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INTEGRATED MODELS FOR RISK ASSESSMENT



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



Quantitative risk assessment model on Weight of Evidence 
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Validation of Weight of Evidence (WOE) model for freshwater environments
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Sediqualsoft: 

Geremia

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
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LOE 1

Chemical 

Analyses

(sediments)

LOE 2

Chemical 

Analyses

(water column)

• Calculation for each parameter concentration of the Ratio To 
Reference,  RTR 

• Correction for typology of pollutants (i.e. hazardous or priority), 
RTRp

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

- to discriminate even moderately polluted sites (close to 
reference values)
- increase according to number and magnitude of exceeding 
parameters 
- not lowered by “not exceeding” parameters

• Classification of HQ in 1 of 5 classes of hazard (absent-negligible, 
slight, moderate, major, severe)

Flow chart and calculation of chemical HQ



Chemical analyses
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Flow chart and calculation

of bioavailability HQ

LOE 3

Bioavailability

• 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



Flow chart and calculation 

of biomarkers HQ

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

• Assignment of each biomarker response to 1 of 5 classes of
effect

• Calculation and classification of cumulative HQ in a level of
hazard according to % distribution of biomarkers in the 5
classes

LOE 4

Biomarkers



Flow chart and calculation 

of bioassays HQ

• Species

• Matrix

• Endpoint

• Experimental

conditions

LOE 5

Bioassays

• Each bioassay has a Weight depending on the

biological endpoint, and a Threshold based on

tested matrix, time of exposure, hormesis

• Variation of each bioassay is compared to its

Threshold, corrected for the statistical

significance and the weight of the assay

• A cumulative HQ for the battery is calculated by

the summation of each effect vs the threshold of

the battery; classification of the HQ in 1 of 5

classes of hazard, absent, slight, moderate,

major, severe (from less of the battery threshold

to 100% of effects).



Output Module

bioassays

LOE 5

Bioassays

Single Bioassay Results

Level of hazard for bioassays



Elaboration and data output 
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Integration of various LOEs into WOE and class of Risk



• 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

Conclusions
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