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OBJECTIVES

CSIA

To develop a tool-box
CSIA
MBTs

Modeling

1999 13C-CSIA 2006 37Cl-CSIA 2013 2H-CSIA 2014
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APPROACH
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MCB and CSIA

37Cl/35Cl

2H/1H

13C/12C

AEROBIC    C6H5Cl (O2) → CO2 

no 13C enrichment

DEHALOGENATION C6H5Cl → C6H6 (benzene)
13C enrichment approx. -5 ‰

from Shouakar-Stash et al. 2003

SOURCE DIFFERENTIATION

Modified from EPA, 2008

NATURAL ATTENUATIONPROCESSES DISTINGUISHAL

Zwank et al, 2005
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RESULTS (1): Aerobic biodegradation

pure culture
Sphingomonas

groundwater
(A) O2 only / (B) O2 + nutrients

soil slurry
(A) O2 only / (B) O2 + nutrients (A) O2 only

(A) O2 only

MASSIMO MARCHESI
Massimo.marchesi@polimi.it



Massimo Marchesi

RESULTS (2): Anaerobic biodegradation

pure culture
Dehalococcoides

groundwater
(A) anoxic / (B) nutrients / (C) AF

soil slurry
(A) anoxic / (B) nutrients / (C) AF

nutrients nutrients

nutrients

nutrients
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AF AF
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ANALYTICAL ADVANCEMENTS

2) 37Cl\35Cl – CSIA for MCB 
at IT2 (CANADA)

3) A continuous-flow method was developed  for 
2H–CSIA; δ2H values were measured with an 
analytical error of ± 4 ‰ (similar method as for 
Shouakar-Stash and Drimmie, 2013).

AEROBIC    C6H5Cl (O2) → CO2  no 13C enrichment

ANAEROBIC no 13C enrichment

No infos about:
37Cl or 2H
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37 Cl CSIA method development (Waterloo, Canada)
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Ɛ in between 0.6 – 0.7 ‰

37 Cl results for aerobic
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37 Cl and 13 C (dual isotope approach) and BMTs
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LABORATORY RESULTS

Potential for aerobic biodegradation 

Potential for anaerobic biodegradation 
BUT No dehalogenation processes

Potential for using δ 37Cl to 
evaluate natural attenuation 

Potential for using δ37Cl/δ13C for 
processes distinguishal

MASSIMO MARCHESI
Massimo.marchesi@polimi.it



Massimo Marchesi

-40,4   δ 13C ‰

FIELD RESULTS

10 – 100 ug/L

100 – 1000 ug/L

> 1000 ug/L

MASSIMO MARCHESI

I---------------------I
500 m
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13C-CSIA results
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37Cl-CSIA results
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SOURCE 2

SOURCE 1

at
te

nu
at

io
n

MASSIMO MARCHESI

P-1

P-5
P-6

P-10

P-3
P-2

P-9

P-8
B-28

P-86 B-27

B-53

P-84

37Cl-CSIA results
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CSIA results
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MODELING

P9

P10
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MULTIDISCIPLINARY APPROACH

37Cl, 13C e 2H – CSIA for chlorinated solvents
DGGE, qPCE ecc. – MBTs in different conditions, aerobic, anaerobic…
Numerical modeling
Innovative sampling techniques
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CONCLUSIONS

1) 37Cl and 2H CSIA methodology 
was developed for MCB

2) measurable ε for 37Cl were estimated for 
aerobic biodegradation of MCB

3) 37Cl coupled with 13C and 2H was applied for sources 
apportionment and natural attenuation evaluation at a 
contaminated field site
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4) Additonal tools such BMTs, modeling, multilevel 
sampling were also developed
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