

TCE Rate Constant? 
(18) 

Does Iron Sulfide 
Explain the TCE Rate 

Constant? 
(19) 

Quantitative Line of 
Evidence for Abiotic TCE 

Degradation 

Quantitative Line of 
Evidence for Abiotic TCE 

Degradation 

(17) 

Yes No 

Qualitative Line of Evidence 
for TCE Biodegradation. 

Consider Determining pceA 
and tceA Gene Abundances 

No 

No 

38 

It is all organized in a decision guide. 

39 40 

41 42 
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John Wilson is a 
Principal Scientist with 
Scissortail Environmental 
Solutions, LLC. 

He worked for 35 years 
for the U.S. Environmental 
Protection Agency. 

Search the Internet for Remediapedia! 

Monitored Natural Attenuation (MNA) 
MNA of Petroleum Hydrocarbons and Fuel Components 
MNA of Chlorinated Solvents 
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