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Compound Specific Isotope Analysis:

A New Technique to Validate Biodegradation and Natural Attenuation

Compound Specific Isotope Analysis
(CSIA) is capable of providing a
means for the evaluation of
biodegradation pathways and
chemical fate for contaminants such
as chlorinated solvents (PCE, TCE
and TCA), MTBE, BTEX and PAH.
This method measures carbon (*2C /
13C) and chlorine (3°Cl / 37Cl) isotope
ratios. Naturally *2C is 8.9% and 13C is
13% of each carbon atom in a
compound. 35Cl is 75.5% and 37Cl is
24.5% of each chlorine atom in a
compound.

Vinyl Chloride
)

cis-DCE

When microbial biodegradation
occurs, 12C and 35Cl containing
molecules are degraded preferentially
as a direct result of the breaking of the
their weaker C-C and C-CI bonds,
leading to 13C and 37Cl isotopic
enrichment in the remaining
molecules. Also, daughter compounds
will show 12C and 35CI enrichment.
These changes in isotopic
composition can be determined by
mass spectrometry analysis of
samples from the site.

The US EPA
provides guidance
documents for the
use of CSIA in
assessing
biodegradation
pathways and
source zone
delineation.

http://www.epa.gov/tio
Icharl_tech.htm

A Guide for Assessing
Biodegradation and Source
Identification of Organic Ground
Water Contaminants using
Compound Specific Isotope
Analysis (CSIA)
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Historically, it has been difficult to provide sufficient
evidence to prove that biodegradation is a viable
process for natural attenuation at a site. CSIA
isotopic enrichment data can be used to confirm that
degradation is occurring and can be used to
determine the rate of degradation.

“Although natural attenuation has been the focus of
many remediation investigations due to its expected
economic benefits, it is often difficult to unequivocally
prove that a contaminant is being transformed in
groundwater and that the extent of attenuation is
sufficient to protect receptors that are downgradient of
the source.”

-USEPA 600/R-08/148, December 2008

In addition, CSIA enrichment ratios can be used to
help show that a complete biodegradation pathway is
present and that the degradation does not stall at an
intermediate compound such as vinyl chloride.
Abiotic or chemical degradation does not lead to
isotopic enrichment therefore CSIA can also be used
to determine whether biotic or abiotic degradation is
occurring.

ITG is can provide assistance with the
implementation of these applications into remedial
approaches.

For more information regarding CSIA, please contact Leah Pabst
LPabst@craworld.com _or Alan Weston AWeston@craworld.com
Page 1
NEGIRTENER JHNFANT FER II,"-I,--I
o
1SO 9001 s
ISEINERAIAE DIEIEA E a

"t $%



CRA CASE STUDY: Chlorinated Solvent Plume Differentiation Using Stable
Carbon and Chlorine Isotopes Sylvie Eastman

At the subject site, four main areas of chlorinated solvent contamination are present within three main
hydrogeologic units. Contamination near MW-23 consists of primarily cis-1,2-DCE in the upper aquifer.
Contamination in the AOI 1 area is associated with a historical PCE spill which has degraded and
currently consists of primarily cis-1,2-DCE in the upper aquifer. Some TCE was also reported in the till-
rich zone in AOI 1. Contamination near Day-7 consists primarily of TCE in the till-rich zone. The
geothermal well is a lower aquifer pumping well, and contamination consists primarily of TCE.
Groundwater remediation in the upper aquifer has included ozone sparging in the AOI 1 area and
installation of a subsurface HRC barrier downgradient of the AOI 1 area to enhance reductive

\ J dechlorination.
i

Site Description

The upper aquifer is an unconfined unit, approximately 25 to 50 feet thick, consisting of laterally
continuous sand and gravel deposits, with hydraulic conductivity ranging from approximately 100 to
400 feet/day. The lower aquifer is a confined unit, approximately 110 feet thick, consisting of laterally
continuous sand and gravel deposits, with hydraulic conductivity ranging from approximately 170 to
430 feet/day. The till-rich zone contains significantly lower permeability strata separating the upper and
lower aquifers. Hydraulic conductivities in the till-rich zone vary widely, with lower permeability sand
and silt layers ranging from approximately 0.00017 to 0.0005 feet/day and higher permeability sandy
layers ranging from approximately 60 to 130 feet/day.

Methods

SUSTAABLE RENEDIATION FORUM

Groundwater samples were collected in November 2006 using low-flow sampling methods identified in
the work plan (CRA, 2002). Samples for volatile organic compound (VOC), dissolved gas, and stable
isotope analyses were collected in 40 mL glass vials filled without headspace, and sealed with Teflon
lined caps. Stable isotope analysis was performed using published procedures for carbon (Hunkeler
and Aravena, 2000) and chlorine (Shoakar-Stash et al, 2006).

Results and Discussion

The 13C and 37Cl values for TCE in the MW-23 area are distinct and therefore this area is not the
source of contamination to the west. The 13C and 37Cl values in the AOI 1, Day-7, and geothermal
well areas overlap. However, given that biodegradation would enrich the TCE in 13C and 37Cl along
the flowpath, the AOI 1 area could not be the source of TCE in the geothermal well or Day-7. Similarly,
Day-7 could not be the source of the TCE at the geothermal well unless there is a flowpath other than
that monitored by MW-19 and MW-20. The 13C and 37Cl values at MW-56 and the geothermal well
are very similar, the difference in the measurements being within the range of replicate measurements.
Further study is planned to determine whether the source of TCE at the geothermal well is located to
the west, or whether TCE is being drawn from MW-56 or Day-7 during pumping.

Upcoming Features: Next month’s Sustainability Issue of
INNOSYNC will feature a variety of sustainable products,
issues, and tools including a brief summary of The White
Paper, which is now available from Remediation Journal
http://www.interscience.wiley.com
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Sustainable
Remediation

The process of
incorporating
sustainable elements or Ready-Mixed Potassium Permanganate from Hepure
building a project
framework for remedial
action that maintains a

Potassium permanganate is used to target a variety of soil and groundwater
contaminants ranging from chlorinated solvents to polyaromatic

balance between local, hydrocarbons. The use of potassium permanganate has become increasingly
regional, ar.‘1d .global difficult due to the security issues associated with transporting and storing
ecosystem priorities and this oxidant. Hepure offers a mobile solution with the on-site delivery of
the protection of human ready-mixed potassium permanganate; this service includes COA and COC
health and the documentation and can be delivered in buckets, totes, or 5,000 gallon tankers R ———
environment. as a 1-7% concentration. transfer blending unit.
For more information regarding Hepure products and services please contact Leah Pabst
LPabst@craworld.com _ or Alan Weston AWeston@craworld.com Page 2
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CRA Presented Examples of Sustainable Remediation Projects at
the SURF - 10 June Meeting in Chicago, lllinois

Above: Photos taken from
CRA sites in Texas and
California that relied upon solar
and/or wind powered treatment
systems to remove
hydrocarbon contamination
from soil and groundwater.
Another site not shown is in
Alaska.

CRA teamed up with Haley &
Aldrich to present a collection of
case studies and topics that
circulated around the
implementation of EPA’s 6 core
elements of green remediation.
These elements include: Energy,
Air, Water, Land & Ecosystems,
Materials & Waste, and
Stewardship. A select group of
state and federal regulators,
PRPs, and industry
representatives were attending
SURF 10 to hear the presentation.

CRA'’s Ann Rosecrance compiled
a series of 10 project summaries
that incorporated sustainable
remediation principles into project
planning and on-site activities.
Examples included sites with
hydrocarbon contamination in
soils, chlorinated solvents in
groundwater, PCBs, habitat
restorations, and engineered
wetlands.

Top: CRA site utilizing methane
from a landfill in Ontario for
electric power generation

Middle: CRA clean-up site in
Nebraska that led to a grassland
restoration

Bottom: CRA project in
Oklahoma incorporating diesel
fuel conservation

Above: CRA soil-reuse site; removed
3,000 tons of hydrocarbon-impacted
soil from residential area and relocated
it to an under-utilized, regulator-
approved industrial property.

Above: CRA habitat restoration site;
10 acres of PCB-impacted sediments
were treated and reinserted into
wetland. On-site natural materials
were used to create habitat features;
one year later, increased flood
capacity and biodiversity.

Above: CRA landfarming site; 40,000

tons of hydrocarbon-impacted soil

treated via soil mixing on-site.

Prevented the emission of over 360

metric tons of CO, that would have

resulted from dig and haul. For more information regarding SURF, please contact
Leah Pabst LPabst@craworld.com
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