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Weight Of Evidence (WOE) approaches for risk assessment in the marine
environment: definition of weighted criteria for elaboration of individual
Lines Of Evidence (LOES)

INTEGRATED MODELS FOR RISK ASSESSMENT

Bioavailability =
>f chemicals ,j & N

Toxicological

Bioassays community,

koloxicological" y
‘ approach Ecology
(biomarkers) (population, .

CRITICAL ISSUES IN RISK ASSESSMENT

Interpretation and significance of cc
datasets of heterogeneous res

Qualitative and quantitative evaluz
indices and scales developme

Integration of different typologies «

Synthetic risk characterization/communi
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Quantitative risk assessment model based on Weight of Evidence
approach

LOE 2
Bioavailability

For each submitted sample.

Bioassays Biomarkers

Effect(s) = |1 - S2mPte -100
ffect(t) ‘conirol mean (i)

|

Integrated Risk
Index using WOE
approach

2(i)
(4] Ef fect, (1) = Ef fect(D) - oG o
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Elaboration of chemical characterization in abiotic matrices

For each submltted value

3)

k(4)

S

ata accuracy MSG
control o

yes

erence value(i) exists

l

measured value(i)
reference value(i)

l

RTRuw (i) = RTR(i) - weight(i)
| J

RTR(i) =

N
(5) ZRTRW(J)RTR(])ﬂ ¥
HQ. = L +Z RTRW(k)RTR(k)>l
N k=1
HQ_ value Class of chemical hazard
0to<0.7 —> Absent
0.7to<1.3 > Negligible
(6) 1.3t0<2.6 —> Slight
2.6t0<6.5 > Moderate
6.5to<13 > Major
>13 -> Severe

toals 1
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..from pass-to-fail approach to weighted crlten,' '

-Calculation for each parameter concentration of th
Reference, RTR

-Correction for typology of pollutants (i.e. hazardo
RTRp

- Cumulative HQ differently weights for parameters
and those with RTR>1

- Classification of HQ in 1 of 5 classes of hazard
(absent-negligible, slight, moderate, major, severe) y
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Longirads  Area
B922483 Genuva
8,919 Genovs
BBIS1LT Genova
£,933853 Genova
8321642 Genova
B.ET4175 Genova
9849547 La Spedls
984957 La Spedia
9,889583 La Spevia
FBATSIE La Spudia
984578 La Speaia

St

Diga foramea Imbocsatura bevanke
Porto antico

Foca Polcavera

Diga foranea Imboccatura levant
Pone antico

Foxe Polcevera

Mabs Fornelll

Mizho Faenelli

Msa Feenalli

Medo Fornelli

Tra Moto garibaldl & Mota Famelll

Date sampling eade

131122018 GR-GE-1-56-01
131272018 GR-GE-1-5E02
13/12f 2008 GRAGE-1-3E03
16/05/2019 GR-GE-II-5£.01
16/05/201% GR-GE-I1-56-02
16/05/2019 GR-GE-1I-5€-03
20112007 MFL
20/11/2007 M2
20112017 MF3
011172007 MF4
14/05/2019 GR-5P-¥-SE-01

Core eode Laval code Samole code  [as

GR-GE--SE-01
GRAGE4.SE-02
GR-GE5E-03
GRGE11SE.01
GR-GEISE-0
GR-GE-IISE-03
MEL
ME2
MF3
MEa
GREPISEDL

REFERENCE VALUES (Marine sediments)
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B.78078

5,6098
10,4238
803118
13,9385
545135

23,7408

Ba Ba

EASY TO UPDATE WITH
OTHER REFERENCES

GR-0L-1-SE-01

Latitude

40.924105

Date

26/06/2018

L1 (D.Lgs. 173/16)

Chemical HQ
Max % contr. to HO

M exceeding param
N. param with refer

N_analysed param

Level of chemical hazard

=] =

0.74035
0,34245
0,86853
043679
040952
037115

GR-OL-I-SE-01

9.525128

MEGLIGIBLE

LT

Banchina Isola Bianca

Core code

Note

Prima campagna

LZ(D.Lgs 173/16)

Chemical HO
Max % contr to HO
N. exceeding param

N am with refer

N. analysed param

OClbia

Level code

Level of chemical hazard

ABSENT

“

NORMATIVES AND SEDIMENT QUALITY GUIDELINES

EASY TO UPDATE WITH OTHER REFERENCES

A O30 GROLLSE-M Banchin ol Biscs [l 8 ot

40.924705 9.525128

Date

- HQ value

- Maximum % contribution given
to HQ by a single analyte

- n. parameters exceeding the
reference

- n. parameters with a reference
- n. analyzed parameters

- class of chemical hazard
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Flow chart and£a

For each submitted value

(1) | Average, std dev, replicates ]

(2) % MSG
Bioavailebility i

3) RTR()= samiple _ mean(i) -

Iculation of bioavailability HQ

(8)

control _mean(i)

Statistical comparison between sample and control groups

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

2=0.20r0.50r1
settable by user

0.05 0.08 1P

sample _mean(i)
control _mean(i)

!

Class of hazard

(5) RTRy (i) =

- Z(i)-weight(i)

RTRui) <1.3 > A Absent

(6) 1.35RTRli) <2.6 = B Slight
2,65 RTRyli) <6.5 = C Moderate
6.52RTRy(i) < 13 = D Major
13 = RTR (i) = E Severe
s
Y RTRy (i) ssamm, 28 &
7) el
HQpy ‘—'f +ZRTRT(")RH, 26
]
Level of heeerd bioevedlabiliny =

(V0P @llgrgen 1) +(POPAAN s2armer s - 3) + (DDA, gonrpass ) +(VPTAN oprmaas - 2T)+ (VoD Ngrzsy 81

Class of hazard for bioavailability
100 =  Absent

100te 240 >  Slight

240to 720 = Moderate

720t0 2160 =  Major
2160t0 8100 2 Severe

M,mJus an!k:pm«maa‘:s

Anguilla anguilia

Tapes philippinarum  Hediste

Calculation for each analyte of increase
corrected for weight and statistical signi

Assignment of each parameter to 1 of 5
(absent, slight, moderate, major, severe

The cumulative HQ differently
parameters according to the entity of
an average)

Level of cumulative HQ is summar
distribution of parameters in the classe

| campagna GR-OL-I-MT-01 Olbia

Date
Bioavailability
:
Re
E
:

S

Note

Level of hazard for bicavailability

MODERATE
class MAJOR
ram in class SEVERE
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GR-OL-I-MT-01 Banchina Isola Bianca
atitude Longiude Level code
40.925851 9.531496

SLIGHT




Flow chart and calculation of

biomarkers HQ

START

Biomarkers

For each submitted sample

¥

[ Average, std dev, replicates |

' For each biomarker, the variation is

.
M5G . . ° ° -5h
2 o Threshold, corrected for statistical signif
yes o . .
i importance of biomarker (weight)
3) mn%_(n—[l—m]-mo
(4) Siglliﬁcanceca!culaliunlandadjusllnent-)z(i} ® ASSignment Of eaCh biomarker response to 1
VARY% (i) — VARK =0 N  —VAR%_(i) ; Of EffeCt
)| Bt = 2 hreshaid 2 Effect() =0 e = s ol 8
\ . S {{ ]w-/[ | ¢/ Calculation and classification of cumulative
Effect,{i) = Effect(i) * Weight(i
! of hazard according to % distribution of bi
(7) Validation of minimum requirements
= the 5 classes
Effect(i) <1 = A Absent
(8) 1 <FEffect() <1.5 2 B Slight
1.5 <Effect(i) <2.5 2 € Moderate
25 sEffect(i) <4 = D Major
4 s Effect() > ESevere GR-SP-IlI-MT-03 Terza campagna GR-SP-11I-MT03: La Spezia Cadimare molo aeronautica miligire
v
) Latrtude ngrtude Core code Level code
© ;E”"“"‘”"-5“”“‘0)“-‘ : 44.08315167 9.824972222
Qom = Ty ——— i Zl Effecty(K)grrectifi»2s
Date Note
l 19/11/2019 Second
Class of hazard for biomarkers = - ral of harard far binmarlker
(vbbiomarkgspece<y * 1) + (Yobiomark,zgspece<ys + 1.5) + (Yobiomark, s-pprece2s * 2.5) Blomarkers e
(10) +(%biumurk,_,;:,_g”—m,(_.. . 4}&(%!}!’0:!:0:‘.7(,;”,,,,4 . 6]

v

Class of hazard bioamarker
< 100 =3  Absent

(11) 2 100to<150 =  Slight
> 150to<250 - Moderate
4@ Major

Severe
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Flow chart and calculation
of bioassays HQ

START
For each submitted sample
/{1] Data accuracy \
control -

yes

sample mean (1)
coIm‘ol mean (f.)

b 2 Effect(i) = |

I ERREVA]

(3) | Significance calculation and adjustment=> Z(i) |

z(i)

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

(4) Ef fect (D) = Effect(®)- ~ control mean )| " threshold(i)

\

- Species | e
e Matrix / \
° i i
Endpc.)lnt (5) HQparrERy = Z Effect,, (k) - w;
» Experimental =
conditions (6)

Class of hazard bioassay

= <1.0 -  Absent
>1.0to<15 >  Slight
1 215t0<3.0 =  Moderate
. 23.0t0<6.0 = Major
9

Battery Maximum (100%\2 6.0 to < 10.0 Severe /
hreshold  effect in the battery /

MONITO0L @)
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Each bioassay has a Weight depe
the biological endpoint, and a
based on tested matrix, time o
hormesis

Variation of each bioassay is com
Threshold, corrected for the
significance and the weight of the

A cumulative HOQ for the battery is
by the summation of each effegt
threshold of the battery |
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Out P ut Module A — ” l e
bioassays

43.102303 5.925276
Date Note

agamonimu

Single Bicassay Results: Vibrio_fischeri

- ETy 337 30
Bioassays n
A Cenibvil We Ef o
12 £ o
Single Bioassay Results Phasodactylum_tricarnitum
41ga 1516

Single Bioassay Results

Single Bioassay Results: Paracentrotus_lividus

A\

kA RN

Level of hazard for bicassays

Level of hazard for bioassays
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Example of elaboration and data output

oL17 Z/f» 0 20w 3:-;' ot
Benthic
- Date
communities '
A B C 8] | i U proe siromic Siversity Incices
START e
For each submitted value
/ Data accurac A
(1) AMEL BOPA

control

(2) l

(N) (5) ECOQ| H’ ECOQ” H’
BOPA  BENTHIX
BITS

m-AME BENTHIX

Select: 1 index
‘

HQg. = index normalization

@

Y
/ HQpg, Level of hazard ’ ’
<20 -  Absent |
(4) >20 -<40 Slig ht Ecoll W (Simboura & Zenetos, 2001) ool W [Vincent, 2002)

MOORATE

=40 -<60
>60 -< 80
QSO -<100

Moderate
Major

Severe /

9
9
9
9

¢

Olbia OL1F

~
&

L M M (0] P Q
gine | Phylum Clazs Genus Species Family abb

Anellida Polichaeta Ampharete acutifrons Ampharetidae 17,2
Anellida Polichaeta Aricidea albatrozsae Paraonidae 17,2
Anellida Polichaeta Cirratulus sp. Cirratulidae 17,2
Anellida Polichaeta Glycera sp. Glyceridae 17,2
Anellida Polichaeta Hesioni Hesioni 17,2
Anellida Polichaeta Levinzenia sp. Paraonidae 120,7
Anellida Polichaeta Marphyza bellii Eunicidae 17,2
Anellida Polichaeta |atericeus | Capi 17,2
Anellida Polichaeta Orbinia sp. Orbiniidae 51,7
Anellida Polichaeta Paralacydonia paradoxa |Paralacy 17,2
Antropoda Crustacea |Ostracods [Ostracods 17,2
Antropoda Crustacea |Tainadacea [Leptochelia savignyi Leptocheliidae 17,2
Echincdermata |Holoturidea Myriotrochus sp. Myriotrochidae 17,2
Maollusca Bivalvia Parvicardium mini Cardii 17,2
Maollusca Dosinia lupinus Veneridae 17,2
Maollusca Loripes lacteus Lucinidae 34,5
Maollusca Mysellz bidentata Montacutidae 17,2
Mollusca Kellia suborbicularis Kellidae 17,2

137,9
Prizlupida Priapulus sp. Priapulidae 34,5
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Integration of various LOEs into WOE and class of Risk

Class of
HQ,

Class of
HQ.

Class of

Class of

Class of
HQBA‘I‘I’ERY

Class of

normalization

normal

ization

normalization

normalization

normalization

normalization

x1

x1

x1.2

x1.3

NORMALIZATION TO 100%

WOE

ABSENT

SLIGHT

20

MONITOOL
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40

60

80

=

RTR() = sample_ mean()

o) contral _ ueant)

replcates 23 sample replicates < 3

05

5 Zenionset
005 006 1P kbl

RTRL) <13 3 A Absent

W | LISRTRGH) <26 3 & Slight
L6 SATRG] <65 3 © Moderate
BSERTRLY] < 13 & O Major

® RTRy () = bt} U 7ty weighiti)
13 £ RTR0) & Severe
.

Pticance calculation
Ef fect, (i) = Ef fect(i

' HQuarrery = . Effect,

control | mean(i)
RT By (1)) scprm, <26

Class of hazard
.
HQy, ==L i + 3 RTRy (W, 215
-

(Soparam; aaracas 9) +
(Foparany s.pre<aa: £7) +
(Fparampresys - 81}

MODERATE SEVERE

100

s
121 if reference valueli) exists

=

nlimrn‘d valneliy

MRTR(i) =
0 reference valnelf)

181 RIRwU) = RIRG) weighild)

F] +
T RTReUimmia 4
= * 2 RIRAB imar

L =
o =

40 L B0
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WOE for monitoring complex scenarios

Class of

HQ.

Class of
HQga

Class of
HQgw

Class of
H QBATTERY

Class of
HQgc

normalization

normalization

normalization

normalization

normalization

x1 X 1.2 X1 x 1.2 x 1.3
NORMALIZATION TO 100%
WOE
ABSENT SLIGHT

Weight of evidence integration

Area Adriatic Platform
Site RSM B
f sediments SLIGHT
SLIGHT
SLIGHT
ABSENT
Benthic Communities NEGLIGIBLE
Weight of Evidence integration SLIGHT

Weight of Evidence integration

MODERATE SEVERE

20

Almost 7.000 analyses to interpret...

MONITOOL @)
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40

1y monitor .

60

80

100

.and summarize!

SLIGHT
SLIGHT
ABSENT

NEGLIGIBLE

Site RSM A

Weight of Evidence integration

NEGLIGIBLE

SLIGHT

Adriatic Platform

Weight of evidence integration

ABSENT
SLIGHT
SLIGHT
ABSENT
NEGLIGIBLE

SLIGHT

5N
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Validation of Weight of Evidence (WOE) model for freshwater envirc

Class of Class of Class of Class of Class of Class of Class of Class of Class of
HQ. HQ. HQga HQgw HQgarreRY HQwmi HQp: HQwe HQkr
| normalization | normalization || normalization || normalization || normalization || normalization || normalization normalization normalization ‘?@i 0 i
L L e A . R
Model Freshwater Quality Assessment
|« | | xos x12 | [ x2 | [ x12 | | x13 x11 | | x11 | | x09 |

MONITOOL
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N

| NORMALIZAT

ION TO 100% |

WOE

0

80

ABSENT | SLIGHT | MODERATE SEVERE

20

100

MANUALE D'USO
FreshQualSoft® versione 2.0

Model for Freshwater Quality Assessment

("IN

Weight of Evidence integration

Area |Cecina

Site |River Cecina

Chemical characterization of sediments

MAJOR

Chemical characterization of soil |

Chemical characterization of water column ! MODERATE |
Bioavailability of chemicals | SLIGHT :|
Sublethal effects Biomarkers | MODERATE |
Toxicological Bioassays —A_BSHE_I\;T—_|

Macroinvertebrates [ MODERATE
ABSENT

Diatoms community
Macrophytes

Index of river functionality

Weight of Evidence integr |
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? frontiers

in Marine Science

ORIGINAL RESEARCH
15 Novermber 2013
5Mmars. 2018.00588
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Mussel Caging and the Weight of
Evidence Approach in the
Assessment of Chemical

Contamination in Coastal Waters of
Finland (Baltic Sea)

Kari K. Lehtonen ™, Giuseppe d'Errico®, Samuli Korpinen ', Francesco Regoli®,
Haidi Ahkola?, Fuy&l}munnn and Anu Lastuméaki®

Lefbonen et &l

Contemination and the WOE A ihe Balfic Sea

TABLE 3 | Biaborafions with lavals of hazand essigned o the difierant LOE= end the ingl WOE.

Site Benthic Mear-bottom  Eufrophication  Welght of Evidence Integration
communities oxygen
Fothke HI: 4,229 HO: 67.174 Apsent Mejor MODERATE
Moterete Major |
[ |
CAT-GEST [
Ponvos HG: 4,642 HO: 46.07E Signt Mejor MODERATE
Motarste Moderata 5
GETLPO- L
CAT: GR
Hetzinkl H: 2517 HO: 31.326 Apsent Mejor SUGHT
Mogerste signt |
- GST l| I|'
Hanko HG: 2714 HO: 36,377 Apsent Moderate SLGHT w
Modarsie Moderate rdk
GA-GST: - o
Paralnen HG: 2.008 HO: 48,291 Apsent Mejor MODERATE ,O!‘_
Saght Moderata { 1
LPO;- i/
Maantsll Ho: 2629 HO: BO.7T10 H: 2,402 HO: 48,020 Apsent Mejor MODERATE ‘\T
Moderate =T Moterete Modersta ,r<_/
100% Zn FLL; PER- GET-CAT, - [ f
osn
Uuskaupurkl  HO: 1.586 HO: 1,585 HEZ:2.42 HO: 8.520 Signt Moderate SUGHT
st Motarste Absent 't
100% Zn CAT-GST, - [
Fauma Hox: B.18 H: 2,125 HO: 33676 Apsent Moderste MODERATE 1\[
Moderate saght Slignt ..r<_/
B1.5% Zn ; PER-88P CAT: - L
Fod HI: 0283 H: O H: 0 HO: 50,866 Apsent Siight SLGHT 6;_
Absant Absent Apsent Moderata 5
. {
\assa HI: 2,199 HO: 4,206 H: 1.0 HO: 58,888 Apsant Sagnt SLUGHT {’\‘} =
sight Signt sagnt Moderata /TN
100% Zn - i [ )
Heszard Cersitent () is providked for chemical charactenizsion of seawatsr {showing the = of the parameler ingr s A the HEY, bioevalabi showing

rmvie e il ek it dhmain mismte ae i il sed bentbie comeeitiee
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Gontemination and the WOE Approsch In ihe Balfic £

/"‘

-"“'

-
- =
""
e
“PoRI
.

L

o

"f/ —
aunan
e . o
— - . -

©

IAGURE 1 | Study sites along the coest of Fnland. The biack dot In each site map rapresent the exact she of the mussal
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