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Background

Monitored Natural Attenuation
(MNA) - attenuation without active
human intervention other than
monitoring

MNA is often less expensive than
active remedies for contaminated
groundwater

EPA MNA protocol for chlorinated
solvents is based on the paradigm
that chloroethenes degrade under
anaerobic, but not aerobic
conditions, hence the presence of
aerobic conditions often eliminates
MNA from consideration as a
remedy

North Wind

SEPA

United States Office of Research and EPAJBDIVR-D5/128
Environmenta | Protection Development September 1958

Agency Washington DC 20480

Technical Protocol for
Evaluating Natural
Attenuation of Chlorinated
Solvents in Ground Water



Chloroethene Degradation In

Anaerobic Pathway

Trichloroethene

©,
® ©

3 |
® O

=

®. ® O
(=

®@ & 0

/

O
x=

AN

&

m
=

® @ O
—

e®,
Q
ole

North Wind

e® O

Groundwater

rerebic Faway Aerobic
@ @ .
o  PCE: recalcitrant
Meno @ ﬂ ®
JReicl e TCE: cometabolic
ﬂ oxidation
QPO
jolof
© ﬂké@ « DCE, vinyl chloride:
Qe® direct utilization as
o [l carbon and energy
Q" source
jaloy
@ ®



Cometabolism

e Fortuitous transformation of a substrate by an
enzyme designed to react with a different
substrate, without providing energy or carbon to
the organism that produced the enzyme

 Requires the presence of a primary substrate
(methane, toluene, phenols,....) and enzymes
produced to react with the primary substrate that
also react with a cometabolic substrate
(TCE)
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Objectives

* Improve understanding of TCE degradation via
cometabolism in aerobic groundwater

 Determine the effects of biogeochemistry
(methane production and consumption) and
hydrology (flow velocity) on TCE cometabolism

e Derive relationships between the expression
levels of key genes related to TCE
cometabolism, enzyme activity, and TCE
transformation rates
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TCE In Aerobic Groundwater at

Test Area North
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Evidence for TCE Attenuation In
the TAN Plume

e Tritium and PCE are
conservative at TAN Tracer Corrected Method

o If TCE, tritium, and PCE
had the same source
function and transport
properties, then
TCE/PCE and TCE/*H

k=-mV
Tx=In2/k
m
would be constant along

the flowpath \

dC/dt=-kC

Ln (TCE/Conservative
Cocontaminant)

« If TCE degrades, then Distance
ratios would decline with

distance downgradient

North Wind



TCE Degradation at TAN
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Evidence for TCE Degradation in

Other Aerobic Groundwater
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Critique of the TCM Approach

ADVANTAGES

» Uses existing data

 Provides information on
kinetics

« May reveal degradation trend

that is not apparent in
concentration data alone

DISADVANTAGES

Lack of conservative co-
contaminants limits application
(< 10% of plumes screened)

Co-contaminants are often
hazardous => MNA not
feasible

No information on attenuation
mechanisms

Data are often noisy,
low R?

Assumptions difficult to verify

Need to Develop Additional Techniques that Provide
Information on Attenuation Mechanisms and Kinetics

North Wind
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Microbiological Approach-|

Does the microbial community
have the genetic capability to
produce sMMQO?

Determine the presence of the
functional gene, mmoX, that
encodes for the sMMO
enzyme, and the amount of
SMMO expressed

Quantitative Polymerase Chain
Reaction (pPCR), MS/MS

Applied to lab cultures and
natural biofilms
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Microbial Approach-I|

° Does the m|CrOb|a| Quantitative Reverse Transcription PCR:

CO m m u n Ity eXp reSS ;}6 @ %?E@:;)Mixed Population of Bacterial Cells

its ability to produce =" = [ ruwsomtion
sMMQO? }

%}f%’* Total RNA (rRNA, mRNA, tRNA)
e RNA based
technigues
q IIIII RT Primer + $RNA =\ CDNA

 |INL
’ Quantitative Real Time PCR ‘

— Debra Newby 1

hv
T, fl

. ! I, , mmoX Primers uor quenche = 'mm =
— Joni Barnes T R I S T

|
5’-exonuclease

— Lynn Petzke probe

’ Reverse Transcription ‘
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Microbial Approach-Il|

e Are enzymes involved in
TCE cometabolism active
In the microbial
community?

 Enzyme Activity Probes
to assay for sMMO and
other cometabolic
enzymes

 Fluorescent In Situ
Hybridization (FISH)
 North Wind
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What is an enzyme activity probe?
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Stable Isotope Geochemical
Approach

e Use changes in 33C/2C in
chloroethenes, methane,

Methane Oxidation

and DIC to make QR G s e
Inferences about TCE i /
transformation pathways, PO S
methane oxidation rate, P

and to determine the fate

Of Carbon Carbon Isotope Fractionation During

Bacterial Methane Oxidation

 Lawrence Berkeley
National Laboratory
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Combined Field and Lab Studies

UP 1 surface column

Methane enrichment

Inlet from wel
[Th |
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e Focus on methanotrophs | l It
at TAN \\‘ /4/

» Year 1: Develop / prove o
techniques using pure
culture (OB3b), mixed
culture derived from TAN,
and biofilm from the
Snake River Plain Aquifer

e Years 2 and 3:
Characterize the
microbial community in
the TAN TCE plume

Packed column
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Collection of a Representative

Microbial Community

e Flow Through In Situ
Reactors - FTISR

e Packed with crushed
pasalt

e Placed into well in
TAN medial zone

e Flushed with
groundwater for ~ 6-8
months at 0.1 and 1
m/day

North Wind
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Lab Microcosm Studies
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Concentrate cells (1000 —
2000 x) used so that changes
can be observed in a
reasonable time (T,,, 10 years
under ambient conditions; 7-14
days in lab)

Determine Michaelis-Menton
parameters that describe the
effects of TCE, methane, and
dissolved oxygen on TCE
cometabolism

Parameterize a competitive
Inhibition kinetic model

INL — Corey Radtke
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Modeling Studies

« GW flow and transport
modeling used to predict
concentration at different
locations over time

« Defensible predictions
require having an
appropriate description of
kinetics (form and parameter
values)

e First-order kinetics are
typically used

 We will compare competitive
iInhibition model with first
order kinetics; does the more
complicated kinetic model
provide a more credible
prediction?

e North Wind — Bob Starr
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Mathematical Mod el for Competitive Inhibition
of Methane and TCEOxidation
with Inhibition at Low Dissolved Oxygen
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Modeling Approach

e GMS environment

 Use MODFLOW for groundwater flow
simulation, RT3D for transport of
kinetically-controlled, degrading solutes

 RT3D is being modified to simulate
competitive inhibition reaction kinetics

North Wind 20



Status

Lab techniques have been developed using lab cultures and
biomass from the field

Enzyme Probe studies have been successfully performed at TAN

Anticipate performing enzyme probe studies at other aerobic TCE
plumes in the near future

Flow Through In Situ Reactors have operated successfully for ~5
months and will be deployed within a few weeks

Mathematical model for TCE cometabolism has been developed
and is being incorporated into flow and transport software

Anticipate distributing biomass from the TAN Medial Zone for
extensive lab studies in Spring/Summer 2007

North Wind
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