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Multi-Component &
Multi-Functional Amendments

WSP is one of the world’s leading
engineering professional services
consulting firms. We engineer
projects that will help societies
grow for lifetimes to come. Our
5,000 multidisciplinary
environmental experts are part
of our 36,000 talented people in
more than 500 offices across 40
countries. www.wsp.com

WSP is actively recruiting for
strategic positions across the U.S.

Matt Burns
• 978-844-3907 (mobile)
• matt.burns@wsp.com
• linkedin.com/in/mattburnswsp
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Complex Sites

Asked: What is the
percentage of
remediation projects that
are complex?

Response: More than half
of the respondents
thought less than 25% of all
sites are complex. (brown,
darker blue, and purple)

Complex Sites
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Complex Sites

Asked: Do you work on
complex sites?

Response: About half of
respondents have worked
on 6 or more complex sites
and half have been
working on complex sites
for 15+ years

Complex Sites
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Complex Sites
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Complex Sites

Back Diffusion

Remediate Transmissive Zones Remediation Strategy
• Each remedial

technology has unique
optimal conditions
where it preforms most
efficiently

• Combined remedies
allows for the most
efficient treatment
possible

Combined Remedy

Mass RemovalBioremediation

Chemical
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Dissolved Concentration
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Plan &
Design
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ControlExecute

Initiate

Close

Managing Complex Sites
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Managing Complex Sites

Actionable Data
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Actionable Data
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Actionable Data

Advanced Diagnostics

is it
degrading?

what is the
mechanism?

• CSIA
• SIP
• 14C assay
• analog

degradation
• proteomics

• DNA/RNA diagnostics
(e.g., qPCR)

• PLFA
• mineralogical (e.g.,

magnetic susceptibility)
• proteomics

Actionable Data
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Successful Advanced
ISCO Analytical Practices

Recorded Webinar:
On Microbial Insights Website
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At a glance
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Texas Case Study: Bio Contribution of a Chem/Bio Treatment Train of Benzene
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Texas Case Study: Bio Contribution of a Chem/Bio Treatment Train of Benzene

TEXAS
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Texas Case Study: Bio Contribution of a Chem/Bio Treatment Train of Benzene

TEXAS
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Texas Case Study: Bio Contribution of a Chem/Bio Treatment Train of Benzene

TEXAS
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Bench Testing
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Texas Case Study: Bio Contribution of a Chem/Bio Treatment Train of Benzene

TEXAS
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Texas Case Study: Bio Contribution of a Chem/Bio Treatment Train of Benzene

TEXAS
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HOW
Stable Isotope Probing
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HOW
Stable Isotope Probing
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Texas Case Study: Bio Contribution of a Chem/Bio Treatment Train of Benzene

TEXAS

22

Texas Case Study: Bio Contribution of a Chem/Bio Treatment Train of Benzene

TEXAS
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Ontario Case Study: Reductive Biotic & Abiotic
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Case Study: Reductive Biotic & Abiotic
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Case Study: Reductive Biotic & Abiotic
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Case Study: Reductive Biotic & Abiotic
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Case Study: Reductive Biotic & Abiotic

28

Degradation
Pathways

Complex Sites
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Ontario Case Study: Reductive Biotic & Abiotic
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Missouri Case Study: Bio + Biogeochemical Reduction
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Case Study:
Missouri
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Biogeochemical  Reduction

Biogeochemical  Reduction
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Case Study:
Missouri
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Synergies
Case Study:
Missouri

More details
including SEFA –
in article
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Missouri Case Study: Bio + Biogeochemical Reduction
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Missouri Case Study: Bio + Biogeochemical Reduction
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Missouri Case Study: Bio + Biogeochemical Reduction
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Missouri Case Study: Bio + Biogeochemical Reduction
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Arkansas Site – Fractured Bedrock
Plume Stop + Bio
Biogeochemical + Bio

Recorded Webinar:
On Regenesis Website
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Michigan Case Study: Abiotic Reduction + Aerobic Bio
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Michigan Case Study: Abiotic Reduction + Aerobic Bio
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Michigan Case Study: Abiotic Reduction + Aerobic Bio

Michigan Case Study: Abiotic Reduction + Aerobic Bio

42

DO = 0.0 mg/l

ORP: negative
TCB  4,000 µg/l

DCB  25µg/l
CB  10µg/l
B = 0.0 µg/l
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Michigan Case Study: Abiotic Reduction + Aerobic Bio
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DO = 0.0 mg/l

ORP: negative
TCB  4,000 µg/l

DCB  25µg/l
CB  10µg/l
B = 0.0 µg/l

Michigan Case Study: Abiotic Reduction + Aerobic Bio
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DO = 0.0 mg/l

ORP: negative
TCB  4,000 µg/l

DCB  25µg/l
CB  10µg/l
B = 0.0 µg/l
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Michigan Case Study: Abiotic Reduction + Aerobic Bio
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DO = 0.0 mg/l

ORP: negative
TCB  4,000 µg/l

DCB  25µg/l
CB  10µg/l
B = 0.0 µg/l
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DO = 0.0 mg/l

ORP: negative
TCB  4,000 µg/l

DCB  25µg/l
CB  10µg/l
B = 0.0 µg/l

Michigan Case Study: Abiotic Reduction + Aerobic Bio
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Questions?
Contact: Matt Burns
• 978-844-3907 (mobile)
• matt.burns@wsp.com
• linkedin.com/in/mattburnswsp

Multi-Component &
Multi-Functional Amendments

48

Bonus Material
Actionable Data

Advanced Diagnostics

is it
degrading?

what is the
mechanism?

• CSIA
• SIP
• 14C assay
• analog

degradation
• proteomics

• DNA/RNA diagnostics
(e.g., qPCR)

• PLFA
• mineralogical (e.g.,

magnetic susceptibility)
• proteomics

Actionable Data
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CSIA

49

CSIA

CS: Compound Specific (i.e., contaminant)

I: Isotope – a form of the same element
that contain an equal number of protons
but differ in number of neutrons (i.e, differ
in atomic mass)

A: Isotope Analysis (i.e., elements that
make up the contaminant)

Stable: Don’t deal with radioactive
isotopes

CSIA
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Figure to Right: shows isotopes of elements
that comprise most chemicals of interest to
remediation professionals (e.g., Carbon has 2
stable isotopes 12C and 13C).

Relevance: Chemical bonds of lighter
isotopes are slightly more reactive than bonds
involving heavier isotopes. So compounds
with heavier isotopes tend to accumulate in
residual contaminated matrix.

Definitive : Enrichment of heavier isotopes,
referred to as fractionation, is definitive
evidence of chemical degradation as non-
destructive processes like dilution and
dispersion generally do not have significant
disparate effects on isotopes.

ne
ut

ro
ns

atomic number

Carbon

Hydrogen

Chlorine

Brookhaven National Laboratory which has an interactive Table of Nuclides

CSIA
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Chocolate Fractionation used with permission from
Dr. Mike Hyman, Department of Microbiology
North Carolina State University

Increasing ratio of M : M

CSIA

CSIA
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Reporting: data are
expressed in relation
to an international
standard (i.e., ) and
multiplied by 1,000
(i.e., ‰).

CSIA

http://atoztheusa.blogspot.com/2013/03/delaware-state-fossil.html

International Standard
Pee Dee River Belemnite
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CSIA

Parent compound fractionation is
unequivocal proof of degradation

Isotopic Effects of Parent
Compound Degradation

CSIA
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CSIA

Isotopic Effects of Parent
Compound Degradation

for daughter products,
fractionation alone does not prove
daughter product degradation

The undegraded daughter
product can get no heavier than
the initial signature of the parent

CSIA
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CSIA

Isotopic Effects of Degrading
Daughter Product

Fractionation greater than the
initial isotopic signature of the
parent compound is definitive
evidence of degradation

The undegraded ultimate
daughter product can get
no heavier than the initial
signature of the parent

TCE

Cis-DCE

Vinyl Chloride
Ethene

CSIA
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CSIA

• large decrease in
TCE concentration

• corresponding large
isotopic
fractionation

• increase in TCE
concentration

• significant isotopic
fractionation with

• treatment effective

Sample
MW-1

Pre-ISCO Post-ISCO
MW-2

Pre-ISCO Post-ISCO
TCE Concentration (µg/l) 3,000 80 400 500
TCE CSIA, 13C (‰) -29.6 -3.7 -34.4 -25.7

Permanganate Treatment at MA Site

CSIA
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CSIA

• large decrease in
PCE concentration

• isotopic
fractionation

• Large
concentration
rebound

• isotopic rebound
too

• Consistent with
mixing of treated
and untreated
groundwater

MW-4
Pre-ISCO Post-ISCO 1  Post-ISCO 2

PCE Concentration (µg/l) 6,100 480 1,700
PCE CSIA, 13C (‰) -25.8 -23.7 -24.5

Activated Persulfate Treatment at Swiss Site

CSIA
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CSIA

• large decrease in
PCE concentration

• isotopic
fractionation

• concentration
rebound

• Isotopic signature
lighter than pre-
ISCO.

• Consistent with
non-treatment
(pushing water
around)

MW-1
Pre-ISCO Post-ISCO 1  Post-ISCO 2

PCE Concentration (µg/l) 6,000 80 600
PCE CSIA, 13C (‰) -27.3 -16.8 -33.1

Permanganate Treatment at Texas Site

CSIA
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At a glance

59

CSIA Rebound Summary

Questions?
Contact: Matt Burns
• 978-844-3907 (mobile)
• matt.burns@wsp.com
• linkedin.com/in/mattburnswsp

Multi-Component &
Multi-Functional Amendments


