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Questions:to-selve related to;: Y naws 2 Lot SE e—ﬁmﬁu

== "EVident loss of enVIronmentaI guallty
caused by contamination.”
-~ Evident lack of envrronmental
) contamination. —
Preseggemavallm
_contaminants. —

dir

_ “Presence-o-conditions'or

e _ . ; : ~. contaminants that havggg@&_r_‘
Synthetic integration of different kinds of : . analysed that could calis® potentia
loss of environmental quality.
[esults Ecological alteration not caused by he™
toxicity of pollutants.

9 "' - The toxicity of the pollutants is the -

cause of environmental stress

Loss of env1ronmenta|
by contamina a\
analysed.

Contaminants are not bioa

Interpretation and significance of results

Indices and scales development

Chemical
measuraments This approach combines three types of analysis,

referred to as lines of evidence (LOE):
L OE 1: Chemical analysis, to determine the level
of contamination;
Benthic . . . L OE 2: Ecotoxicological analysis, to measure the
' cotossicological i .
CE L sl toxicity of the sediment as a whole;
sl L OE 3: Ecological analysis (benthic ecology), i.e.
the analysis of the structure of benthic

communities to identify changes at the biological
General structure of the Triad approach e level.
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years to assess sediment quality around the world
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miodule 1=Chefical analysfef"é of Sediments

| START |
For each submitted value 3

Chemical

/ Y \ . Selection of chemical reference values (SQG,
national and international legislations
(1) at:oanct(;l;rl‘ac MSG S\ 5[L.;-!.\.-‘,".7..‘ \: % N “) uu:_#g._g(-": liliel "f)r -

Selection of 115 analytes (with reference values)

(2) if reference value(i) exists —

- ——
measured value(i)

(3) RTR(i) =
® reference value(i)

Calculation of Ratio To Reference (RTR)

o
l Weighting to each RTR in function of the
() RTRu (i) = RTRi) - weight(i) enV|ronmentaI and toxmqlogmal significance of
k | ' the contaminant, according to 105/2008/EC for
the 105 Hazardous substances
l S 100 L9SSL00MN2 2ND2ISUCE. ~
N
(5) ZRTRW(j)RTR(,-)Sl " Calculation of cumulative chemical Hazard
HQ. ==—— + 2 RTRw(K)rrroen Quotient (HQC)
k=1
HQ value Class of chemical hazard
0to<0.7 > Absent
07t0<13 > Negligible Assignment to one of 6 classes of chemical

13t0<2.6 > Slight

(6) 2.6 to <6 - Mode

hazard
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Area name
Latitude
Longitude

Site code

Core code
Core level
Sample code
Sampling code
Sampling date

Chemical HQ

Max % contr to HQ
N* exceeding param.
N*® param with refer.
N*® analysed param.

Class of ‘chemical’ hazard

Chemical HQ

Max % contr to HQ
N*® exceeding param.
N*® param with refer.
N*® analysed param.

Class of ‘chemical' hazard

Chemical characterization

Note

Unit measures to be used:
- Grain size: %
- Heavy metals and trace elements:

mg/Kg (d wt)

|Ramo;\ | : - Organic compounds: mg/Kg (d.wt.)
H2 - Radionuclides: Bg/g (d.wt)
= Concerning ERM, ERL, SL ANZECC 09
| | . and SQHV ANZECC 09 organic
| | compounds have to normalized to 1% of
|03/03/2008 | TOG.
LCB LCB
(Pelite=10%) | | (Pelite<10%) ERL ERM
3 8 13,28911 Chemical HQ
35,10638 | 83,33334 | 83,3333 | 66,66666 | [o || |[5112782 || Mmax % contr to HQ
2 [ |2 || |2 | L || |]o IRIE || N° exceeding param.
s || |ls G || |6 || |6 Il (e || N° param with refer. . HQ Value;
|14 | |14 | 14 | |14 | [ ‘ 14 || N°analysed param.
MAOR Rk - Maximum % contribution given
DMS56/09 sL SQHV Col A ColB 10 HQ by a Single analyte;
PEL (50A) ANZFCE 00 ANZECC 09 | | (Digvo_152/06) | | (Digvo_152/06)
13,27825 [p3397013 | [.555909 | |o,1092271 | | Cchemical HQ _
samess || |[gsazas ||| [seswoes | | | [o ||| oo || | | Max% contrto Ho - n. parameters exceeding the
P Il |2 | [2 ‘ o | ][t | lo | | N= exceeding param. reference’
s | 6 | [ ‘ [ | [ | [ | | N param with refer.
[1a | [a | 14 ‘ [14 | [1a | [1a | | N° anaysed param. . .
[sesent | || [MODERATE | [nBSENT | | Ciass of ‘chemical’ hazard . parameters with a reference’

- n. analyzed parameters;

Record: 4 4 3di9

[ | N

filtro | Cerca

R1¢

- class of chemical hazard
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(2) | Average, std dev, replicates |

o -—n

:: Foreach submitted value M O d u e 2 B I O a

MG — Selectlon e species, trssmﬁrgarrexperrmﬂal

COﬂdItIOﬂS time exposure
E S uh Sk '_;‘f:vﬂ ik

ata accurac
control

(2)

Un 3

sample _mean(i)

= ool el Calculation of Ratio To Reference (RTR)

(3) RTR(i)

Statistical comparison between sample and controlgroups

sample replicates> 3 and sample replicates< 3
control replicates> 3 or control replicates < 3

74

s Correction with regards to statistical significance
Z=02o0r0.50r1
o settable by user s T S W S ;
0.05 0.06 1P e , ; £ SR
l Weighting to each RTR in function of the
. _ sample_mean(i) _ .\ . c 2 1 . ‘g
R e T ) environmental and toxicological significance of the
| contaminant (like Module 1)
Class of hazard
RTRw(i) <1.3 = A Absent .
(6) 13<RTRu(i) <26 > B Slight Assignment of each parameter to one of 5 classes of
2.6 <RTRwl(i) <6.5 = C Moderate ; ; ~
misfiligpie S et 4 chemical hazard (expert judgement) =
RTRw(i) =2 13 - E Severe y

e 3

}

i

D RTRy (M scqrm, <2 : , :

(/RS (P~ s (P Calculation of cumulative Hazard Quotient (HQg,)
n=1

]
Class of hazard hioavailability =
(Yoparamere 5 -1) +(%0param 5. rrreps -3) +(%0param - prrogs - 9) + (Yoparant s rrras - 27) +(%oparanirg.q3 -81)

(8)

Class of hazard for bioavailability
100 Absent

9 1 - g
100to 300 >  Slight i q 0<p<0.05 Assignment of Hazard of bioavalability to one of 5
300to 900 ->  Moderate R gy ) 0.05< b < 0.0
900t0 2700 >  Major 43557 S classes
270008100 >  Severe 0.2-p 0.06< p<1
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Pvodule 2- Modelait put-for bioa hailab'ili'_ty,d@:a-

5] Mas_biodisp_riassuntiva
.-/@ Tab_biodisp riassuntiva
o
Bioavailability
ID: 4509 | | ne param in class 1 (hazard ABSENT)
Area name: ISedlmento industriale I N° param in class 2 (hazard SLIGHT) ; a3
Site code: 1 _
st ;22 | v poram inlss 3 (razra ovesaTe n. of parameters in each of the 5
ampling e:
sample code: |d | MN*® param in class 4 (hazard MAJOR) _ ClaSSQS Of hazal'd
Species: [Arguilla_anguilla | | N° param in class 5 (hazard SEVERE) - cumulative HQ value
Tissue/ organ: 9 || Bioavailability HQ 145,5523 - class of hazard for bioavailability
Experimental condition: r bratory_sediment o | Level of hazard for bioavailability _
Control [ exposed: bsed
Process 1 ‘ ‘ Process 2 ‘

o OO | D Area > Site code -~ Sampling ~ iSa Species - Tissue / orga - Experimenta - Control / expose «
4499 Marina do pontile interno K37 s galloprovincialis Gills Transplanted Reference area
4501 Marina dg pontile interno K37 b oprovincialis Gills Transplanted Investigated are:
4503 sito_cont b K37 Mytilt incialis Gills Transplanted Reference area
| |4505 Marina g pontile interno K37 g Mytilus_gad i Liver dig gland Transplanted Investigated are:

4507 sito_coy d K37 Mytilus_galloprs dig gland Transplanted Reference area
.4509 Sedimg expl K37 d Anguilla_a - :
| |4511 sed_cg K37 Anguilla_a Wlld SpGClme.nS
4513 sediny K37 d S - caged organism
4515 ; et - |aboratory exposure
| |45 ‘ . . Mullus_spp
| |45 Mullus_spp
| |45 Mytilus_gall
| |45 . Mytilus_gall

LRy Mytilus galloprovinciali . o . Mvtilus gall
recrs ARG K . Tapes philippinarumHediste diversicolor




Biomarker
| X od u I e 3 w@a@gl_
For each submitted sample ; -

y — 3
Average, std dev, replicates f  — MA | N TO P | CS — -
(1) . N S 4

Selection of species, blomarker
tissue/organ, experimental condition

Y

ata accurac
control

MSG

()

Calculation of variation (%) vs. control

= VARY%_(i)= (1_ sample mean(i)}1

control mean(i)

| e

(4) Significance calculation and adjustment = Z(i) C_O”_e_Ctlon Wlth regard—s to statistical
significance
inhibition induction o MOE
(5) VAR%_(i)= 0 B 4
% (i ; —VAR% (i . Iculation of effect variation (%) vs. ifi
Effect(i) = - VAR% (i) 26) Effect(i) - o_(i) 20) Calculation of effect variation (%) vs. specific
inhib threshold v induct threshold threshold
Effect(i) / .
‘ L]
K (6) |Ef-fectw (i) = Effect(i).weight(i)| Correction of effect with the specific weight
(7) Validation of minimum requirements
Class of hazard . _ -
Effect(i) <0.7 > A Absent Assignment of Hazard of Biomarker to one of 5
8 0.7 < Effect(i) <1 - B Slight
e 1 <Effect(i) <2 - C Moderate classes
2 <Effect(i) <3 > D Major
3 < Effect(i) - E Severe

l 1/2



odule 3- Biomackem242)

MAIN TOPICS

2 Effect, (F)
J=1

ruan biomark Calculation of HQg,, of Battery of Biomarker

9., =

.

s Q.7+ (Mbiomark, ver ")+ (Mobiomark, . 2" - \-Q\
s -4 1 (%%bi k ;- '
2431 € iomar 4 .

Class of hazard bicamarker Assignment of Hazard of battery of biomarker
< 70 Absent

= 70 to< 100 Slig:t to one of 5 classes

z 100 to < 200 Moderate

= 200 1o < 400 Major

= 400 to < 800 Severe




arkefdata processinge—

-

/ Tab biomarker

7
1D: ‘&5 | Species: ‘Anguilla_anguilla w ‘
: RESULTS
Area name: ‘Marina dorica | Tissue: ‘bile Y. v ‘
Site code: ‘KB? | Experimental_condition: |Transplant‘ v | Weighted n® biomarker
- mean |
Sample code: ‘Al | ClassA [0,2350914  |[10 | .
sampling date: ‘25 02/2008 | =
P o2/ Mean sample ClassB |0 ||0 | 3
Exposure time: ‘4 weeks | st. Dev. sample Class C h
Mote: ‘ | nvalue sample | Class D
P ‘ | Mean contrg 7.72 |
6,24 |
Longitude: ‘ |
& |
u
P Species . Tissue Biomarker t. Dev. s: ~ \nval - |Mean cor ~ |St. Dev.c - | *

Anguilla_anguilla liver_dig gland TOSCA_peroxyl_radicals 91,6 5 277,7 55,43
_Anguilla_anguilla liver_dig glag TOSCA_hydroxyl_radicals 135,17 5 284,09 52,25
_Anguilla_anguilla liver_dig 3,15 5 40,76 16,9

- test-specie selection; 9,55 > 18,76 8,9
_Tissue_selectilon; e 7o classes of hazard: z,ii E 2;342 2,33
< ot Sl S Sl | - cumulative Hazard for biomarkers 2.46 c 772 6,24
Metabolites pyr 3,9 2,06 5 7,27 2,31
Metabolites_BaP 22,14 6 5 24,17 10
Antioxidants_Glutathione_reductase 14,9 2,7 5 18,38 3,24

\E;I‘-lessunfiltro l*;l




START

Foreach submitted sample

y
(1) ata accurac

MSG
control o
yes
@ VAR% (i) =‘1—M _
control mean(i)
(3) Significance calculation and adjustment = Z(i)
() |Effect(i) =vaR® (i) —20) _ _|;_ sample mean(i)| oy Z() :
threshold (i) control mean(|)| threshold (i)
\ (5) |Effect,, (i) = Effect(i) - weight i)
N
HQBATTERY T Z EffEth (k)
(6) L=
N
> Effect,, (k)

(7) |Class of hazard bioassays = HQuurreny _

k=1

N
> weight(k)
k=1

BATTERY

Class of hazard bioassays
<1 = Absent

>1to<2 >  Slight
(8) >2to<4 > Moderate
> Major
>  Severe

> 4to <8

odule 4 E_Qg_‘gys

MAIN.-TOPICS ¢ ===

Selection of species, end-point, matrices

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

AgY
-

.~

Correction with regards to statistical significance

Calculation of effect variation (%) vs. specific
threshold

A

Effect weighting in function of endpoint, threshold
and matrix

Calculation of Hazard Quotient of the battery

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

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

C
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dule 4-Mod€Lout put. for bioassaysdata processmese

Bioassays
ID: ‘25 ‘ Species: ‘BE'EHUU“’P”““E ."| SINGLE BIOASSAY RESULTS
Area name: ‘Fc—ssc— Conocchio ‘ Exposure time: ‘Acute v | Effect percentage
site code: ‘Sponda Nord ‘ Matrix: ilnterstitiﬂl water > | Specific HQ =
sample code: ‘ Al ‘ Endpoint: ‘mc—rtalitv |V| Specific threshold =
Latitude: ‘ ‘ Control mean: BATTERY BIOASRYS RESULTS
Longitude: ‘ ‘ Control Std Dev: n® bioassays I:l
Core code: ‘ ‘ n value control: |:| .
Core level: ‘ | Exposed mean:
sampling code: | Exposed Std Dev:
Sampling date: ‘ n value exposed:
Note: ‘

£

. Fosso Conocchio

- test-specie selection; Balanus_amphit Acute
-Tissue selection: Vibrio_fischeri Acute

Endpoint - Control me

mortality  0,3164557

ediment mortality 100
bioluminesc 100

hlecod - Species - Exposuret-
Balanus_amphit Acute

Area name

—- experimental condition selection Vibrio_fischeri Acute bioluminesc 100
X . Vibrio_fisehesiAcuic ol bioluminesc 0,3355705

e -0 of effect; mortality 100 -n. endpoint;

it - specific HQ; growth 100 - cumulative ’HQ-
Rt - Specitic threshold; growth 100 — Threshold of t;attery;
Dunaliella_tertic Chronic Elutriate growth 100
Vibrio_fischeri |Acute Elutriate bioluminesc 111,8
m

- Class of hazard
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TRIAD-like approach =5 = =

;

Module 2
Bioavailability
of chemicals

Module 3 L

Sublethal effects Module 4
Biomarkers Toxicological
Bioassays




Cupititative HO from Modules I a?

Class ofHQ: Classof HQg® W @lass of HQg,, _Class-of HQgs

from Absent(<0.7%)-to from:Absent (100) to from Absent (70) to “fromAbsent (<2)to~
Severe (>13) Severe (2700-8100) Severe (400-800).. “._ Severe (>8)

normalization normalization normalization normalization

Normalization to 100%

Moderate Major
25 45




\_Modelautputifor th"é WOE-

o st \integration-of.data from-the
mreaname:  [sedmento mdusiriale chemica Ho: . mau |t| p I e LOES —

Site code: ‘expl Bioavailability HQ:  [SEVERE
Biomarker HQ: SEVERE
—

Total HQ: SEVERE

Area name ~ | Site code - Chemical - Bioavailal - Biomarke - |Bioassay | - Total HQ -
Sedimento industriale expl SEVERE MAJOR SEVERE MAJOR SEVERE
Sedimento industriale expl SEVERE SEVERE SEVERE MAJOR SEVERE
(Nuova) R

ig Tab_riassuntiva

. |Fosso Conocchi Chemical HQ: MUODERATE
Chemical HQ P 2 i -

|Fesso Conecchic ility HO: | MAIOR

Blomarker MOz MAJOR

Bicassay H:

Bioassays HQ Bioavailability HQ Total Ha: L

Fosso Conocchio

Biomarkers H - el e
Q Fosso Conocchio Fosso Conocchio MODERATE MODERATE

[Nuawve)

Record: M 4[2diz | b M b | W Nessun il | [Cerea
& Chemical HQ

Biomarkers HQ Bioavailability HQ

s Hessum [0
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Conclusions and perspectives s

The model isiversatile, easy to_update or adapt to 1ocal -or national
specificities |

.

» Modules can be used singularly'er in an integrative approach ~—

\‘,

. M&ed sensibility and capability to discriminate different conditiQ

AR T : : ; . . N
« New modules including, i.e., benthic communities and human health\

« Useful additional tool in a more comprehensive process. of I‘IS
assessment and management decisions






