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Quantitative risk assessment model on Weight of

Evidence (WOE) approach
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Weighted criteria are included in the Italian legislation on
classification and management of dredged marine sediments

Manual ICRAM-APAT 2007

Art. 109, D.Igs. 152/2006 and ss.mm.ii.

Classificazione chimica

Classificazione eco tossicologica |

Colonna

CLASSE QUALITA'

Tossicita elu/elu
.C.

From «pass-fail» to

weighted criteria

A n
A n
B n.c
sLCB C assente
Cc 2 Colonna C
D assente
D = Colonna D
A n.c.
B assente
compresatraLCB e LCL 2 Geltane @
C n.c.
D ssente
D Colonna D
AoB n.c
[ assents
Bk C Colonna C
D n.c

CLASSIFY SEDIMENT QUALITY IN HARBOUR AREAS
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LOE 5: Benthic Communities
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Taxonomic diversity indices

Simple community descriptors

Numerical density (N)

N = number of macroinvertebrates per unit area (ind/m?2).
Taxonomic richness (S)

S = number of species or taxa per sample.

Ecological indicators

AMBI = [(0 x %GlI) + (1.5 x %GIl) + (3 x %Glll) + (4.5 x %GIV) + (6 x %GV)] /100

Gl = group of sensitive species; Gll = group of sensitive/tolerant species; Glll = tolerant
species; GIV = group of second-order opportunistic species; GV =group of first-order
opportunistic species or taxa. (Borja et al., 2000).

M-AMBI = Multivariate index: AMBI, Shannon diversity index and taxonomic richness.
(Muxika et al., 2007)

M-AMBI* = Multimetric index: AMBI, Shannon diversity index and taxonomic richness. (M-
AMBI revisited; Sigovini et al., 2013)

BENTIX =[6 x %Gl + 2 x (% GIl + %GlIl)}/100

Gl = group of sensitive species or taxa; Gll = group of tolerant/ second-order opportunistic
species or taxa; GlIl = group of first-order opportunistic species or taxa. (Simboura and
Zenetos, 2002).

BOPA (benthic opportunistic polychaetes amphipods) (ratio between the frequency of
opportunistic (tolerant) polychaetes and the frequency of amphipods to classify the state of
a community) (Gomez Gesteira and Dauvin, 2000).

BITS (Benthic Index based on Taxonomic Sufficiency) = log
[(6f1I+fI1)/(flII+1)+1] + log[nl/(nl1+1)+nl/(nll1+1)+0,5n1l/(nll1+1)+1]

fl, fll and flll is the frequency (ratio of the number of individuals belonging to those families
to the total number of individuals in the sample) of sensitive, tolerant and opportunistic
families; nl, nll and nlll is the number of sensitive, tolerant and opportunistic families in the
sample (Mistri and Muntari, 2008)

Shannon-Weaver index (H')

H'=-73 p, loge p, where piis the proportion of speciesiin a
community with S species or taxa: (Shannon & Weaver, 1863)
EcoQ, (H) Simboura and Zenetos (2001)

EcoQy (H') Vincent (2002)

Margalef index (D) (Margalef, 1969)
D= (S —1)In(N) where S is the number of species ortaxa in
the sample and N s the total number of macroinvertebrates.

Pielou index (J') (Pielou, 1969)
J'= Hllog(S) where H'is the Shannon-Weaver indexand S is
the number of species or taxain a sample.
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General structure of the model for freshwater quality
assessment
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— Modules developed in Sediqualsoft model
— Modules provided by D.M 260/10




Additional LOEs for freshwater ecosystems

according to requirements of D.M 260/10: Ecological status of surface water bodies

EQR: Ecological Quality Ratio

LOE6: Macroinvertebrates
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Validation of model in field studies

Case study: Development of a multidisciplinary, Weight of Evidence (WOE) model
for ecological risk assessment (ERA) in freshwater environments

Area: Cecina River
Site: Ponteginori
Period: 2007/08

Reference data: Guidi et al. 2010; ARPAT

PROCESSED DATA

« LOE1: Chemical characterization of sediments « LOEG6: Macroinvertebrates

+ LOEZ2: Chemical characterization of water column LOE7: Diatoms community
+ LOES: Bioavailability + LOES: Macrophytes
+ LOE4: Biomarkers « LOE9: Synthetic assessments on functionality fluvial

* LOES5: Ecotoxicological bioassays «  WOE: Weight of Evidence integration



Validation of Weight of Evidence (WOE) model for freshwater environments
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CONCLUSIONS AND PERSPECTIVES

« Importance of multidisciplinary WOE approach for characterizing
environmental quality and risk assessment

« WOE models represent a fundamental tool for summarizing and
Interpreting large datasets of heterogeneous data, singularly or in an
Integrative approach

* They do not use “pass-to-fail” approach, enhancing the capability
to discriminate different environmental conditions

 The developed model is versatile, easy to update or adapt to local
or national specificities

« Scientifically sound but user-friendly format, to support a more
comprehensive process of risk assessment and “site-oriented”
management decisions
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