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ISU0saoll

11 subjektu ze sedmi evropskych
zemi pod vedenim Stockholmske
univerzity (Svédsko)

vyzkum moznosti vyuziti
izotopove analyzy k hodnoceni
biodegradace a puvodu
znecisténi

vyvoj software k hodnoceni
izotopovych analyz

projekty financovany v 7.
ramcovém programu

ModclIPROBE

Model driven Soil Probing, Site Assessment and Evaluation

* 19 subjektl z deseti evropskych

statu pod vedenim Helmholtzova
centra pro environmentalni
vyzkum (Némecko)

VyVOj nastroje, ktery kombinuje
neinvazivni a malo invazivni
inovativni techniky pruzkumu
znecistenych lokalit tak, aby
pruzkumy byly pfesnéjsi, méné
zatezovaly zivotni prostredi a
byly tak v souladu s principy
trvale udrzitelného rozvoje
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Beneficiary name Beneficiary | Country Date enter | Date exit
short name project project

Stockholm University SU Sweden 1 36

ALS Laboratory Group AB | ALS Sweden 1 36

Hellenic Centre for Marine HCMR Greece 1 36

Research

Eidgendssische Technische ETH-Z Switzerland 1 36

Hochschule Zirich

Masaryk University MU Czech Republic |1 36

Earth Tech CZ s.r.0. ETCZ Czech Republic |1 36

Technical University of Lodz | TUL Poland 7 36

University of Bristol uB Great Britain 1 36

FQS Poland Sp. z.0.0. FQS Poland 7 36

Makolab SA MLAB Poland 7 36

IVL Swedish Environmental | IVL Sweden 1 36

Research Institute

Key limitations to current assessment of widespread organic

contamination of soils and site specific characterization

Conventional

concentration-based approaches are
important site-specific issues such as :

insufficient to

I. the extent of in situ degradation (“natural attenuation”)
II. accurate source apportionment (“environmental forensics”)

resolve

» Compound-specific isotope analysis (CSIA) for both degradation
monitoring and source apportionment based on the molecular-

ctober gf%:ﬂpic compositionpggegontaminants
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Call Topic: Improved technologies and tools for site characterization
and monitoring of contaminated soils including chemical

analysis

Expected Impact: A precise and reliable site characterisation and monitoring
design

isoSoil Objectives

» Development of compound-specific isotope analyses (CSIA) of
B¢/12C, H/'H, N/™N, and 'CI/*Cl as powerful novel tools for
improved site-specific characterization and monitoring of microbial
and abiotic degradation
Establishment of generally applicable isotope enrichment factors for
common soil contaminants and their microbial and abiotic degradation
reactions
Development of new analytical methods for higher throughput in CSIA
of ¥'Cl/Cl and *'8r/"*8r
Development of web-based commercial software for end-user
interpretation of CSIA results for “degradation monitoring”
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Stable Isotope

Fractionation
ﬂ Method for:
“natural conditions” qualitative and
substrate .

12C:13C = 99:1 > quantitative
characterization of
. | biodegradation

micfoorganisms _ _
v In the field

residual substrate + product
12C> 99%

Fischer et al. 2007 EST 41, 3689-3696

Fischer et al. 2008 EST 42, 4356-4363

Fischer et al. 2009 RCM 23, 2439-2447
Vogt et al. 2008 EST 42, 7793-7800
Rosell et al. 2007 EST 41, 2036-2043




14C Source Apportionment of PAHs in
Ambient Air

L

51%

tot. PAHs: 1.6 + 1.5 ng/m’

2 samples: 1995-1997 .

and 1998-2001 ,
&73)

9%
tot. PAHs: 4.8 + 2.6 ng/m’
May 2003

7%
tot. PAHs: 10.8 ng/m’
July 2003

% of tot. PAHS € ng
originating from Fifokalis

: : (Greece)
biomass combustion
Results from Hi-Vol samples

Mandalakis et al. Environ. Sci. Technol. 2005, 39, 2976-2982.



Spatial resolution: CCSRA-PAHSs in Balkan Air

52-59%
4 A 41-46%

Slovenia
Zagreb Sa
4 : Pancyvo
- ' Bosnia- 45'51 0/0

¢ . 3
.é\“; \\.‘} Herzegovina Tuzl{ Belgrade v,
Zadar N8 Sarajevo .\ngu' 2C
\ — 51-57%

B,
o o Serbia and Montenegro

Pass. samp. Summer 38-4 % - =y ) o}
Pass. samp. Winter 36-40% i Y ' Frstiba
High Vol May 2004 35-39 and 40-45%
, 35-65 % of PAHs
58-65% o .
_+| originating from biomass
35-40% combustion

Passive sampler campaign
July-December 2004

Zencak et al. (2007) Environ Sci. Technol., 41, 3850.



Isosoil 14C/13C-PAH soil sites

@ odbérova lokalita
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A'*C-PAHSs in the Czech Republic
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Location

& Phenanthrene + Anthracene

B Fluoranthene + Pyrene

A Benz[a]anthracene +
Chrysene

< Benzo[b]fluoranthene +
Benzo[k]fluoranthene

1 Benzo[e]pyrene +
Benzo[a]pyrene

® Indeno[1,2,3-cd]pyrene +
Benzo[ghi]perylene

—Fossil Fuels

—\Wood Combustion




Natural abundance 4C
of environmental PAHs

Winter Air; N. Swedish town # /
Sheesley et al. ACP, 2009
Air — 4 seasons (semi-rural # /
Sweden)
y / Balkan Air  Zencak etal. ES&T 2007, 41, 3850.
/ / Tokyo Air Kumata et al. ES&T 2006, 40, 3474
I~ Air (E. ~ Air (semi-rural Mandalakis et al. ES&T
. 2005, 39, 2976.
Mediterranean) Sweden)
# / Stockholm surf sed (Mandalakis et al. ES&T 2004, 38,
— NIST SRMs US urban dust + 2 urban sed (Reddy et al. ES&T 200236
s "
0 0.2 0.4 0.6 0.8 1.0 1.2 F,
combustion mixed source combustion

of fossil fuels of biomass
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Why Trees?

» a "standard plant” transpires
approx. 1 liter/day/m?

» wood adsorbs compounds
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using Direct Push equipment



Direct Push-Technologies

In situ measurements > EC-profiling
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MIP - Membrane Interface Probe

N

Connector Plug for Heater Power

Teflon Gas Tubing

N

\
Thermocouple —— , Removable Membrane

e Miembrane Heater
7 Block

www.geoprobe.com
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WP 2+3: Geophysical imaging and data fusion

Resistivity & Induced PUISh rod
Polarisation 0= |y
-5
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WP 6: Microbial in situ activity + environmental
forensics: compound specific stable isotope analysis

Isotope fractionation
by microbial activity

Determination of the Field analysis of
fractionation factor o C isotope signature

Quantification of the
In situ-biodegradation

i

Calculation of

5660750-——!
‘

5660700~

5660650

5660600+

5660550+
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5660450~

5660400

5660350

T T T T T T
4514450 4514500 4514550 4514600 4514650 4514700 4514750

100

80

60

40

degraded substrate [%]

20

biodegradation

fractionation
factors (aC)

LA —1.0010
S 1.0015
S —1.0020

E——
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D13C %o = RO'Rt

(Meckenstock et al. 1999, EM, 1; 409-414;
Richnow et al. 2003, JCH, 65; 101-120;
Meckenstock et al. 2004, JCH, 75; 215-255)



Microbial fuel cells (MFC)

Microbial activity

—300 mV NHE +805 mV NHE *
. : BOD/COD
Anaerobic Aerobic )
[ e | U
[ , '
© Current
(wastes) NS H*
Oxidation | I
products < i .
(CO,) Anode f Cathode Biosensor

/

Proton Exchange
membrane

Chang et al. 2005; Kumlanghan et al. 2007; Lorenzo et al. 2009



Handbook (A: Guideline)

ModelPROBE approach

- Pty % ::'3'75'0“33;::3;3 (1) Site history, planning phase L
analysis : (2) Non-invasive geophysics
P (3) Tree core sampling = 3
gf (4) Data evaluation
53 oret magng'(5) - Direct Push + geophysics

% et ) Data evaluation (field)

2 = (7) DP + bio-gec-chemical sampling
o%% (8) Data evaluation + modelling g
F (9) Feedback=> additional sampling R

[y

Results  Ovd % ‘:_';;:,__ (10) A_dapt|ve site description gé
8 Direct push sampling/ (11) Site assessment Y% P d

on sile analysis
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Handbook (A: Guideline)

ModelPROBE approach revised

Surface geophysics

and remote sensing
Project planning/
Task detalled scenario fe—>>—
analysis
&
5&'
o
g
2 Direct imaging/
o Direct Push and
E high-resolution
2 & geophysics
&
Q »
= o
)
%
(oY
e,
%
Improved
Results Site modet

ii % & Direct push sampling/
on sile analysis

(1) Site history, planning phase L
(2)  Non-invasive geophysics
(3) Tree core sampling =
(4) Data evaluation
(5) Direct Push + geophysics

(6) Data evaluation (field)
(7) DP + bio-geo-chemical sampling

8) Data evaluation + modelling g
(9) Feedback= additional sampling Rap
(10) Adaptive site description Eé
(11) Site assessment Y% P d
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ModcIPROBE Dissemination System
development status

ModelPROBE Dissemination System currently includes 2 types of artifacts:

v A Central Dissemination Platform, available online at
www.modelprobedisseminationsystem.com

v A number (currently 2) of distributable, lightweight e-learning packages,
developed ad-hoc for each ModelPROBE training course

Client logo A:COM




ModeIPROBE Dissemination System
Central Dissemination Platform

ModelPROBE

Dissemination System

ABOUT ModelPROBE CONTACT US

Home

Home

OVERVIEW

= Advanced List View

» Interactive Environment

The ModelPROBE Dissemination System is a cross-platform, web based system designed in order to distribute the results of the ModelPROBE project through the scientific community and
more in general to stakeholder invelved in the management of contaminated site.

You can enter the Dissemination System by a User-Friendly Interface which will guide you through the different tecl ies by a * ive Envil or by an “Advanced List Interface”
where you can directly access the different content.

TECHNOLOGIES

« BIOASSAYS FOR ECOTOX. ASSESS

BIOELECTROCHEMICAL SENSOR The ModelPROBE Di: ination System is dl ped by the Uni ity of Rome "La
deliverable 11.4).

and funded through the ModelPROBE Project (European Commission, FP7 Contract No. 213161,

CLASSICAL BACTRAPS

COMBINING CHEM & ECOTOX INFO

« CONTAMINANT TRAP

= CSIA

+ DATA ASSIMILATION ModelPROBE SAPIENZA
« DIRECT PUSH e e R S UNIVERSITA DI ROMA

DNAPLS DYNAMICS
EQUILIBRIUM SAMPLING

FISH & CARD-FISH

GEOPHYSICAL METHODS

MICROBIAL FUEL CELL SENSOR
TREE CORE MONITORING

LOGIN
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ModecIPROBE Dissremination System

E-Learning Packages

E-learning packages typically provide:

v' A tiny overview of the Central Dissemination Platform, typically limited to
technologies’ factsheets
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Vyzkum AECOM/CZU - zavislost koncentraci CE v
podzemni vodé a drevni hmote

» 1 rok sledovani koncentraci na Ctyfech dil€ich lokalitach na lokalité SAP
Mimon (mésicni interval)
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Hladina podzemni vody, koncentrace CE ve vzorcich podzemni vody a
drevni hmoty béhem jednotlivych odbért — lokalita B
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Hladina podzemni vody, koncentrace CE ve vzorcich podzemni vody a
drevni hmoty béhem jednotlivych odbért — lokalita D
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Lokalita

Druh stromu /

vek

OlSe lepkava/

15 let

Topol bily /20

- 25 let

Borovice
lesni / 74 let

Borovice
lesni / 26 let

Briza

bradavi¢cnata

[ 20 let

Kod dreviny

prumérna koncentrace

CE v drevni hmoté

(Hg/kg)
stupen degradace -

dfevo (% nizSich CE v

SUMeE)
C-04

3 387
8%
C-13
1741
29%
B-05
632
68%
A-02
28 925
5%
A-13
22 687
1%

Kéd vrtu
prameérna
koncentrace CE v
podzemni vodé

(Hg/l)
stupen degradace -

voda (% nizSich CE
V SUME)
C-004
8 000
30%
N-033
923
16%
AT-032
2 904
55%
AT-002
58 738
1%
AT-002
58 738
1%

koeficient

determinace

(%0)

koeficient
korelace

5%
0,22

25%
-0,5

13%
-0,36
6%
-0,25

15%
-0,38
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kontaminace vzorku dfevni hmoty, ziskanych ze dfevin rostoucich v oblastech
s kontaminaci podzemni vody CE korespondovaly s obsahy kontaminatu
Vv podzemni vode

pfi hodnoceni vysledku je vSak nutno zohlednit celou fadu faktoru, které
mohou ovlivnit koncentraci CE ve vzorcich dfevni hmoty.

v ramci experimentu pozorované hlavni vlivy byly uroven HPV, druh stromu a
intenzita transpirace

byla pozorovana velmi rychla odezva na zapojeni sanacni technologie, u
borovice a topolu byl pozorovan i mozny fytoremediacni vliv transpirace

pri vyuziti vzorkovani drevniho jadra pro hodnoceni podpovrchove
kontaminace je proto vhodné vyhodnotit i dendrologické charakteristiky
vzorkovanych stromu a transpiraéni aktivitu a pokud je to mozno, zopakovat
vzorkovani v riznych obdobich vegetaéni sezény
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