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Weight Of Evidence (WOE) for risk assessment of pollution in the marine environment: 

criteria for elaboration of individual Lines Of Evidence (LOEs)

Interpretation and significance of complex datasets 

of heterogeneous results

Integration of different typologies of data

Qualitative and quantitative evaluations: indices and 

scales development

Synthetic risk characterization/communication

Wide validation (sediments, harbors, petrol-

chemical sites, incidents, remediation areas, deep-

sea mining, natural seepage, etc.…)

CRITICAL ISSUES IN RISK ASSESSMENT OF CHEMICAL 

POLLUTANTS

INTEGRATED MODELS FOR RISK ASSESSMENT
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Weighted elaboration of different LOEs and integration into WOE and class of Risk

Chemical analyses:
no «pass-to-fail» criteria

number, typology (weight) and 

magnitude (thresholds) of 

exceeding chemicals

Bioaccumulation:
number, typology (weight), 

magnitude (thresholds) and 

statistical significance of 

accumulated chemical

Cellular effects (biomarkers):
number of varied biomarkers, toxicological

relevance of endpoints (weight), magnitude

of variation compared to specific thresholds

and statistical significance of variations

Ecotoxicological bioassays:

no «pass-to-fail» criteria
batteries of ecotoxicological bioassays, each 

with a specific weight depending on the 

biological endpoint, and a threshold based on 

species sensitivity and assay conditions. 

Cumulative effects are calculated on a scale 

ranging from 0 to 10

Benthic communities:
elaboration from the list of observed species and 

individuals, of all the already available 

community descriptors, indices of taxonomic 

diversity and ecological indicators, to select the 

more appropriate descriptor, according to the 

investigated area

WOE elaboration and integration of LOEs: normalization to a common scale of Hazard Quotients and assignment

of a different weight depending on their ecological relevance,

LOE Chemical characterization LOE Bioavailability

LOE Sublethal effects Biomarker

LOE Sublethal effects Biomarker

LOE Toxicological Bioassays LOE Benthic communities
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LOE Chemical characterization LOE Bioavailability

LOE Sublethal effects Biomarker

LOE Benthic communities

WOE

LOE Toxicological Bioassays

Native and
caged mussels

Sediments
collection

M. galloprovincialis

Bioaccumulation test
with H. diversicolor

Bioaccumulation
of chemicals

ROO·
·O2H

·O2
-HO·

H2O2

Biomarkers
analyses

20 sampling
points for each

offshore platform

Ecotoxicological tests:
V. fischeri
P. tricornutum
A. tonsa
P. lividus
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Analyses
of benthic

communities

LOE 2

LOE 1
LOE 2

LOE 5LOE 4

LOE 3

LINES OF EVIDENCE

LOE 1: Sediments chemistry

LOE 2: Bioavailability on sentinel organisms

LOE 3: Biomarkers on sentinel organisms

LOE 4: Ecotoxicological tests

LOE 5: Analyses of benthic communities

Chemical
analyses
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Chemical analyses of sediments

- 3 platforms

- 60 sampling sites

- ca 60 analytes (trace metals, PAHs, aliphatic 

hydrocarbons, pesticides)

RSM-A

RSM-B

RSM-C

- Total of 3600 analyses to interpret….

- Normative Guidelines (EU Sediment Quality guidelines, L1 and L2 limits of the 

Italian Decree on sediment management, DM173/2016)

Output of Chemical Module
- HQ value

- Maximum % contribution given to HQ by a single analyte

- n. parameters exceeding the reference, with a reference, and analyzed

- class of chemical hazard

NORMATIVES AND SEDIMENT QUALITY GUIDELINES

EASY TO UPDATE WITH OTHER REFERENCES

Not significant differences as a function of 

platform, distance, current according to EU-

SQA

RSM A

RSM B

RSM C
ABSENT

90%

SLIGHT

10%

ABSENT 

15%

NEGLIGIBLE

25%

MODERATE

15%

SLIGHT 

45%

ABSENT

55%

NEGLIGIBLE

40%

SLIGHT 

5%
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Bioaccumulation in mussels and polychaetes
- 3 platforms, native mussels, transplanted mussels, laboratory exposed polychaetes (4 weeks)

- 34 analytes (trace metals, PAHs, aliphatic hydrocarbons)

-Total of 5500 analyses to interpret

Laboratory exposed 

Hediste diversicolor

Native mussels

Transplanted mussels

SLIGHT

100%

SLIGHT

100%

SLIGHT

100%

RSM A

RSM B

RSM C

SLIGHT

100%

ABSENT

100%

SLIGHT

100%

RSM A

RSM B

RSM C

ABSENT

50%

SLIGHT

50%

RSM A

ABSENT

83%

SLIGHT

17%

RSM B

ABSENT

33%SLIGHT

67%

RSM C

Biomarkers in native and transplanted mussels

- 3 platforms, native mussels, transplanted mussels (4 weeks)

- 16 biomarker pathways (Metallothioneins, acetylcholinesterase, immune parameters, lysosomal 

responses, antioxidants and TOSC, lipid peroxidation, DNA damage)

-Total of 576 analyses to interpret Native mussels

Transplanted mussels

MODERATE

100%
RSM C

SLIGHT

100%

SLIGHT

50%

MODERATE

50%

MODERATE

100%

RSM A

RSM B

SLIGHT

100%

SLIGHT

100%

RSM B

RSM C

SLIGHT

100%

RSM A
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Ecotoxicological bioassays

- 8 sediment samples for each of the 3 platforms

- 4 bioassays (Vibrio fischeri, Phaeodactylum tricornutum, Paracentrotus lividus, Acartia tonsa,)

-Total of 400 analyses to interpret

ABSENT

100%

RSM C

ABSENT

100%

RSM B

ABSENT

100%

RSM A

Benthic Communities 

- 20 sediment samples in triplicate for each of the 3 platforms

-Total of 180 communities samples to interpret

ABSENT

100%

NEGLIGIBLE

75%

ABSENT

25%

NEGLIGIBLE

85%

ABSENT

15%

ABSENT

35%
NEGLIGIBLE

65%
RSM B

RSM C

RSM A

Policheti

87%

Crostacei

8%

Echinodermi

2%

Molluschi

1%
Altri taxa

2%

Policheti

85%

Crostacei

8%

Echinodermi

3%

Molluschi

2%
Altri taxa

2%

Policheti Crostacei Echinodermi Molluschi Altri taxa

Policheti

90%

Crostacei

5%

Echinodermi

3%Molluschi

1%

Altri taxa

1%

RSM A RSM B RSM C
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Flow chart for integration of various LOEs into WOE and class of Risk
Class of  

HQc

Class of  

HQBA

Class of  

HQBM

Class of  

HQBATTERY

Class of  

HQBC

normalization normalization normalization normalization normalization

NORMALIZATION TO 100%

WOE

ABSENT MODERATESLIGHT MAJOR SEVERE

20 40 60 80 1000

x 1 x 1.2 x 1 x 1.2 x 1.3

More than 10.200 analyses to interpret….and summarize!

202220192016

WOERSM AWOERSM AWOERSM A

ASSENTEASSENTEASSENTEASSENTEBASSOASSENTELOE1 (Chimica dei sedimenti)

ASSENTEBASSOBASSOLOE2a (Biodisponibilità nei mitili)

BASSOBASSOBASSOLOE2b (Biodisponibilità nei policheti)

BASSOMEDIOBASSOLOE3 (Biomarker nei mitili)

BASSOASSENTEASSENTELOE4 (Batteria di saggi ecotossicologici)

BASSOASSENTEBASSOLOE5 (Comunità bentoniche)

202220192016

WOERSM BWOERSM BWOERSM B

BASSOASSENTEBASSOBASSOBASSOBASSOLOE1 (Chimica dei sedimenti)

BASSOBASSOBASSOLOE2a (Biodisponibilità nei mitili)

BASSOBASSOBASSOLOE2b (Biodisponibilità nei policheti)

BASSOBASSOBASSOLOE3 (Biomarker nei mitili)

BASSOASSENTEASSENTELOE4 (Batteria di saggi ecotossicologici)

BASSOASSENTEBASSOLOE5 (Comunità bentoniche)

202220192016

WOERSM CWOERSM CWOERSM C

ASSENTEASSENTEASSENTETRASCURABILEBASSOTRASCURABILELOE1 (Chimica dei sedimenti)

ASSENTEBASSOBASSOLOE2a (Biodisponibilità nei mitili)

BASSOASSENTEBASSOLOE2b (Biodisponibilità nei policheti)

BASSOBASSOBASSOLOE3 (Biomarker nei mitili)

ASSENTEASSENTEASSENTELOE4 (Batteria di saggi ecotossicologici)

BASSOASSENTEBASSOLOE5 (Comunità bentoniche)

Easy comparison between different years and/or sites
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Easily adapted to local/regional/national specificities

Very few data on their basal levels in environmental 

matrices

Limited characterization of their bioavailability, 

toxicological – ecological effects

Complex matrices (synergistic, additive, antagonistic 

effects), interactions with other factors (chlorination, UV, 

acidification, etc)

Integration of different typologies of data

Synthetic risk characterization/communication

Validation

CRITICAL ISSUES IN RISK ASSESSMENT OF EMERGING 

POLLUTANTS

Weight Of Evidence (WOE) Model for risk assessment of 

emerging pollutants and microplastics

Too generic definition of microplastics (<5mm)

Different sampling and analytical procedures provide 

non-comparable datasets

Unclear influence of specific characteristics (size, shape, 

polymer) on environmental fate and biological effects of 

microplastics

Integration of different typologies of data

Synthetic risk characterization/communication

Validation

CRITICAL ISSUES IN RISK ASSESSMENT OF 

MICROPLASTICS
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https://bit.ly/woe-mps

Simple and intuitive interface and import of data 

from excel files
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WOE MPs | Integration WOE

Surface Water

Water Column

Sediments

M. galloprovincialis

P. lividus
A. virdis

Bioassays Battery
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Perspectives on WOE approach

• Importance of multidisciplinary WOE approach for characterizing environmental quality and

risk assessment in the marine environment

• 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

Thank you

f.regoli@univpm.it 
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