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Usefull tools are needed!
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Looking back from the plumes #
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Backtracking from plume to source

Environmental forensics
as a key tool i

Requires a holistic view
and conceptual model for
the total area under
consideration,
understanding the system
and related processes.
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Main method - fingerprinting @

contaminants leave typical fingerprints SRS
which help to identify contaminant sources J&
and degradation process: \2%

\/""a-\’_*

1. typical component distribution patterns -

2. typical distribution of isotopes = isotopic [\
signatures in the chemical compounds of \ FOKS i
the contaminant and its metabolites. (guu.fg,eg




Objectives

A Timing of polluting event (Definition of age) |
A Location of source of pollution E7 =
=>Application of polluter pays principle J&\

AN A
A Original chemical constitution of the P 0
pollutant at point in time of drag-in D °A
A Quantification of degradation and natural i
attenuation processes £y
=> facilitates effective and smart e
- . :-) EUROPE
remediation e




Most important application of

environmental forensic methods for key

pollutants
TPH/BTEX PAK CHC Heavy metals MTBE
Age + A 0 0
Lnn:atlinn of N A N N 0
drag-in
Chemical
constitution ' ' '
MNA + + + +
+ Application possible
Application not possible
0 single clases
A not relevant
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Combination strengthens evidence @

The consideration of a combination with " ‘,;:3
A further analytical methods J&\
A hydrogeological - hydraulic investigations \::_E\\Q%
A Assessment of source areas N gf's
A G 6 2 o
IS recommended and the application of g
multiple indications for evidence could also [\ 9
enlarge the field of applicability as shown ()22
In the overview. D



Petroleum derived contaminations

- methodology
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A-alkanes (mass 85),
Aalkylcyclohexanes (mass 83),
Asoprenoides (mass 113)
Aalkylbenzenes (mass 134),

Kteranes und terpanes (masses | "

191, 217 und 231)
Aoyrogenic PAH (mass 252)

ké. a series of
alkylated PAHs with 2-5rings and
heterocyclic aromatic
compounds

- C
furthel

-

Focus on Key Sources
of Environmental Risks

"

i OFOK‘SH.I:

(‘ » CENTRAL

< ) EUROPE

UROFEAN UNION
EURDFEAN RECIONAL
DEVELOMENT FUND




Degradation pattern of petroleum

abundant n-alkanes

light-end n-alkanes removed

middle range n-alkanes, olefines, benzene and toluene removed

more than 90% of n-alkanes removed

alkylcyclohexanes and alkylbenzenes removed,
isoprenoids and C0O-naphthalene reduced

isoprenoids, C1-naphthalenes, benzothiophene and alkylbenzothiophenes
removed; C2-naphthalenes selectively reduced

phenanthrenes, dibenzothiophenes and other polynuclear
aromatic hydrocarbons reduced

tricyclic terpanes enriched, regular steranes selectively removed
C31- to C35-homohopanes reduced

tricyclic terpanes, diasteranes and aromatic steranes abundant

*

«*
-5

* only present under special conditions - FADFEAK

aromatic steranes and demethylated hopanes* predominant




Star diagram of ratio of selected compounds for
diesel fuel and heavier products respective. ()

Comparison of soil samples (UW Umweltwirtschaft
2003).
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Sample ID
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Statistical evaluation methods, cluster
analysis
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3 different sources identified

Zeichenerklarung @

" C1-Fiache
A GWGleichen B8 und Fliefiichtung am 09.05.03

GW-Messstellen
©  GWM - Ausbau im Mittleren Gipshorizont
® GWM - Ausbau in Bleiglanzbankschichten
©  GWM - Ausbau in Dunkelroten Mergeln
©  GWM - Ausbau im Bochinger Horizont

Schadstofffahnen
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Landeshauptstadt Stuttgart
Amt fur Umweltschutz

S$21/ C1-Flache (Nordbahnhof)

Detail hung (At Phase 2)
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Degradation regimes for CHC @

0 Dechlorination
2 with O,
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CHC compound distribution pattern of a groundwater
sample given in molar as well as in mass
concentrations (taken from Spitzberg &
Schollenberger, 2010)
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CHC distribution within the Mittlerer
Gipshorizont in 1980
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CHC distribution within the Mittlerer
Gipshorizont in 1990




