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Questions to solve related to:
Chemic

al 
analysis

Ecotoxicologic
al studies

Ecologic
al studies Conclusions

+ + + Evident loss of environmental quality 
caused by contamination

Interpretation and significance of results

Indices and scales development

1

2

caused by contamination.

- - - Evident lack of environmental 
contamination.

+ - - Presence of non-bioavailable 
contaminants.
Presence of conditions or

3 Synthetic integration of different kinds of
results

- + -
Presence of conditions or 
contaminants that have not been 
analysed that could cause potential 
loss of environmental quality.

- - + Ecological alteration not caused by the 
toxicity of pollutants.toxicity of pollutants.

+ + - The toxicity of the pollutants is the 
cause of environmental stress.

- + +
Loss of environmental quality caused 
by contaminants that have not been 
analysed.ysed.

+ - +
Contaminants are not bioavailable or 
the ecological alterations are not due 
to the toxicity of pollutants.

Chemical
measuraments This approach combines three types of analysis,

referred to as lines of evidence (LOE):
•LOE 1: Chemical analysis, to determine the level

Benthic
community
studies

Ecotossicological
analysis

LOE 1: Chemical analysis, to determine the level
of contamination;
•LOE 2: Ecotoxicological analysis, to measure the
toxicity of the sediment as a whole;
•LOE 3: Ecological analysis (benthic ecology), i.e.

General structure of the Triad approach

the analysis of the structure of benthic
communities to identify changes at the biological
level.



A multidisciplinary and integrated Multiple Lines of 
Evidence Approach (MLEA) is widely used in recent 
years to assess sediment quality around the worldyears to assess sediment quality around the world 

Through the use of MLEA it is possible to quantify pollutant effects 
at different levels of biological organisationg g

Molecular -
Subcellular Cellular Individual/AnimalTissue and 

organs

Biomarker

Population/CommunityMolecular -
Subcellular Cellular Individual/AnimalTissue and 

organs

Biomarker

Population/CommunityMolecular -
Subcellular Cellular Individual/AnimalTissue and 

organs

Biomarker

Population/CommunityMolecular -
Subcellular Cellular Individual/AnimalTissue and 

organs

Biomarker

Population/Community

Bi l ti

Biomarker

Bioassay

Bi l ti

Biomarker

Bioassay

Bi l ti

Biomarker

Bioassay

Bi l ti

Biomarker

Bioassay

Bioaccumulation

Community studies

Bioaccumulation

Community studies

Bioaccumulation

Community studies

Bioaccumulation

Community studies

Chemical analisysChemical analisysChemical analisysChemical analisys



The model was based on four independent LOEs, each of which provided 
synthetic indices that were finally integrated into a WOE evaluation 

Evaluation model: general structure 
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Module 1Module 1-- Chemical analyses of sedimentsChemical analyses of sediments
Chemical

START
Chemical

START MAIN TOPICS

Data accuracy
control no

MSG (1)

For each submitted value

Data accuracy
control no

MSG (1)

For each submitted value

Selection of 115 analytes (with reference values)

Selection of chemical reference values (SQG, 
national and international legislations)

yes

if reference value(i) exists(2)

yes

if reference value(i) exists(2)

Selection of 115 analytes (with reference values)

( )( )
( )

measured value iRTR i
reference value i

=(3) ( )( )
( )

measured value iRTR i
reference value i

=(3)

Weighting to each RTR in function of the 
environmental and toxicological significance of

Calculation of Ratio To Reference (RTR)

( ) ( ) ( )W i RTR i weight iRTR = ⋅

N

(4) ( ) ( ) ( )W i RTR i weight iRTR = ⋅

N

(4) environmental and toxicological significance of 
the contaminant, according to  105/2008/EC for
the 105 Hazardous substances
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(5) Calculation of cumulative chemical Hazard

Quotient (HQc)

HQC value Class of chemical hazard
0 to < 0.7      Absent

0.7 to <1.3      Negligible
1.3 to <2.6      Slight
2 6 to <6 5 Moderate

(6)

HQC value Class of chemical hazard
0 to < 0.7      Absent

0.7 to <1.3      Negligible
1.3 to <2.6      Slight
2 6 to <6 5 Moderate

(6)
Assignment to one of 6 classes of chemical
hazard2.6 to <6.5      Moderate

6.5 to <13      Major
≥ 13         Severe

2.6 to <6.5      Moderate
6.5 to <13      Major

≥ 13         Severe



Module 1Module 1-- Model out put  for sediment chemistry data processingModel out put  for sediment chemistry data processing

- HQ value;

- Maximum % contribution given 
to HQ by a single analyte;

- n. parameters exceeding the 
reference;

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

- class of chemical hazard



Module 2Module 2-- Bioavailability Bioavailability 
START

(1)

For each submitted value

Average, std dev, replicates

MAIN TOPICS
Data accuracy

control

yes
no

MSG (2)

(3)
_ ( )

( )
( )

sample mean i
RTR i

l i
=

Selection of species, tissue/organ, experimental
conditions, time exposure

Calculation of Ratio To Reference (RTR)

(4)

sample replicates≥ 3 and
control replicates≥ 3

_ ( )control mean i

Statisticalcomparisonbetween sample and controlgroups

sample replicates < 3
or control replicates < 3

*Z
1

0.5

Calculation of Ratio To Reference (RTR)

Correction with regards to statistical significance

_ ( )( ) ( ) ( )W
sample mean iRTR i Z i weight i= ⋅ ⋅(5)

Z = 0.2 or 0.5 or 1
settable byuser

0.05 P

0.2

0.06 1

Weighting to each RTR in function of the 
environmental and toxicological significance of the

Correction with regards to statistical significance

( ) ( ) ( )
_ ( )W g

control mean i
( )

Classof hazard
RTRW(i)   < 1.3     A Absent

1.3 ≤ RTRW(i)  < 2.6     B Slight
2.6 ≤ RTRW(i)  < 6.5     C Moderate

(6)

environmental and toxicological significance of the 
contaminant (like Module 1)

Assignment of each parameter to one of 5 classes of
chemical hazard (expert judgement)6.5 ≤ RTRW(i)  <  13     D Major

RTRW(i)   ≥  13     E Severe

1.3 2.6
1
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( )
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n
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RTR

≤ <
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∑(7) Calculation of cumulative Hazard Quotient (HQBA)

chemical hazard (expert judgement)

2.6
1

( )
WBA W RTR

n

HQ n
j

RTR ≥
=

= +∑

1.3 1.3 2.6 2.6 6.5 6.5 13 13

   
(% 1) (% 3) (% 9) (% 27) (% 81)RTR RTR RTR RTR RTR

Class of hazard bioavailability
param param param param param< ≥ < ≥ < ≥ < >

=
⋅ + ⋅ + ⋅ + ⋅ + ⋅(8)

Calculation of cumulative Hazard Quotient (HQBA)

Class of hazard for bioavailability
100      Absent

100 to 300      Slight
300 to 900      Moderate
900 to 2700      Major
2700 to 8100      Severe

0.3257

1 0 0.05
3.5 50 0.05 0.06

0.2 0.06 1

p
Z p p

p p−

⎧ ≤ ≤
⎪

= − ⋅ < ≤⎨
⎪ ⋅ < ≤⎩

*
Assignment of Hazard of bioavalability to one of 5 
classes



Module 2Module 2-- Model out put  for bioavailability data processingModel out put  for bioavailability data processing

-n. of parameters in each of the 5 
classes of hazard
- cumulative HQ value 

class of hazard for bioavailability- class of hazard  for bioavailability

- wild specimens
- caged organism
- laboratory exposure

Mytilus galloprovincialisTapes philippinarumHediste diversicolor

Anguilla anguilla



Module 3Module 3-- Biomarker (1/2)Biomarker (1/2)
Biomarker

START

(1)

For each submitted sample

Average, std dev, replicates

Biomarker
START

(1)

For each submitted sample

Average, std dev, replicates MAIN TOPICS

Data accuracy
control

yes

no
MSG 

(1)

(2)

Data accuracy
control

yes

no
MSG 

(1)

(2)

Selection of species, biomarker, 
tissue/organ, experimental condition

 ( )% _( ) 1 100
 ( )

sample mean iVAR i
control mean i

⎛ ⎞
= − ⋅⎜ ⎟
⎝ ⎠

(3)

(4) Significance calculation and adjustment Z(i)

 ( )% _( ) 1 100
 ( )

sample mean iVAR i
control mean i

⎛ ⎞
= − ⋅⎜ ⎟
⎝ ⎠

(3)

(4) Significance calculation and adjustment Z(i)

Calculation of variation (%) vs. control

Correction with regards to statistical

% _( )( ) ( )VAR iEffect i Z i

(4) Significance calculation and adjustment Z(i)

(5)

% _( )( ) ( )VAR iEffect i Z i−
= ⋅

inhibition induction

VAR%_(i)= 0

% _( )( ) ( )VAR iEffect i Z i

(4) Significance calculation and adjustment Z(i)

(5)

% _( )( ) ( )VAR iEffect i Z i−
= ⋅

inhibition induction

VAR%_(i)= 0

significance

Calculation of effect variation (%) vs. specific
( ) ( )Effect i Z i

inhib threshold
= ⋅ ( ) ( )Effect i Z i

induct threshold
= ⋅

( ) 0Effect i =

( ) ( )Effect i Z i
inhib threshold

= ⋅ ( ) ( )Effect i Z i
induct threshold

= ⋅

( ) 0Effect i =

threshold

(6)

Validation of minimum requirements(7)

( ) ( ) ( )WEffect i Effect i weight i= ⋅(6)

Validation of minimum requirements(7)

( ) ( ) ( )WEffect i Effect i weight i= ⋅ Correction of effect with the specific weight

(8)

Class of hazard
Effect(i)  < 0.7   A Absent

0.7 ≤ Effect(i)  < 1       B Slight

q( )

(8)

Class of hazard
Effect(i)  < 0.7   A Absent

0.7 ≤ Effect(i)  < 1       B Slight

q( )

Assignment of Hazard of Biomarker to one of 5 
classes(8) ( ) g

1    ≤ Effect(i)  < 2       C Moderate
2    ≤ Effect(i)  < 3       D Major
3    ≤ Effect(i)              E Severe

(8) ( ) g
1    ≤ Effect(i)  < 2       C Moderate
2    ≤ Effect(i)  < 3       D Major
3    ≤ Effect(i)              E Severe

1/2

classes



Module 3Module 3-- Biomarker (2/2)Biomarker (2/2)
MAIN TOPICS

Calculation of HQBM of Battery of Biomarker

Assignment of Hazard of battery of biomarker 
to one of 5 classes

2/2



Module 3Module 3-- Model out put  for biomarker data processingModel out put  for biomarker data processing

test specie selection;- test-specie selection;
-Tissue selection;
-- experimental condition selection

-n. of biomarker in each of 5 
classes of hazard;
- cumulative Hazard for biomarkers



Module 4 Module 4 -- BioassaysBioassays
MAIN TOPICS

Data accuracy
control

MSG 

START

(1)

For each submitted sample

Selection of species, end-point, matrices

Calculation of variation (%) vs. control (Abbott)

control

yes

no

 ( )% _( ) 1 100
 ( )

sample mean iVAR i
control mean i

= − ⋅(2)

Correction with regards to statistical significance

C l l ti f ff t i ti (%) ifi

(3) Significance calculation and adjustment  Z(i)

Calculation of effect variation (%) vs. specific
threshold

( )  ( ) ( )( ) % _( ) 1 100
( )  ( ) ( )

Z i sample mean i Z iEffect i VAR i
threshold i control mean i threshold i

= ⋅ = − ⋅ ⋅(4)

(5) ( ) ( ) ( )WEffect i Effect i weight i= ⋅ Effect weighting in function of endpoint, threshold
and matrix

Calculation of Hazard Quotient of the battery( )
N

BATTERY WHQ Effect k= ∑

and matrix

Calculation of class of Hazard of battery vs. 
cumulative threshold of battery

(6)

(7) 1
( )

   

N

W
kBATTERY

N

Effect k
HQClass of hazard bioassays
Th

== =
∑

1
( )BATTERY W

k
Q ff

=
∑

cumulative threshold of battery
1

( )
N

BATTERY

k

Th weight k
=
∑

Class of hazard bioassays

(8)

< 1      Absent
≥ 1 to <2      Slight
≥ 2 to <4      Moderate
≥ 4 to <8      Major
≥ 8                Severe

Assignment of Hazard of battery of bioassays to
one of 5 classes



Module 4Module 4-- Model out put  for bioassays data processingModel out put  for bioassays data processing

- test-specie selection;
-Tissue selection;
-- experimental condition selection

FOR EACH BIOASSAY 
-% of effect;
- specific HQ;

FOR THE BATTERY
- n. endpoint;
- cumulative HQ;

- specific threshold;
cumulative HQ;

-- Threshold of battery;
- Class of hazard



Cumulative HQ from Modules 1Cumulative HQ from Modules 1--22--33--44

Module 1
Module 2

Bioavailability
of chemicals

Module 1
Chemical
analyses

Module 4
Module 3

Sublethal effects
Toxicological

Bioassays

Sublethal effects
Biomarkers



Cumulative HQ from Modules 1Cumulative HQ from Modules 1--22--33--44

Class of HQC

from Absent (<0.7) to 
Severe (>13)

Class of HQBA

from Absent (100) to 
Severe (2700-8100)

Class of HQBM

from Absent (70) to 
Severe (400-800)

Class of HQBS

from Absent (<1) to 
Severe (>8)

normalization normalization normalization normalization

× 1.2 × 1.2× 1 × 1

Normalization to 100%

WOE

Absent Slight Moderate Major Severe

10 25 45 700 100



Model output for the WOE Model output for the WOE 
i t ti f d t f thi t ti f d t f thintegration of data from the integration of data from the 

multiple LOEsmultiple LOEs

Chemical HQ

Bioavailability HQ

Biomarkers HQ

Bioassays HQ

Chemical HQ

Bioavailability HQBiomarkers HQ



Conclusions and perspectivesConclusions and perspectives

••TheThe modelmodel isis versatile,versatile, easyeasy toto updateupdate oror adaptadapt toto locallocal oror nationalnational
specificitiesspecificitiespp

•• ModulesModules cancan bebe usedused singularlysingularly oror inin anan integrativeintegrative approachapproach

•• ElevatedElevated sensibilitysensibility andand capabilitycapability toto discriminatediscriminate differentdifferent conditionsconditions

NN d ld l i l dii l di ii b thib thi itiiti dd hh h lthh lth•• NewNew modulesmodules including,including, ii..ee..,, benthicbenthic communitiescommunities andand humanhuman healthhealth

•• UsefulUseful additionaladditional tooltool inin aa moremore comprehensivecomprehensive processprocess ofof riskrisk
assessmentassessment andand managementmanagement decisionsdecisions




