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VALUTAZIONI INTEGRATE NELLA DEFINIZIONE DELLA QUALITA AMBIENTALE:
LINEE DI EVIDENZA, INDICI DI PERICOLO ED APPROCCIO
“WEIGHT OF EVIDENCE”
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CRITICAL ISSUES IN RISK ASSESSMENT

* Interpretation and significance of complex datasets of
heterogeneous results

* Qualitative and quantitative evaluations: indices and scales
development

* Integration of different typologies of data

* Synthetic risk characterization/communication
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Quantitative risk assessment model on Weight of Ev“i‘dence
(WOE) approach =

Bioassays Biomarkers

Integrated Risk
Index using WOE
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Validation of Weight of Evidence (WOE) model for freshwater environments

Weight of Evidence integration
Class of Class of Class of Class of Class of Class of Class of Class of Class of
HQ. HQ HQga HQgw HQgarrerY HQu HQp, HQue HQer ) Area Cecina
Model Ereshwater Qualify. Assessment
Site River Cecina
Chemical characterization of sediments MAJOR
normalization normalization normalization normalization normalization normalization normalization normalization normalization B ) )
Chemical characterization of soil
Chemical characterization of water column MODERATE
’ x1 ‘ ’ x 0.9 ‘ ’ x1.2 ‘ ’ x1 ‘ ’ x1.2 ‘ ’ x1.3 ‘ ’ x1.1 ‘ ’ x1.1 ‘ ’ x 0.9 ‘ Bioavailability of chemicals SLIGHT
Sublethal effects Biomarkers MODERATE
MANUALE D'USO - . - -
FreshQualSoft® versione 2.0 TC':’\?CC”G%“:‘-:’? Bioassays ABSENT
Macroinvertebrates MODERATE
" Diatoms community
Model for Freshwater Quality Assessment SRS oMLY ABSENT
k/ FreshQualSoft Ver 2.0 Macroph ytes ABSENT
LOE1.1: Chemical characterization of sediments = i?"tdE‘X Of river f\_i-"v(fil]."\a'ﬁ:f',’ MODERATE
LOE1.2: Chemical characterization of soil =
NORMAL|ZAT|ON TO 100% LOE2: Chemical characterization of water column =
LOE3: Bioavailability of chemicals Weight of Evidence integr SLIGHT
LOE 4: Sublethal effects Biomarkers
LOE 5: Toxicological Bioassays
WOE LOE 6: Macroinvertebrates
LOE 7: Diatoms community
LOE 8: Macrophytes
ABSENT SLIGHT MODERATE SEVERE L0t 5 Funetiomatits Fluvial indox
0 20 40 60 80 100 Weight of Evidence integration =
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,? frontiers

in Marine Science

Mussel Caging and the Weight of e
- - P =
Evidence Approach in the
- ,"
Assessment of Chemical 2
Contamination in Coastal Waters of
- - PORY
Finland (Baltic Sea) .
Kari K. Lehtonen ™, Giuseppe d'Errico’, Samuli Korpinen', Francesco Regoli®,
Heidi Ahkola®, Tanja Kinnunen' and Anu Lastumaki’
Lenbonan et al.
> RAUMA
TABLE 3 | Eaborations with lawals of hazand essigned to the differant LOEE end the fingl WOE. 2
Site Chemical Bioavalablity Blomarkers Benthic MNear-bottom ‘Weight of q —
characterization communities oxygen
Kotka HO: 0284 HO:-4.229 HQ: 67.174 Apsent Mejor MODERATE .
Arsant Modarste Major
- CAT-GST n
Ponoo HO: 0311 HO: 4,842 H: 46,078 Sight Melor MODERATE ] =
Absant Modersie Moderata LUSIALPUNK)
- ANT-FLU;FER  GSTLPO-
CAl 4 .
Hessinki HQ: 2271 HG: 14.842 HG-2.517 HQ: 31.326 Absent Major SUGHT L
sagnt Modarste signt g
100% 2n @t
Hankio HO: 028 HQ:-2.714 HQ: 46377 Absert Moderste SUGHT e ——
Absant Mocerate -
Parainen Hx: 1.7 HQ: 48281 Absert Mejor MODERATE ¥
Signt Moderata B
100% Zn NG
Naartsl Ha: 2829 Ha: 42.020 Apsent Mefor MODERATE BN e
Moderate Moderata 3
100% Zn N
N,
N,
N,
Uushaupurid  HG: 1558 Ho:2.42 Ha: 9.520 Sight Moderste  SLIGHT AN
Signt Mooeraie Absernt >
100% 2N CAT-GST, -
Rauma HO:6.18 HO=2.125 HQ: 33676 Absert Mooerste MODEAATE \! KOTKA
Moderate = Siight ‘ 5 :
B1.5% Zn k- == (/' Ww 0 I - -
Pon Ha: 0233 HE=0 H@: 50.886 Apsent sagnt SLIGHT o =
Absant ADsent Mooerata =
Waass HO: 2.190 HC:1.0 Absert Sight SUGHT ) =) = ~
sight sight o =
100% 2N - -
iraices of seawater (showing the p = of the ingg st b e M), bioevalablity fparemeiers showing
b it o rramiri imte) et st e y FIGURE 1 ] Study sites aiong tne coest of FAniend. The black dot In each sife map rapeesent the exact siie of the mussal caga.
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Sediqualsoft:
Geremia LOE1 LOE2

Sediqualsoft® V.3.0

A Home
Results Results
E Elaboration LOEs
Chemical
. [shl Results LOEs LO E4 LO E 5
analyses Sediments
2 woe
Results Results
B8 Tables
e Gauge WOE
TUTORIAL Results

. .
- Tutorial

Bioaccumulation
of chemicals

Biomarkers
analyses

LOE 4
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LOE3

Results

LOEG6

Results

LINES OF EVIDENCE

LOE 1: Sediments chemistry

LOE 2: Column Water chemistry

LOE 3: Bioavailability on sentinel organisms
LOE 4: Biomarkers on sentinel organisms
LOE 5: Bioassays

LOE 6: Analyses of benthic communities

. Operazione al cuore del Mediterraneo
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/{11 : \ Flow Chart and calculation of chemical HQ

ata accuracy
Qe he * Calculation for each parameter concentration of the Ratio To
Reference, RTR

(2) if reference value(i) exists
l * Correction for typology of pollutants (i.e. hazardous or priority),
3) RTR() - measured value(i) o - .
reference value(i) RT Rp

QJ RTRy»(i) = RTR(i) - weight(i)
|

* Cumulative HQ differently weights for parameters with RTR<1 and
/ those with RTR>1

} - to discriminate even moderately polluted sites (close to
- S RTRy e reference values)
HQe = =— * 2 RTRy ()7 - increase according to number and magnitude of exceeding
l parameters
- not lowered by “not exceeding” parameters
HQ, value Class of chemical hazard
Oto<0.7 = Absent
/10 . 9 egligible " . . - -
© Ta02s > S » Classification of HQ in 1 of 5 classes of hazard (absent-negligible,
6t0<65 =2 oderate . .
" chtocs > myor slight, moderate, major, severe)
[logyo(Cha X |[DO%]|X N X P) — (—=1.5)] + 1.2 >13 > severe
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Chemical analyses

CHEMICALS (ugL™") SQA  Weighiting

1As 10 1 57 Diclorvos 001 1

2cdl 0,08 1.3 58 Dimetoato 0.5 1

3caz 0,08 1.3 59 Diaron .2 1.1

4€d3 0,09 1.3 60 Endosulfan 0,005 13

4 8 c D ] 3 L F G | H 1 w | X | Y | z AR AB AC | AD | AE | AF | AG | AH Al A Ja] sca4 015 13 61 Eptacior 0.005 1
1 |Longitude  Area Site Date Sampling code  Core code Level code Sample code  |As 8a Be cd o Crtot GVl Cu Fe He MeHg  Mn N Pb sb sCds 025 13 62 Esscbrobenzens (HCB) 0.005 13
2| 8920483 Genova  Diga foranea imboccatura levante | 13/12/2018 GR-GE-+SE-01 GR-GE: 8,78078 0,74035 64,5955 329257 215239 018 43,9031 52,9487 S ca 3 63 Feschrobutadions 003 13
3 8,919 Genova  Porto antico 13/12/2018 GR-GE-1-SE-02 5,6098 0,34246 80,1061 51585 184795 0,46 46,3194 63,2455 - = -
a 8875117 Genova  Foce Polcevera 13/12/2018 GR-GE-1-SE-03 10,4238 0,46893 149,192 84,5771 415568 0,23 127,04 63,0451 & Crtotale 1 64 Esaclborocicloesano 0.02 13
5| 8933853 Genova  Diga foranea imboccatura levante  16/05/2019 GR-GE-Il-SE-01 8,03118 043679 59,1385 46,1169 215565 017 44,8172 74,3146 9Hg 0,03 1.3 65 Fenitroton 001 1
6| 8921642 Genova  Porto antico 16/05/2019 GR-GE-II-SE-02 13,9585 0,40952 77,7851 782099 188546 1,36 46,0034 92,1128 10 Ni 2 1.1 66 Fention 0.01 1
; :.:;z: rns::m ::;I:Z:j:n ;g;?:"ig:‘; 3::;5-1\-5503 5,45135 037115 133,241 885697 403309 023 131,111 59,6732 11Pb 72 11 67 Fluorastens 0t 11
9 B:HQS'IS La Spezia  Molo Fornelli 20/11/2017 MF2 12 1,11 Tricloroetano 10 L o8 Iwmmm" 03 1.1
10 9,849583 La Spezia Molo Fornelli 20/11/2017 MF3 13 12 dicliloroethane 10 L1 69 Linuron 1
1 9,849546 La Spezia  Molo Fornelli 20/11/2017 MF4 14 12 dichoromethane 20 11 70 Malation 001 1
12 9,84578 La Spezia  Tra Molo garibaldi e Molo Fomelli | 14/05/2019 GR-5P-II-SE-01 GR-SPIISE-01 | 23,7409 0,084 92,3921 62,7097 0.27349 59,1383 41,5757 15 12 Diclorobenzene 2 1 71 MCPA 0.5 1
16 13 Diclorobenzene 2 72 Mecoprop 0.5 1

17 1.4 Diclorobenzene 2 1 73 Metamidofos 0.5 1

18 1-Cloro-2-ritrobenzene 1 1 74 Mevinfos 001 1

REFERENCE VALUES (Marine sediments) 19 1-Cloro-3-itzabenzene 1 1 75 N aftilens 24 11

20 1-Cloro-4-ritrobenzene 1 1 76 O cti®nolo 0.1 1.1

21 2 Cloroanitina 1 1 77 Omstoato 0.5 1

2224D 05 1 78 O ssidemeton-metike 0.5 1

23245T 05 1 79 Paration efile 001 1

24 2.4.5-Tricloro fenolo 1 1 80 Paraton metle 001 1

25 2.4,6-Tricloro fenolo 1 1 81 PCB-101 0.1 1

26 2 4-Didorofnolo 1 1 82 PCB-118 0.1 1

27 2-Corofenob 4 1 83 PCB-126 0.1 1

28 2-Clorotoluene 1 1 84 PCB-128 0.1 1

29 3 Cloroanilina 2 1 85 PCB-138 0.1 1

30 3 4-Didoroanilna 05 1 86 PCB-153 0.1 1

31 3-Clorofenob 2 1 87 PCB-136 0.1 1

32 3-Clorotoluene 1 1 88 PCB-169 0.1 1

LOE 2 33 4 Cloroanitina 1 1 89 PCB-180 0.1 1

34 4-Corofemob 2 1 90 PCB-28 0.1 1

EASY To U PDATE W|TH h - I 35 4-Clorotoluene 1 1 91 PCB-32 0.1 1

em I Ca 36 4-Nonifenob (N onilfenolo) 03 13 92 PCB-77 0.1 1

OTHER REFERENCES 37 Alachlor 03 11 93 PCB-81 0.1 1
An al yS eS 38 Alcani, C10-C 13, cloro 04 13 94 Pentaclorobenzene 0,007 13
39 Aldrin 1 95 Pentaclorofenolo 0.4 1.1
40 Antracene 0.1 1.3 96 pp DDT 001 1.1
(Water COI u m n) 41 Atrazna 06 1.1 97 § DDT 0,025 1.1

42 Azinbs etle 0,01 1 98 S PCB 1 1

43 Azinbs metie 0,01 1 99 § PCDD.PCDF.PCE diossina simili (TE-) 0,1 1
44 Bentazone 05 1 100 Simazina 1 1.1
45 Benzens 10 1,1 101 TBT (Sn) 0,0002 13

46 Benzo(a)pirens 0,05 1.3 102 Terbutilazina 0.5 1
47 Benzo(b)fuorantens + Benzo(k)fuorantens 0,03 1.3 103 Tetracloroetikne 10 1.1
48 Benzo(ghi)perlene + Indeno(1.2 3.c.d)pkene 0,002 1.3 104 Tetracloruro diC 12 1.1

49 Brominated diphenyl ether 0.0005 1.1 105 Toluene 5 1
50 CHorfenvinphos 0.1 1.1 106 Triclorobenzen 0.4 1.1
51 CHorpyriphos 0,03 11 107 Tricloroetlens 10 1.1
52 ciclodiene + Aldrin + Diledrin + Endrin + Isodrin 0,01 11 108 Triclorometano 25 1.1

53 Clorobenzzne 3 1 109 Trifsnilstagno 0,0002 1
54 Cloronirotoleri 1 1 110 Trifiddasin 003 1.1

55 Demeton 0.1 1 111 Xiens 5 1

56 Di(2-ethyhexylphthalat 13 1.1
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pate Note
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Date Note - HQ Value

L1 (D.Lgs. 173/16) L2 (D.Lgs. 173/16)

I - Maximum % contribution given
N to HQ by a single analyte
- N_excending param ,” : N. exceeding param o | .
S e d l m e n t S S g S L g - n. parameters exceeding the
reference

Sample code Sampling code © m— Area ™ Site
Point 1 Q/l La Spezia © m— A La Spezia @

© mumm

NORMATIVES AND SEDIMENT QUALITY GUIDELINES -n. parameters with a reference e — S B

9.888055 44.067735 0.46

EASY TO UPDATE WITH OTHER REFERENCES

Date Note

09/04/2019

- n. analyzed parameters

Trophic index Trix SQA CMA (D.Lgs. 172/2015)

- class of chemical hazard

Trophic state: SRS TRIX units: 2.96 Level of chemical hazard NEGLIGIBLE
- Conditions: Oligotrophic Chla: 0.69 ug/L XL
4 water quality conditions DO: 97.9%
Chemical HQ m
UPDATE OTHER INDICES —
(i.e. Trophic Index) ~ Good water tr ney P 2.47 gl Max % contr. to HQ Crtot
- Absence of ai s water colors N exceeding param 1
~ absence of oxygen undersaturation in the bottom waters N. param with refer 1
N. analysed param 18
2 SQA (frewshwater; D.Lgs. 172/2015) SQA (marine; D.Lgs. 172/2015)
Level of chemical hazard ABSENT Level of chemical hazard ABSENT

Chemical

Wa i e‘ ‘ olumn Chemical HQ 034 Chemical HQ 0.44
0% - Max % contr. to HQ 0% -

Max % contr. to HQ

N. exceeding param 0 k N. exceeding param 0 -
(W ater colum n) N param with et 2 & N, param with et s -
N_ analysed param 18 ﬁ» N. analysed param 18 «"

NORMATIVES AND SEDIMENT QUALITY GUIDELINES

EASY TO UPDATE WITH OTHER REFERENCES

UNIVERSITE IAS
DE TOULON

La cooperazione al cuore del Mediterraneo
La coopération au cceur de la Méditerranée
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Flow chart and calculation

of bioavailability HQ

START
For each submitted value

!
L O E 3 (1) | Average, std dev, replicates |
Bioavailability

2)

control
n

yes
) g - 22l

Statistical comparison between sample and control groups

sample replicates = 3 and sample replicates < 3
control replicates 2 3 or control replicates < 3

control _mean

|

(4) |05
0.2 Z=0.20r0.50r1
’ settable by user
0.05 0.06 1P
(5) RIRy (i) = S20Ie 1D 7y ovons(s)

(&)

Class of hazard
RTRy(i) <1.3 = A Absent

(6) 1.3<RTRy(i) <2.6 > B Slight
2.6 <RTRyli) <6.5 = C Moderate
6.5 <RTRy(i) < 13 > D Major
13 < RTRyi) - E Severe

|

@)

HQgy ==

J

J
ZRTRW(”)IJSRTR“-Q,Q i

+ Z RTRy (Mirrz, 26
=

|

Level of hezard bioavailability =

(8

(Yoparamgra 3) +(%oparan 3z ¢ - 3) +(%opaam gamass

-9) +(Yoparcans sy a3 - 27)+(Yoparamz .5 -81)

Class of hazard for bioavailability

100 >
100to 240 =
240to 720 >
720t0 2160 >

2160t0 8100 =

Absent
Slight
Moderate
Major
Severe

—* N
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MARITTIMO-IT FR—MARITIME

Fonds européen de développement régional

Fondo Europeo di Sviluppo Regionale

Mytilus galloprovincialis
Tapss philippinarum  Hediste diversicolor

e
GEREMIA

/an
~
- k X

Anguilla anguilla

* Calculation for each parameter of increased concentration, corrected
for typology of pollutants (i.e. hazardous or priority) and statistical

significance (RTRw)

* Assignment of each parameter to 1 of 5 classes of effect (absent,

slight, moderate, major, severe)

* The cumulative HQ differently weights these parameters according to
the entity of variation (is not an average)
* Level of cumulative HQ is summarized by the % distribution of

parameters in the classes of effect

GR-OL-1-MT-01 I campagna GR-OL-1-MT-01

Latitude Longitude

40.925851 9.531496

Date

26/07/2018

Bioavailability

Reference area Olbia
Reference site
Experimental condiction Transplanted

Exposure time

Tissue Whole tissues

Banchina Isola Bianca

Specie Mytilus_galloprovincialis

Olbia Banchina Isola Bianca
Core code Level code
Note

Banchina Isola Bianca
Level of hazard for bioavailability

SLIGHT

[«

Bioavailability HQ 6.12
N. param in class ABSENT 36
N. param in class SLIGHT

N. param in class MODERATE

N. param in class MAJOR

o o = o

L T

N. param in class SEVERE
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Flow chart and calculation
of biomarkers HQ

For each submitted sample
v
(1) | Average, std dev, replicates |
Data accurac
control
n

yes

\

LOE 4

Biomarkers @

* For each biomarker, the variation is compared to Threshold,
corrected for statistical significance and importance of
@ ! biomarker (weight)

Significance calculation and adjustment = Z(i)

3) VAR% (;j:[kwj_

control mean(i)

inhibition induction
VAR% |(i)=0 — . .
o)=L meo- 0z | e Assignment of each biomarker response to 1 of 5 classes of
K ~_ . / effect
6) Effect, (i) = Effect(i) * Weight(i)
T i L i i
) Validation of minimum requirements  Calculation and classification of cumulative HQ in a level of

Class of hazard
Effect(i) <1 = A Absent
(8) 1 <Effect(i) <1.5 = B Slight
1.5 < Effect(i) <2.5 = C Moderate

hazard according to % distribution of biomarkers in the 5
classes

25 s<Effect(i) <4 = D Major GR-SP-11I-MT-03 Terza campagna GR-SP-11l-MI-08 La Spezia Cadimare molo aeronautica millitéire
4 < Effect(i) - E Severe
titude ongitude e
44.08315167 9.824972222
ZEffECEwU)1‘5<Effsc‘t(j)52‘5 M
® Qs _E;’l” biomarker, scgrrect(jy=25 * kZ; Erfectu@srrectr2s DE.It.E“ . NOte

'

Biomarkers

Level of hazard for biomarker

Class of hazard for biomarkers =
(%biomarkefece<t * 1) + (Yobiomarkyzgsrect<rs - 1.5) + (%bbiomarky s=g frect<as * 2.5) heforence wemple CTRLI4 MTO4 e
(10) +(%biomark, s=grrect<a + 4)H(%biomarkg freces - 6) Experimental condiction Transplanted L
¢ Exposure time Biomarker HQ
Specie Mytilus_galloprovincial N. param in class ABSENT

Class of hazard bioamarker

Tissue

haemolymph

N. param in

< 100 =  Absent
(11) > 100t0<150 >  slight N param in cl
> 150t0<250 > Moderate N. param in class MAJOR 0 '.h&
2250t0< 400 > Major M. param in class SEVERE N
>400to< 600 >  Severe
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Flow chart and calculation MARITTIMO-IT FR-MARITIME e
of bioassays HQ

Fondo Europeo di Sviluppo Regionale
START
For each submitted sample

Data accuracy
control
yes

sample mean(i)

LOE 5 "

Bioassays

- 100

(2) Effect(i) = |1

control mean (i)

_ _ _ . « Each bioassay has a Weight depending on the
(3) |S|gn|f|cancecalculatloniandadjustmentéZ(L)| biOlogicaI endeint, and a ThreShOId based on
tested matrix, time of exposure, hormesis

z(i) _ | sample mean(i) | z(i)

4) Effect,(i) = Effect(i) -

. S peC I eS threshold(i) | _ control mean (l)l ’ threshold (i)
* Matrix K / « Variation of each bioassay is compared to its
- Endpoint | Forthe N boassays haing Threshold, corrected for the  statistical

significance and the weight of the assay

« Experimental

/

hreshold effect in the battery

conditions | HOnurreny = Y Effect, (i) -w, « A cumulative HQ for the battery is calculated by
= the summation of each effect vs the threshold of
(6) . g . .
A e Class of hazard bioassay the battery; classification of thg HO in 1 of 5
10 <10 5 Absent classes of hazard, absent, slight, moderate,
>1.0to<15 > slight major, severe (from less of the battery threshold
1 215to<3.0 -2  Moderat p
j  soteeen 3 Majoer ¢ to 100% of effects).
> Severee/

\Sﬁery Maximum (100% QG.O to <£10.0




Output Module |

Latitude Longitude Core code Level code
bioassays
y Date Note
17/10/2019 Il campagna

Single Bioassay Results: Vibrio_fischeri

Endpoint Bioluminescence Effect 337.36
Exposure time Acute Effect Z 337.36 VA
L O E 5 Matrix Centrifuged sediment Weighed Effect 0 P il
. Control mean 12386 Specific HQ 0 e
Bioassays spesiioHanom (110 0
Control Rep 3 Specific HQ threshold (10%) 1.44
Exposed mean 28.32 Specific HQ max (100%) 576
Exposed Std Dev 1.74
Exposed Rep 2

Single Bioassay Results: Phaeodactylum_tricornutum

Single Bioassay Results

Endpoint Algal Growth Effect 151.65
Exposure time Chronic Effect Z 151.65
Matrix Elutriate Weighed Effect 1.25
Control mean 420000 Specific HQ 129
Control Std Dev 13229 specific HQ norm (1:10) 125
Control Rep 3 Specific HQ threshold (10%) 103
Exposed mean 677500 Specific HQ max (100%) 10.29
Exposed Std Dev 58790

Exposed Rep 3

Single Bioassay Results: Paracentrotus_lividus

Endpoint development Effect 14.01
Exposure time Chronic Effect Z 14.01
Matrix Elutriate Weighed Effect 093

Control mean B85.67 Specific HQ 087

Control Std Dev 058 Specific HQ norm (1:10) 093

Control Rep 3 Specific HQ threshold (10%) 093

Exposed mean 7367 Specific HQ max (100%) 6.21

Exposed Std Dev 0.58

Exposed Rep 3

Level of hazard for bioassays

ABSENT

[«

Level of hazard for bioassays .

N. Bioassays 3
HQ Battery 216
Battery HQ threshold 34

Battery HQ max 22.26 «"
% elutriate 100
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Simple communit; Taxonom ity indices
A B c D E F G H 1 J K L M N o P Q
1 ID_|Latitude |Longitude | Area_code Site_code sampling date |Sampling_code |Care_code |Core_level |sample_code |Note Immagine |Phylum Class Genus Species Family abb
21 Adriatic BARBARAC-BONACCIA |  05/08/2010|piatc-eni-08 1 1[Ams37_01 [Ancllidz Polichaeta Ampharete scutifrons 17.2 Margalef index (D) 54+
32 | Adriatic BARBARAC-BONACCIA |  05/08/2010| pistt-eni-08 1 1]AMS37_01 Anellids Polichzeta Aricides albatrossae Paraonidae 17,2 Numerical density (N)
4 3 | Adriatic BARBARAC-BONACCIA | 05/08/2010|piatt-eni-08 1 1|AMS37_01 [Anellids Folichzeta Cirratulus sp. Cirratulidae 17,2 Shannor ver index (H') 3410
5 [ 4 adriatic BARBARA C- BONACCIA 05/08/2010 | pistt-eni08 1 1[amMs37 01 [anellids Polichasta Glycers sp. Glyceridae 17,2 34 sl .
3 5 | Adriatic BARBARA C - BONACCIA 05/08/2010 | piatt-eni-08 1 1|AMS37 01 | Anellida Falichzeta i i 17,2 Piefou index { h
7 [ ¢ Adriatic BARBARA C-BON i08 1 1[AmS37_01 [Anctlidz Polichaeta Levinsenia p. Paraonidae 120,7
8 [ 7 adriatic BARBARAC-BONACCIA | 05/08/2010 | pistt-eni-08 1 1[amMs37 01 [anellids Polichasta | Marphysa bellii Eunicidse 17,2
L O E 6 9 8 | Adriatic BARBARA C - BONACCIA 05/08/2010 | piatt-eni-08 1 1|AMS37 01 | Anellida Falichzeta I Capitellidae 17.2
0= Adriatic BARBARAC-BONACCIA | _05/08/2010|piatc-eni-08 1 1[AmS37_01 [Ancllidz Polichaeta rbinia sp. orbiniigae 51,7
. 11| 10| | Adriatic BARBARA C - BONACCIA 05/08/2010 | pistt-eni-08 1 1|AMS37 01 | Anellida Palichzeta paradaxa 17,2
1211 Adriatic BARBARAC-BONACCIA | 05/08/2010|piatt-eni-08 1 1]aMS37 01 [Antropoda Crustacea |Ostracoda |Ostracoda 17,2 ical indicators
e I C 13 12| adriatic BARBARAC-BONACCIA | 05/08/2010| pistr-2ni-08. 1 1[ams37 01 [antropods Crustaces |Tsinadsces |Leptochelia ssvignyi L 17,2
14|13 | Adriatic BARBARA C - BONACCIA 05/08/2010 | piatt-eni-08 1 1|AMS37 01 w otrech M 17,2
- - 15 14 | Adriatic BARBARA C - BONACCIA 05/08/2010 | pistt-eni-08 1 1|AMS537_01 Mollusea |Bivalvia | i minimum | Cardiidae 17,2
C 0 m m u n I tl es 16 15 Adriatic BARBARAC-BONACCIA | 05/08/2010|piste-eni-08 1 1[ams37_01 Mollusca [Dosinia lupinus [venerids 17,2 . a
17 | 18 | Adriatic BARBARA C - BONACCIA 05/08/2010 | piatt-eni-08 1 1|AMS37 01 Mollusca |LuriDEin((Eus ‘Lu(' idze 34,5 AMBI BOPA
18 17 [Adristic BARBARAC-BONACCIA | 05/08/2010| pistr-ani-08. 1 1[AMs537_01 Molluscs Pyse\\a bidentats [ 17,2
19 1] [Adriatic 1 1[ams37_01 Mollusca Kell Kellidas 17,2
20| 19 | Adriatic BARBARA C - BONACCIA 05/08/2010 | piatt-eni-08 1 1|AMS37_01 Nemzteda |Nema:nda ‘ 17,8 MODERATE _
21 [ 20] [Adristic BARBARAC-BONACCIA | 05/08/2010| pistr-2ni-08. 1 1[AMs537 01 Prialupida |Prispulus sp. |Priapuligae 345
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Integration of various LOEs into WOE and class of Risk
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* Importance of multidisciplinary WOE approach for characterizing environmental
guality 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

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