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Short bio

Senior managing scientist at Exponent International Ltd, Basel office
17 years at Battelle Memorial Institute
Ph.D. in Ecological Sciences (many years ago!)
Involved in the major environmental disasters:
e [LVA, Taranto*
e BP Mexico Gulf accident
e Arkema, France*
e (Caffaro, Brescia*
» Prestige disaster, Galician coastline, Spain
e Mozzarella cheese dioxin study, Campania, Italy*
e Lake Maggiore DDT disaster, North Italy
e River Mincio Hg and dioxin study, Mantova, Italy*
e Venice Lagoon POP studies, Venice, Italy*
e ... And many other
*indicates a PCDD/F fingerprint study
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Introduction

Scope of the presentation

e Give a short introduction to soil forensic methods and

phylosophy

e Give an example of their application to a real case
Contents

e General analytical methods

e Statistic

e A general though about soil science and health

 Presentation of a real case (Brescia, North Italy, dioxin
study)

Paris, July 21st, 2012 Summer school on contaminated soils



Methods

Forensic soil science is the science or study of soil that
involves the application of soil science. In particular,
studies or investigations that involve:

e soil morphology,

 soil mapping (assisted by existing soil maps and
spatially held soil data),

e Mineralogy

e Chemistry

e Geophysics

e biology and molecular biology

....to answer forensic legal questions, problems or
hypotheses
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Methods — general scheme

STAGE 1: Initial characterization of all samples for

- screening and sample selection - Soil momphology
Whole Soil [_. Soll Munsell colour, Structure, Texture, Conslstence ete.

#*.. Stereo Mnocular microscopy
i
STAGE 2 STAGE 2: Semi-detailed characterization of selected
Sieved smaller samples - Mineral and organic composition
sized fractions aal X-ray powder diffraction (R0
= Slpm sieves M IR spectroscopy {450 — 8000 cm-1)

Diffuse Reflectance nfAred Fowner Transism
Spectroscopy (DRIFT)
HJQFEUG E-I.E-EE.::II’.I:I||T!|I Iwolume and mass)

—
STAGE 3: Detailed characterization & quantification of minerals & organics
sample selection is contingent upon individual forensic circumstances
-

v

< Fpm Heavy mineral fractionation Magnetic fractionation

! ! ¥

.Detallediquantitative XRD [e.g. Micro-x-ray diffraction, Gandoif or Debye Schesmer XRD)
Detalled petrograghy, Thin Sections, micromorphoiogy, microfosslis (pollen, spores, diatoms)
Scanning electron microscopy (SEM), Transmisslon electron microscopy (TEM)

X-ray Muorescence (XRF), Inductively Coupled Plasma - mass speciroscopy (ICR-MS)

Lager Ablation ICP-MS, |sotopic composition (stableradicactive); Cathodoluminescancs (CL)
Raman speciroscopy, FTIR, Mass Spectrometry, Thermal analysis (DTA, TGA, DSC)

pH, electrical conductiity, exchangeabia cations, CEC, organic carbon, charcoal
Synchrotran analysis, Nuckear Magnetic Resonancs (NMR)

From: Fitzpatrick R.W., and Raven M.D. [2010). Guidelines for Conducting Criminal and Environmental Sodl Forensic Investigations:
Verzion 1.1. Cermtre for Australian Forensic Sail Sdence. Report Mo. CAFSS_076. 26th September 2010. 28pp.
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Methods - geological

Colour
Texture
Structure
Consistence

Cristallography

Paris, July 21st, 2012 Summer school on contaminated soils



Methods - chemical

X-ray diffraction
Spectroscopy
Gas Chromatography

Double HGMS
Many other methods

llExtremely important:
enforce a very strong QA/QC
procedure to be applied to all
the soil forensic soil steps!!

Paris, July 21st, 2012 Summer school on contaminated soils

—— A

0230

Qs

ey 025

L |
|

s

ekl ! -;.-,-" nsg
l.!ull L a.l'all_._._.\_:l-\.-llh-._r !J\.A.!.w.u-u\_r

poathite

[T} ﬂg.:gl-u Fsematiia

a8
“—-—__1|IK_J L..j a_Jll_J!Ln_lll'-il._._r-_.L._
T

02

o
oFle [ER ]~
]

o2l

Jo M

magnetite

LA L S P

147 maghemite



Methods - biological

Microbiology (for example bacteria DNA and RNA
studies)

Bacteria community typization
Fungi community study

Algae community study
Vegetation study

SEM
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Statistical approaches

Normal statistical approach

Non-parametric tests

Multivariate methods (PCA, Clusters etc.)

Peak resolution analysis and other similar approaches
Six sigma

Bayesan statistics

Krieging and other geostatistic

Data mining

..and other non conventional approaches like visual
confrontation!!!!
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Soil and health — the new frontier
of the forensic approach

Many of the western enforced soil laws are risk based

The concept of the risk type approach is a tool (very
conservative) to take decision about different levels of clean up

Behind the risk concept there is the acceptance that there is a bill
to pay to sustain our welfare

This concept is actually in discussion in many western country
due to the fact that, socially, health is considered more
important than welfare (we could discuss this point)

A new epidemiological approach is growing trying to link the
environmental quality to the health

Soils are considered one of the major responsible as they are the
reservoir of many contaminants

Epidemiology may become shortly the new key for defining
responsibilities in soil pollution (and in soil forensic)

Paris, July 21st, 2012 Summer school on contaminated soils 10



Soil and health — the conceptual |

model

Paris, July 21st, 2012
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Soil and health — which models?

The models included in an RBCA type approach are
not usefull in this new approach

The soil vs health approach needs more sophisticated
models and much more on-site data

New types of sampling strategies are required together
with a new type of risk approach; it has to include
many more variables than a RBCA approach.

[t will imply the definition of new targets to confront
the data with. They will be based on heath
epidemiological data
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Dioxin-Like Compounds

Cl

Cl

2,3,7,8-Tetrachlorodibenzo-p-dioxin

(o)

Cl Cl

Cl Cl

N

o

2,3,7,8-Tetrachlorodibenzofuran

Cl

Cl

/

Cl

Cl Cl
Cl
Cl Cl
3,3',4,4',5,5'-Hexachlorobiphenyl

Dioxins
75 congeners
7 toxic

2,3,7,8-TCDD
1,2,3,7,8-PeCDD
1,2,3,4,7,8-HxCDD
1,2,3,6,7,8-HxCDD
1,2,3,7,8,9-HxCDD
1,2,3,4,6,7,8-HpCDD
1,2,3,4,6,7,8,9-0CDD
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Furans
135 congeners
10 toxic

2,3,7,8-TCDF
1,2,3,7,8-PeCDF
2,3,4,7,8-PeCDF
1,2,3,4,7,8-HxCDF
1,2,3,6,7,8-HxCDF
1,2,3,7,8,9-HxCDF
2,3,4,6,7,8-HxCDF
1,2,3,4,6,7,8-HpCDF
1,2,3,4,7,8,9-HpCDF
1,2,3,4,6,7,8,9-OCDF
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PCBs
209 congeners
12 toxic

3,3,4,4'-TeCB
3,3',4,4',5-PeCB
3,3',4,4',5,5'-HxCB
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“

Dioxin-Like Compounds

e Semivolatile

e | ipophilic

¢ Hydrophobic

¢ Persistent

e Bioaccumulating
¢ [oxics
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Trace Levels --- Highly Toxic

 Soil, Food --- PPT
« Water --- PPQ

* Air --- fg/m3

* Human Serum ---PPT

- Intake --- 1pg/kg/d TEQ
 Upper Bound Cancer Risk 1x1073

 Non-Cancer MOE <10
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The Brescia dioxin case

X CAERARO,
BresciaiBS; Italia 1

Data'di acquisizione delle immagini:1/1/2000
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The Brescia dioxin

aidi acquisizione/delle immagin
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The Brescia dioxin case

The chemical plant begun its activity at the beginning of
the last century (1906)

The main productions have been different types of organic
chlorinated compounds included:

e Chlorobenzenes

e DDT

e PCB
Beside the production of PCB, the company has managed

for years an activity of recovering the PCB oil from
transformers.

The company has managed since the 30s a chloroalkaly
plant; the technology employed was the mercury cell. The
plant has been dismissed in the ‘gos.
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The Brescia
dioxin case

Paris, July 21st, 2012

Apportion of PCDD/F sources at Brescia

O Industria siderurgica

@ Industria metallurgica
secondaria

O Industria chimica

O Traffico veicolare

®@ Riscaldamento domestico

8 Inceneritore Municipale

B |nceneritore Ospedaliero

O Altro

Summer school on contaminated soils

21



The Brescia dioxin case

The scopes of our job were:
e Identify the resgonsibility of the company as related to the PCDD/F soil

pollution outsi

e the plant

e Identify other possible responsibilities

* Identify if the responsible of the PCDD/F found in the sediment of the
agricolture canals

e Perform a RBCA Level III risk assessment on the soils at the plant
The data
e The PCDD/F concentration data included:

Soils inside and outside the plant
Sediments of the canals

Air dust

Vegetables

Human blood and human breast milk
In 2005 about 500 samples analyzed

The statistical approach
e We used a multivariate statistical approach to analyze the data
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The Brescia dioxin case
The fingerprint

e The fingerprint is characteristic of each activity that
produce dioxins

e There are many typical fingerprints published by
different authorities

¢ In the normal world the actual fingerprint is determined
by the overlap of different sources

e The apportion is normally done by confrontation

e The fingerprint is defined without the tranformation of
the congeners in [I-TEQ
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The Brescia dioxin case - fingerprints

Ratio (congener group emission factor / total CDDCDF emission factor)y
0.1 0.2 03 0.4 0.5 0.6
T T T

IcopD
PeCDD
HxCDD
HpCDD
0CDD
TCDF
- Unleaded Gasoline Wahicles (wi eat. conv.)
PeC-DI o o.05 o.1 0.13 0.2 0.2 oz
T T T T T T
HxCDE 3,5,7,8Tc00 h
1.2,3, 7,8 FecDD
HptDI 1,2,5,4,F,5-HeC BB
WDF 1,2,5,8, F,6-HeC BB
4
1,5,3,7,8 d-HecBD

#,2,5,4,6,F, 8- HpC oD

i
Source: LS. EPA (1987a) -
1234arseocee [
|
I
'_

Iron and steel sintering plant unarssen

Diesel truck
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The Brescia
dioxin case

Paris, July 21st, 2012

2,3,7,8-TCDD

OCDD

1,2,3,7,8 -PeCDF

Congenere

1,2,3,4,6,7,8 -HpCDF

OCDF

Concentrazione (ug | TEQ/kQ)

PCB production fingerprint

Summer school on contaminated soils
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The Brescia
dioxin case

Paris, July 21st, 2012
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The Brescia
dioxin case

Paris, July 21st, 2012
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100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

mPCDF
@PCDD

Cluster Cluster Cluster Cluster Cluster Cluster Cluster

1

2

3

4
Cluster

5

6

7

Summer school on contaminated soils

Ratio PCDD /PCDF of the
seven clusters




The Brescia dioxin case

The responsibilities of the pollution have been
identified
e Qualitatively by using the fingerprint analysis
e Quantitatively by the estimation of the PCDD/F amount
released for each industrial and civil activity

The clean up of the site and of the sorrounding areas is
still pending
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Paris, July 21st, 2012

The end

Thank you for your patience!
Any question?
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