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FORME AVANZATE DI
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DEPURAZIONE IN UN HUB

INNOVATIVO LOMBARDO



IL NOSTRO ISTITUTO HA IL RUOLO DI 

ORGANISMO DI RICERCA
NEL PARTENARIATO DEL PROGETTO FANGHI

REGIONE LOMBARDIA

PROGRAMMA OPERATIVO REGIONALE 2014-2020
OBIETTIVO “INVESTIMENTI IN FAVORE

DELLA CRESCITA E DELL’OCCUPAZIONE”

(cofinanziato con il FESR)

ASSE PRIORITARIO I – RAFFORZARE LA RICERCA, LO SVILUPPO E L’INNOVAZIONE

Azione I.1.b.1.3 - Sostegno alle attività collaborative di R&S per lo sviluppo di nuove tecnologie sostenibili, di nuovi prodotti e 

servizi

CALL HUB RICERCA E INNOVAZIONE

(in attuazione della D.G.R. N. 727 DEL 5 NOVEMBRE 2018)



La Ricerca per la salvaguardia della Salute Pubblica
e alla prevenzione dalle Malattie





IL DIPARTIMENTO AMBIENTE E SALUTE DELL’ISS 
HA AFFIDATO LA REDAZIONE DELLE VIS PRIORITARIAMENTE AD UN 

GRUPPO DI LAVORO DI QUATTRO REPARTI CHE SI OCCUPANO DI 

QUALITA’ DELLE ACQUE, SUOLI, ARIA, DELL’ESPOSIZIONE AI 

CONTAMINANTI DEGLI ORGANISMI E LORO SALUTE NEGLI ECOSISTEMI, 

MECCANISMI D’AZIONE, BIOMARCATORI E MODELLI, EPIDEMIOLOGIA 

AMBIENTALE E SOCIALE



• L’IMN, nel ruolo di Organismo di Ricerca di FANGHI 

• e l'ISS, nel ruolo di Advisory Board, 

hanno voluto condividere la gestione delle attività scientifiche,

con lo scopo di applicare I CRITERI presenti nelle Linee guida VIS_ISS, relativamente 
alla problematica del DESTINO DEI FANGHI BIOLOGICI CIVILI concordando che è 
necessario approfondire la ricerca per il trattamento, il recupero e il riutilizzo di 

questo rifiuto, mediante un approccio di gestione sostenibile, che includa anche la 
tutela della salute delle persone e la protezione dell’ambiente e dei territori; ed in 

questo caso studio, in particolare ai due scenari applicativi :

• Recupero come ammendante agricolo con spandimento dei FANGHI

• Recupero energetico con termovalorizzazione dei FANGHI

Abbiamo deciso di utilizzare

l’approccio tossicologico ed ecotossicologico

di valutazione degli impatti ambientale e sanitario.



INTERAZIONI MATRICI 
AMBIENTALI-ESPOSIZIONE UOMO



Gruppi di Lavoro

Simone 
Maiorana





Queste attività 
porteranno alla 

formazione di un 

database
che metterà in 

correlazione
composizione 

chimica ed effetti 
tossicologici delle 
matrici abiotiche 

e biotiche 
presenti 

nell’ecosistema;

Con questo approccio, 
pur differenziando

l’ecotossicologia dalla
tossicologia, si intende 

mantenere 
un unico modello tossicologico
dove i diversi livelli si integrano, 

permettendo una 
migliore comprensione e 

verifica del possibile effetto sul 
diverso organismo e/o organo 

bersaglio

Ne scaturirà un Indice Tossicologico
che permetterà di correlare ogni singolo indicatore 

all’effetto tossicologico complessivo



TESTs LETALI E 
SUBLETALI A 

DIVERSI LIVELLI 
TROFICI SU 
ORGANISMI 

MODELLO , UOMO 
E CELLULE UMANE



WP2 - Valorizzazione termica ed energetica 
dei fanghi

WP3 - Valutazione integrata dell’impatto 
ambientale e sanitario

WP4 - Valutazione integrata 

dell’impatto economico e normativo
12

WP1 – Uso di fanghi come ammendanti in 
agricoltura



WP1 - Uso di fanghi come ammendanti 
in agricoltura
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Monitoraggio fanghi da impianti depurazione acque 

con attività sperimentali in laboratorio

Caratterizzazione 

Eco-Tox

tossicologica

Caratterizzazione 

chimica

analisi campioni di fanghi trattati da impianti di depurazione acque 

analisi campioni di terreni agricoli addizionati con fanghi

FANGHI T.Q.



1

10

100

1000

10000

Letame

Fango A

Fango B

WP1 - Uso di fanghi come ammendanti in agricoltura
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Caratterizzazione 

chimica

CRITERI DI SCELTA :
i. PRESENZA IN FANGHI DI DEPURAZIONE

ii. ABBONDANZA E FREQUENZA DI RILEVAZIONE

iii. PROPRIETÀ CHIMICO-FISICHE

iv. POTENZIALI RISCHI PER UOMO ED AMBIENTE (ES. ANTIBIOTICI)

ANTIBIOTICI

ANTIIPERTENSIVI

ANALGESICI

ANTIEPILETTICI/ANTIPERTENSIVI

DIURETICI

ESTROGENI

ANTIMICOTICI

UV-FILTERS

DISINFETTANTI

TENSIOATTIVI/PLASTICIZZANTI

PERFLUORATI

*Fango C

ng/g
SOSTANZE NORMATE  e:



WP1 - Uso di fanghi come ammendanti in agricoltura
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Caratterizzazione

ECO-tossicologica

Lo studio è stato condotto utilizzando la seguente batteria di saggi ecotox:

Fitotest su Lepidium sativum (Crescione)- Sorghum
saccharatum (Sorgo)

Tossicità acuta su Daphnia
magna (Crostaceo)

Inibizione della crescita su 
Pseudochirkneriella subcapitata

(Alga)

Tossicità acuta su Vibrio
fischeri (Batterio)



WP1 - Uso di fanghi come ammendanti in agricoltura
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Caratterizzazione 

Tossicologica

Lo studio è stato condotto utilizzando le seguenti linee cellulari:

- Cellule Caco-2 (linea di cellule epiteliali di adenocarcinoma colonrettale umano)

- Cellule HepG2 (linea di cellule epiteliali di carcinoma epatico umano)



WP1 - Uso di fanghi come ammendanti in agricoltura
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TERRENI AGRICOLI

ENTRO I LIMITI CSC  

TERRENI AGRICOLI



WP2 - Valorizzazione termica 
ed energetica di fanghi
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Monitoraggio fanghi e EmissionImmissioni Aeriformi

Caratterizzazione 

tossicologica

ECO-TOX

Caratterizzazione 

chimica

Analisi sull’aeriforme e condensato derivanti dalle emissioni di termovalorizzatori

Attività di CoCombustione
CSS + FANGO pellettizzato

2% 30% 60%

Attività di MonoCombustione
FANGO T.Q. (20% H2O e  80% H2O) 
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WP2 - Valorizzazione termica ed energetica di fanghi

Caratterizzazione

CHIMICA e ECO-TOX

SOLO 
SPERIMENTAZIONE 

SULLA QUALITA’ 
DELL’ARIA 
IMPIANTO 

CORTEOLONA



WP2 - Valorizzazione termica ed 
energetica di fanghi
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WP1 - Uso di fanghi come 
ammendanti in agricoltura

FANGHI T.Q.

TERRENI

AGRICOLI + 

FANGHI

EMISSIONI

EFFETTI AVVERSI DEBOLI O ASSENTI ANCHE

UTILIZZANDO IL TAL QUALE

EFFETTI AVVERSI DEBOLI O ASSENTI ANCHE IN

FORMA DI ELUTRIATO

CRITICITÀ ED ELEVATE TOSSICITÀ SU TUTTI GLI

ORGANISMI TESTATI

Apis mellifera

Danio rerio embryo
Caenorhabditis elegans

CONDENSE

Caratterizzazione 

CHIMICA e ECO-TOX

IMMISSIONI

EFFETTI SUBLETALI



WP3 - Valutazione integrata dell’impatto 
ambientale e sanitario
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-Elaborazioni computazionali in silico delle miscele di inquinanti nei fanghi e suoi elutriati 

-Modellizzazione della diffusione/dispersione di inquinanti nel suolo/sottosuolo della Val Padana 

Modellizzazioni computazionali



DATABASE DELLE PROPRIETA’ CHIMICHE FISICHE 
TOSSICOLOGICHE E RIFERIMENTI NORMATIVI/LEGISLATIVI

E’ STATO FORMATO UN DATABASE CHE VUOLE DISPORRE DI TUTTE QUELLE 
INFORMAZIONI NECESSARIE SIA PER ELABORAZIONI COMPUTAZIONALI 

MODELLISTICHE (Hazard/Exposure) CHE PER VALUTAZIONI PIU’ O MENO 
SINTETICHE DI QUALITA’ E RISCHIO (INDICI)

PER ORA IL DATABASE VALUTA «SOLAMENTE»  SOSTANZE CHIMICHE SCELTE 
SULLA BASE DELLE NORMATIVE VIGENTI E SULLA CONSTATAZIONE CHE SIANO 
MICROINQUINANTI FRA I PIU’ DIFFUSI NELL’AMBIENTE (IPA-PCB-PCDD-PCDF-

CLOROFENOLI-FITOFARMACI-FARMACI-BROMODIFENILI-PERFLUORURATI-
METALLI…..)

MA quante sostanze chimiche esistono?

L'Inventario europeo delle sostanze chimiche esistenti comprende oltre 

100.000 composti.

E’ EVIDENTE QUINDI CHE E’ CERTAMENTE NECESSARIO

POTENZIARE CONTINUATIVAMENTE (COMPATIBILMENTE CON LE 

CONOSCENZE SCIENTIFICHE) IL DATABASE DI RIFERIMENTO



IPAs

Acenaftilene

Naftalene

Perilene

Acenaphthene

Anthracene

Benz-a-anthracene

Benzo-a-pyrene

Benzo-e-pyrene

Benzo-b-fluoranthene

benzo-j-fluoranthene

Benzo-k-fluoranthene

Benzo-g,h,i-perylene

Chrysene

Dibenzo(a,e)pyrene

Dibenzo(a,i)pyrene

Dibenzo(a,l)pyrene

Dibenzo(a,h)pyrene

Dibenz-a,h-anthracene

Fenanthrene

Fluoranthene

Fluorene

Indeno-1,2,3-cd-pyrene

Pyrene

PCBs
PCB totali (HIGH RISK)

PCDD/PCDF+PCB DL
PCDD/F+ PCB Dioxin-like

PCDD-PCDF

2,3,7,8-TCDD

2,3,7,8-TCDF

1,2,3,7,8-Pentachlorodibenzo-p-dioxin

1,2,3,7,8-Pentabromodibenzo[b,d]furan

1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin

2,3,4,7,8-Pentachlorodibenzofuran

1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin

1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin

1,2,3,4,7,8-Hexabromodibenzofuran

1,2,3,6,7,8-Hexabromodibenzofuran

2,3,4,6,7,8-Hexabromodibenzo[b,d]furan

1,2,3,7,8,9-Hexabromodibenzo[b,d]furan

1,2,3,4,6,7,8-Heptachlorodibenzo[b,d]furan

1,2,3,4,7,8,9-Heptachlorodibenzofuran

1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin

1,2,3,4,6,7,8,9-Octachlorodibenzo-p-dioxin

Octachlorodibenzofuran

CLOROFENOLI

2,4,4'-Trichlorobiphenyl

2,2',5,5'-Tetrachlorobiphenyl

2,2',3,5',6-Pentachlorobiphenyl

2,2',4,5,5'-Pentachlorobiphenyl

2,2',4,4',5-Pentachlorobiphenyl

2,3,3',4',6-Pentachlorobiphenyl

2,2',3,5,5',6-Hexachlorobiphenyl

2,2',3,4',5,5'-Hexachlorobiphenyl

2,2',3,4',5',6-Hexachlorobiphenyl

2,2',4,4',5,5'-Hexachlorobiphenyl

2,2',3,4,4',5'-Hexachlorobiphenyl

2,2',3,3',4,4'-Hexachlorobiphenyl

2,2',3,4,4',5',6-Heptachlorobiphenyl

2,2',3,4',5,5',6-Heptachlorobiphenyl

2,2',3,3',4,5',6'-Heptachlorobiphenyl

2,2',3,4,4',5,5'-Heptachlorobiphenyl

2,2',3,3',4,4',5-Heptachlorobiphenyl

3,4,4',5-Tetrachlorobiphenyl

3,3',4,4'-Tetrachlorobiphenyl

2,3',4,4',5'-Pentachlorobiphenyl

2,3',4,4',5-Pentachlorobiphenyl

2,3,4,4',5-Pentachlorobiphenyl

2,3,3',4,4'-Pentachlorobiphenyl

3,3',4,4',5-Pentachlorobiphenyl

2,3',4,4',5,5'-Hexachlorobiphenyl

2,3,3',4,4',5-Hexachlorobiphenyl

2,3,3',4,4',5'-Hexachlorobiphenyl

3,3',4,4',5,5'-Hexachlorobiphenyl

2,3,3',4,4',5,5'-Heptachlorobiphenyl

PESTICIDI

Pentachlorobenzene

Hexachlorobenzene

Hexachlorocyclohexane (LINDANO)

Heptachlor

Aldrin

Heptachlorepoxide

Chlordane

Endrin

Cipermetrin

DDD

DDE

DDT

Dieldrin

Endosulfan beta

Mirex

cis-Nonachlor

trans-nonachlor

Oxychlordane

op DDE

op DDD

op DDT

Diazinon

FARMACI

Ciprofloxacin

Levofloxacin

Clarithromycin

Ivermectin

Vancomycin

Avapro

Valsartan

Diclofenac

Ibuprofen

Carbamazepine

Hydrochlorothiazide

Estrone

Progesterone

Ketoconazole

Clotrimazole

BROMODIFENILI

2,4-Dibromo-1-phenoxybenzene

4,4'-Dibromodiphenyl ether

2,2',4-Tribromodiphenyl ether

2,4,4'-Tribromodiphenyl ether

2,2',4,5'-Tetrabromodiphenyl Ether

2,3',4',6-Tetrabromodiphenyl Ether

2,2',4,4'-Tetrabromodiphenyl ether

2,3',4,4'-Tetrabromodiphenyl ether

BDE-77

2,2',4,4',6-Pentabromodiphenyl ether

2,3',4,4',6-Pentabromodiphenyl Ether

2,2',4,4',5-Pentabromodiphenyl ether

2,2',3,4,4'-Pentabromodiphenyl ether

1,2,3,4-Tetrabromo-5-(3,4-dibromophenoxy)benzene

2,2',4,4',5,6'-Hexabromodiphenyl ether

2,2',4,4',5,5'-Hexabromodiphenyl ether

2,2',3,4,4',5'-Hexabromodiphenyl Ether

1,2,3,4-Tetrabromo-5-(3,4-dibromophenoxy)benzene

Benzene, 1,2,3,5-tetrabromo-4-(2,4,6-tribromophenoxy)-

2,2',3,4,4',5',6-Heptabromodiphenyl ether

1,2,3,5-Tetrabromo-4-(3,4,5-tribromophenoxy)benzene

BDE-197

BDE-196

BDE-207

Nonabromodiphenyl ether

2,2',3,4,4',5',6-Heptabromodiphenyl ether

1,1'-Oxybis(pentabromobenzene) BDE 209

PERFLUORURATI

PFOA

PFOS

Perfluoro-n-hexadecanoic acid PFHxDA

Perfluoro-n-octadecanoic acid PFODA

Potassium perfluoro-1-butanesulfonate L-PFBS

Sodium perfluoro-1-pentanesulfonate L-PFPeS

Sodium perfluoro-1-hexanesulfonate L-PFHxS

Sodium perfluoro-1-heptanesulfonate L-PFHpS

Sodium perfluoro-1-nonanesulfonate L-PFNS

Sodium perfluoro-1-decanesulfonate L-PFDS

Sodium perfluoro-1-dodecanesulfonate L-PFDoS

Heptafluorobutyric acid

Perfluorobutanesulfonic acid

Perfluorocapric acid

perfluorolauric acid

Perfluoroheptanoic acid

Perfluorohexanoic acid

Perfluorononanoic acid

Nonafluoro-1-pentanoic acid

perfluoroundecanoicacid

Perfluorotridecanoic acid

Perfluorotetradecanoic acid

METALLI

Co

V

Ni

Cr 

Sn

As

Pb

Cu

Mn 

Cd

Sb

Tl

Be

Se

Ti

DATABASE ESEMPIO DI SOSTANZE CHIMICHE ANALIZZATE

Ns Database ha circa 300 sostanze chimiche



WP3 - Valutazione integrata dell’impatto 
ambientale e sanitario

24

Modellizzazioni computazionali



DATABASE ESEMPIO DI CARATTERISTICHE CHIMICO-FISICHE-TOSSICOLOGICHE

CAS_NO SMILES

Peso 
molecolare  
(g mol-1) 

Lewis et al, 
(2016), 

doi.org/10.10
80/10807039.
2015.1133242 

Peso 
molecolare  
(g mol-1)

Tensione di 
vapore 
saturo 

(mmHg) 
Lewis et al, 

(2016), 
doi.org/10.10
80/10807039.
2015.1133242 

Tensione di 
vapore 
saturo 

(mmHg)

Tensione di 
vapore 
saturo 

(mmHg)
Experimental

Tensione di 
vapore 
saturo 

(mmHg)
Predicted

logVP pred

Solubilità in 
acqua (mg L-
1) Lewis et al, 

(2016), 
doi.org/10.10
80/10807039.
2015.1133242 

Solubility in 
water mol/L

Solubilità in 
acqua (mg L-

1)

Solubility in 
water mg/L

Experimental
EPISUITE TM 
dataset (US 

EPA, EPI 
Suite, 

Version 4,0, 
US EPA, 
2019)

Solubility in 
water  [-

log(mol/L)]
Experimental
EPISUITE TM 
dataset (US 

EPA, EPI 
Suite, 

Version 4,0, 
US EPA, 
2019)

Solubility in 
water mol/L 

??

Solubility in 
water mg/L
Predicted

Solubility in 
water [-

log(mol/L)]
Predicted

Solubility in 
water mg/L
Assessment

logWS pred 
(OPERA)

log KOC KOC (L kg-1)

KOC Lewis et 
al, (2016), 

doi.org/10.10
80/10807039.
2015.1133242 

KOC model 
(OPERA)

Experimental 
(L/Kg)

Source: 
http://esc,syr
res,com/inter
kow/EpiSuite

Data,htm

KOC model 
(OPERA)

Experimental 
[log(L/Kg)]

Source: 
http://esc,syr
res,com/inter
kow/EpiSuite

Data,htm

KOC model 
(OPERA)

Predicted 
(L/Kg)

KOC model 
(OPERA)

Predicted 
[log(L/Kg)]

KOC model 
(OPERA)

Assessment

LogKoc pred 
(OPERA)

Kom (L kg-1) 
Lewis et al, 

(2016), 
doi.org/10.10
80/10807039.
2015.1133242 

Kf (L kg-1) 
Lewis et al, 

(2016), 
doi.org/10.10
80/10807039.
2015.1133242 

Log Kow

LogP model 
(Meylan-
Kowwin)

Experimental
Source: EPI 

Suite 
KowWin 
module

LogP model 
(Meylan-
Kowwin)
Predicted

LogP model 
(Meylan-
Kowwin)

Assessment

LogP model 
(MLogP)

Experimental
Source: EPI 

Suite 
KowWin 
module

LogP model 
(MLogP)

Predicted

LogP model 
(MLogP)

Assessment

LogP model 
(ALogP)

Experimental
Source: EPI 

Suite 
KowWin 
module

LogP model 
(ALogP)

Predicted

LogP model 
(ALogP)

Assessment

logP pred 
(OPERA)

Hydrolysis 
(IRFMN-
CORAL)

Experimental 
(days)

Source: 
Toropova et 

al, (2021)
doi: 

10,1080/1062
936X,2021,19

14156

Hydrolysis 
(IRFMN-
CORAL)

Experimental 
[log(days)]

Source: 
Toropova et 

al, (2021)
doi: 

10,1080/1062
936X,2021,19

14156

Hydrolysis 
(IRFMN-
CORAL)

Predicted 
(days)

Hydrolysis 
(IRFMN-
CORAL)

Predicted 
[log(days)]

Hydrolysis 
(IRFMN-
CORAL)

Assessment

Henry's Law 
model 

(OPERA)
Experimental 

[Log atm-
m3/mole]

Source: The 
data were 

downloaded 
from OPERA 
software tool
https://cfpub
,epa,gov/si/si
_public_reco
rd_report,cf
m?Lab=NCCT
&dirEntryId=

340233

Henry's Law 
model 

(OPERA)
Predicted 
[Log atm-
m3/mole]

Henry's Law 
model 

(OPERA)
Assessment

KOA model 
(OPERA)

Experimental 
[log units]

Source: The 
experimental 

data were 
downloaded 
from the EPI 

Suite data 
webpage(htt
p://esc,syrres
,com/interko
w/EpiSuiteDa

ta,htm), 

KOA model 
(OPERA)

Predicted 
[log units]

KOA model 
(OPERA)

Asssessment

CARATTERISTICHE FISICHE

Mutagenici
ty (Ames 

test) model 
(CAESAR) 
(version 
2,1,13)  

Experiment
al

Source: 
Kazius et al, 

(2005), 
10,1021/jm

040835a 

Mutagenici
ty (Ames 

test) model 
(CAESAR) 
(version 
2,1,13) 

Predicted 

Mutagenici
ty (Ames 

test) model 
(CAESAR) 
(version 
2,1,13)  

Assessment

Mutagenici
ty (Ames 

test) model 
(SarPy/IRF

MN) 
(version 

1,0,7)
Experiment

al
Source: 

Kazius et al, 
(2005), 

10,1021/jm
040835a 

Mutagenici
ty (Ames 

test) model 
(SarPy/IRF

MN) 
(version 

1,0,7)
Predicted

Mutagenici
ty (Ames 

test) model 
(SarPy/IRF

MN) 
(version 

1,0,7)
Assessment

Mutagenici
ty (Ames 

test) model 
(ISS) 

(version 
1,0,2)

Experiment
al

Source: 
Benigni et 
al, (2008),

PMID: 
18469376

Mutagenici
ty (Ames 

test) model 
(ISS) 

(version 
1,0,2)

Predicted

Mutagenici
ty (Ames 

test) model 
(ISS) 

(version 
1,0,2)

Assessment

Mutagenici
ty (Ames 

test) model 
(KNN/Read

-Across) 
(version 

1,0,0)
Experiment

al
Sources: 
Japan’s 
Health 

Ministry 
(data 

produced 
within the 

Ames QSAR 
project 

organized 
by National 
Institute of 

Health 
Sciences of 

Japan); 
Hansen et 
al, (2009) 

https://doi,
org/10,102
1/ci900161

g

Mutagenici
ty (Ames 

test) model 
(KNN/Read

-Across) 
(version 

1,0,0)
Predicted

Mutagenici
ty (Ames 

test) model 
(KNN/Read

-Across) 
(version 

1,0,0)
Assessment

Mutagenici
ty (Ames 

test) 
CONSENSU

S model 
(version 

1,0,3)
Predicted

Mutagenici
ty (Ames 

test) 
CONSENSU

S model 
(version 

1,0,3)
Assessment

Chromoso
mal 

aberration 
model 

(CORAL) 
(version 

1,0,0)
Experiment

al
Sources: 

OASIS 
Database 

(http://oasi
s-

lmc,org/pr
oducts/dat

abases/
rat-liver-

metabolism
-

extended,a
spx) and 

the Toxicity 
Japan

MHLW 
(http://dra
4,nihs,go,jp
/mhlw_dat
a/jsp/Searc
hPageENG,j

sp)

Chromoso
mal 

aberration 
model 

(CORAL) 
(version 

1,0,0)
Predicted

Chromoso
mal 

aberration 
model 

(CORAL) 
(version 

1,0,0)
Assessment

In vitro 
Micronucle
us activity 

(IRFMN/Ver
meer) 

(version 
1,0,0)

Experiment
al

Source: 
Baderna et 
al, (2019)

https://doi,
org/10,101
6/j,jhazmat,
2019,12163

8 

In vitro 
Micronucle
us activity 

(IRFMN/Ver
meer) 

(version 
1,0,0)

Predicted

In vitro 
Micronucle
us activity 

(IRFMN/Ver
meer) 

(version 
1,0,0)

Assessment

In vivo 
Micronucle
us activity 
(IRFMN) 
(version 

1,0,0)
Experiment

al
Source: Van 
Bossuyt et 
al, (2020) 

DOI: 
10,1016/j,t
oxlet,2020,

04,016 

In vivo 
Micronucle
us activity 
(IRFMN) 
(version 

1,0,0)
Predicted 

In vivo 
Micronucle
us activity 
(IRFMN) 
(version 

1,0,0)
Assessment

Carcinogeni
city model 
(CAESAR) 
(version 

2,1,9)
Experiment

al
Source: 

Carcinogeni
c Potency 
Database 

(CPDB)

Carcinogeni
city model 
(CAESAR) 
(version 

2,1,9)
Predicted

Carcinogeni
city model 
(CAESAR) 
(version 

2,1,9)
Assessment

Carcinogeni
city model 

(ISS) 
(version 

1,0,2)
Experiment

al
Source: 
ISSCAN 

database
Benigni R,, 
Cecilia B,, 
ISSCAN: 
Istituto 

Superiore 
di Sanita, 

"CHEMICAL 
CARCINOGE

NS: 
STRUCTURE

S AND 
EXPERIMEN
TAL DATA",
https://w3,
iss,it/site/B
ancaDatiCa
ncerogeni/
http://toxt
ree,sourcef
orge,net/ca

rc,html

Carcinogeni
city model 

(ISS) 
(version 

1,0,2)
Predicted

Carcinogeni
city model 

(ISS) 
(version 

1,0,2)
Assessment

Carcinogeni
city model 
(IRFMN/An

tares) 
(version 

1,0,0)
Experiment

al
Source: 

ANTARES 
Database

Golbamaki 
et al, 

(2016), doi: 
10,1080/10
590501,201
6,1166879

Carcinogeni
city model 
(IRFMN/An

tares) 
(version 

1,0,0)
Predicted

Carcinogeni
city model 
(IRFMN/An

tares) 
(version 

1,0,0)
Assessment

Carcinogeni
city model 
(IRFMN/ISS
CAN-CGX) 
(version 

1,0,0)
Experiment

al
ISSCAN and 

CGX 
Database

Golbamaki 
et al, 

(2016), doi: 
10,1080/10
590501,201
6,1166879

Carcinogeni
city model 
(IRFMN/ISS
CAN-CGX) 
(version 

1,0,0)
Predicted

Carcinogeni
city model 
(IRFMN/ISS
CAN-CGX) 
(version 

1,0,0)
Assessment

Carcinogeni
city oral 

classificatio
n model 
(IRFMN) 
(version 

1,0,0)
Experiment

al
Source: 

RAIS 
Database

https://rais
,ornl,gov

Carcinogeni
city oral 

classificatio
n model 
(IRFMN) 
(version 

1,0,0)
Predicted

Carcinogeni
city oral 

classificatio
n model 
(IRFMN) 
(version 

1,0,0)
Assessment

Carcinogeni
city oral 

Slope 
Factor 
model 

(IRFMN) 
(version 

1,0,0)
Experiment

al 
[log(1/(mg/

kg-day))]
Source: 

RAIS 
Database

https://rais
,ornl,gov

Carcinogeni
city oral 

Slope 
Factor 
model 

(IRFMN) 
(version 

1,0,0)
Experiment

al 
(1/(mg/kg-

day))
Source: 

RAIS 
Database

https://rais
,ornl,gov

Carcinogeni
city oral 

Slope 
Factor 
model 

(IRFMN) 
(version 

1,0,0)
Predicted 

[log(1/(mg/
kg-day))]

Carcinogeni
city oral 

Slope 
Factor 
model 

(IRFMN) 
(version 

1,0,0)
Predicted 

(1/(mg/kg-
day))

Carcinogeni
city oral 

Slope 
Factor 
model 

(IRFMN) 
(version 

1,0,0)
Assessment

Carcinogeni
city

inhalation
classificatio

n model 
(IRFMN) 
(version

1,0,0)
Experiment

al
Source: 

RAIS 
Database

https://rais
,ornl,gov

Carcinogeni
city 

inhalation 
classificatio

n model 
(IRFMN) 
(version 

1,0,0)
Predicted

Carcinogeni
city 

inhalation 
classificatio

n model 
(IRFMN) 
(version 

1,0,0)
Assessment

Carcinogeni
city 

inhalation 
Slope 
Factor 
model 

(IRFMN) 
(version 

1,0,0)
Experiment

al 
[log(1/(mg/

kg-day))]
Source: 

RAIS 
Database

https://rais
,ornl,gov

Carcinogeni
city 

inhalation 
Slope 
Factor 
model 

(IRFMN) 
(version 

1,0,0)
Experiment

al 
(1/(mg/kg-

day))
Source: 

RAIS 
Database

https://rais
,ornl,gov

Carcinogeni
city 

inhalation 
Slope 
Factor 
model 

(IRFMN) 
(version 

1,0,0)
Predicted 

[log(1/(mg/
kg-day))]

Carcinogeni
city 

inhalation 
Slope 
Factor 
model 

(IRFMN) 
(version 

1,0,0)
Predicted 

(1/(mg/kg-
day))

Carcinogeni
city 

inhalation 
Slope 
Factor 
model 

(IRFMN) 
(version 

1,0,0)
Assessment

JANUS 
Carcinogeni

city
Assessemen

t

JANUS 
Carcinogeni

city
Numerical 

value

Developme
ntal 

Toxicity 
model 

(CAESAR) 
(version 

2,1,7)
Experiment

al
Source: 

Cassano et 
al, (2010)

https://doi,
org/10,118

6/1752-
153X-4-S1-

S4

Developme
ntal 

Toxicity 
model 

(CAESAR) 
(version 

2,1,7)
Predicted

Developme
ntal 

Toxicity 
model 

(CAESAR) 
(version 

2,1,7)
Assessment

Developme
ntal/Repro

ductive 
Toxicity 

library (PG) 
(version 

1,1,0)
Experiment

al 
Source: Wu 
et al, (2013)
https://doi,
org/10,102
1/tx400226

u 

Developme
ntal/Repro

ductive 
Toxicity 

library (PG) 
(version 

1,1,0)
Predicted

Developme
ntal/Repro

ductive 
Toxicity 

library (PG) 
(version 

1,1,0)
Assessment

JANUS 
Developme
ntal/Reprot

oxicity
Assessment

CARATTERISTICHE TOSSICOLOGICHE

Estrogen 
Receptor 
Relative 
Binding 
Affinity 
model 

(IRFMN) 
(version 

1,0,1)
Experime

ntal
Source: 

Roncaglio
ni et al, 
(2008) 

https://w
ww,tandf
online,co
m/doi/ab
s/10,1080
/1062936
08025506

06
Ministry 

of 
Envirome
nt (Japan) 
https://w
ww,env,g
o,jp/en/c
hemi/ed/
approach/
2002,html

Estrogen 
Receptor 
Relative 
Binding 
Affinity 
model 

(IRFMN) 
(version 

1,0,1)
Predicted

Estrogen 
Receptor 
Relative 
Binding 
Affinity 
model 

(IRFMN) 
(version 

1,0,1)
Assessme

nt

Estrogen 
Receptor-
mediated 

effect 
(IRFMN/C

ERAPP) 
(version 

1,0,0)
Experime

ntal
Source: 

Mansouri 
et al, 

(2016)
https://do
i,org/10,1
289/ehp,1

510267 

Estrogen 
Receptor-
mediated 

effect 
(IRFMN/C

ERAPP) 
(version 

1,0,0)
Predicted

Estrogen 
Receptor-
mediated 

effect 
(IRFMN/C

ERAPP) 
(version 

1,0,0)
Assessme

nt

Androgen 
Receptor-
mediated 

effect 
(IRFMN/C
OMPARA) 
(version 

1,0,0)
Experime

ntal
Source: 

Manganel
li et al, 
(2019) 

https://do
i,org/10,1
016/j,che
mosphere
,2018,12,1

31
open free 

library 
ToxCast/T
ox21(http
s://www,
epa,gov/c
hemical-

research/
exploring-
toxcast-

data-
download
able-data)

Androgen 
Receptor-
mediated 

effect 
(IRFMN/C
OMPARA) 
(version 

1,0,0)
Predicted

Androgen 
Receptor-
mediated 

effect 
(IRFMN/C
OMPARA) 
(version 

1,0,0)
Assessme

nt

Thyroid 
Receptor 

Alpha 
effect 

(NRMEA) 
(version 

1,0,0)
Experime

ntal
Source: 

Tan et al, 
(2020) 
DOI: 

10,1021/a
cs,est,0c0

2639
Chemical 

data were 
collected 
from two 
open free 
libraries, 
including 
ToxCast/T

ox21 
(https://w
ww,epa,g
ov/chemic

al-
research/t

oxcast-
dashboar

d) and 
ChEMBL 

(https://w
ww,ebi,ac
,uk/chem

bl/),

Thyroid 
Receptor 

Alpha 
effect 

(NRMEA) 
(version 

1,0,0)
Predicted

Thyroid 
Receptor 

Alpha 
effect 

(NRMEA) 
(version 

1,0,0)
Assessme

nt

Thyroid 
Receptor 

Beta 
effect 

(NRMEA) 
(version 

1,0,0)
Experime

ntal
Source: 

Tan et al, 
(2020) 
DOI: 

10,1021/a
cs,est,0c0

2639
Chemical 

data were 
collected 
from two 
open free 
libraries, 
including 
ToxCast/T

ox21 
(https://w
ww,epa,g
ov/chemic

al-
research/t

oxcast-
dashboar

d) and 
ChEMBL 

(https://w
ww,ebi,ac
,uk/chem

bl/),

Thyroid 
Receptor 

Beta 
effect 

(NRMEA) 
(version 

1,0,0)
Predicted

Thyroid 
Receptor 

Beta 
effect 

(NRMEA) 
(version 

1,0,0)
Assessme

nt

Aromatas
e activity 

model 
(IRFMN) 
(version 

1,0,0)
Experime

ntal
Source: 

Chayawan 
et al, 

(2020) 
https://do
i,org/10,3
390/mole
cules2503

0739
Tox21 
library 

considerin
g only 

Tox21_Ar
omatase_I
nhibition

Aromatas
e activity 

model 
(IRFMN) 
(version 

1,0,0)
Predicted

Aromatas
e activity 

model 
(IRFMN) 
(version 

1,0,0)
Assessme

nt

JANUS ED
Assessme

nt

Endocrine 
disruptor 

(ED)

ED 
Recettore

Fonte

Hepatotox
icity 

model 
(IRFMN) 
(version 

1,0,0)
Experime

ntal
Source: 
Pizzo et 

al, (2016) 
https://do
i,org/10,3
389/fphar
,2016,004

42

Hepatotox
icity 

model 
(IRFMN) 
(version 

1,0,0)
Predicted

Hepatotox
icity 

model 
(IRFMN) 
(version 

1,0,0)
Assessme

nt

NOAEL 
(IRFMN/C

ORAL) 
(version 

1,0,0)
Experime

ntal 
(mg/kg 
bw/d)

Source: 
Toropov 

et al, 
(2015) 

https://lin
k,springer
,com/artic
le/10,100
7/s11030-
015-9587-

1

NOAEL 
(IRFMN/C

ORAL) 
(version 

1,0,0)
Experime

ntal -
log(mg/kg 

bw/d)
Source: 
Toropov 

et al, 
(2015) 

https://lin
k,springer
,com/artic
le/10,100
7/s11030-
015-9587-

2

NOAEL 
(IRFMN/C

ORAL) 
(version 

1,0,0)
Predicted 

(mg/kg 
bw/d)

NOAEL 
(IRFMN/C

ORAL) 
(version 

1,0,0)
Predicted 

-
log(mg/kg 

bw/d)

NOAEL 
(IRFMN/C

ORAL) 
(version 

1,0,0)
Assessme

nt

Liver 
NOAEL 

(CORAL) -
ver, 1,0,1
Experime

ntal 
[log(mg/k

g bw)]
Source: 

Selvestrel 
et al,

Liver 
NOAEL 

(CORAL) -
ver, 1,0,1
Experime

ntal 
(mg/kg 

bw)
Source: 

Selvestrel 
et al,

Liver 
NOAEL 

(CORAL) -
ver, 1,0,1
Predicted 
[log(mg/k

g bw)]

Liver 
NOAEL 

(CORAL) -
ver, 1,0,1
Predicted 

(mg/kg 
bw)

Liver 
NOAEL 

(CORAL) -
ver, 1,0,1
Assessme

nt

Liver 
LOAEL 

(CORAL) -
ver, 1,0,1
Experime

ntal 
[log(mg/k

g bw)]
Source: 

Selvestrel 
et al,

Liver 
LOAEL 

(CORAL) -
ver, 1,0,1
Experime

ntal 
(mg/kg 

bw)
Source: 

Selvestrel 
et al,

Liver 
LOAEL 

(CORAL) -
ver, 1,0,1
Predicted 
[log(mg/k

g bw)]

Liver 
LOAEL 

(CORAL) -
ver, 1,0,1
Predicted 

(mg/kg 
bw)

Liver 
LOAEL 

(CORAL) -
ver, 1,0,1
Assessme

nt

Cramer 
classificati

on 
(TOXTREE) 

(version 
1,0,0)

Assessme
nt

Acute 
Toxicity 
(LD50) 
model 
(KNN) 

(version 
1,0,0)

Experime
ntal 

(mg/Kg)

Acute 
Toxicity 
(LD50) 
model 
(KNN) 

(version 
1,0,0)

Experime
ntal 

[log(mmol
/Kg)]

Acute 
Toxicity 
(LD50) 
model 
(KNN) 

(version 
1,0,0)

Predicted 
(mg/kg)

Acute 
Toxicity 
(LD50) 
model 
(KNN) 

(version 
1,0,0)

Predicted 
[log(mmol

/Kg)]

Acute 
Toxicity 
(LD50) 
model 
(KNN) 

(version 
1,0,0)

Assessme
nt

RECETTORI TARGHET LIVELLI DI TOSSICITA' NOAEL LD50



DATABASE ESEMPIO DI CARATTERISTICHE CHIMICO-FISICHE-TOSSICOLOGICHE

BCF model 
(CAESAR) 
(version 
2,1,14)

Experimental 
[log(L/kg)]

Source: Zhao 
et al, (2008) 

doi:10,1016/j,
chemosphere,
2008,09,033 

BCF model 
(CAESAR) 
(version 
2,1,14)

Experimental 
(L/kg)

Source: 
Source: Zhao 
et al, (2008) 

doi:10,1016/j,
chemosphere,
2008,09,033 

BCF model 
(CAESAR) 
(version 
2,1,14)

Predicted 
[log(L/kg)]

BCF model 
(CAESAR) 
(version 
2,1,14)

Predicted 
(L/kg)

BCF model 
(CAESAR) 
(version 
2,1,14)

Assessment 

BCF model 
(Meylan) 
(version 

1,0,3)
Experimental 

[log(L/kg)]
Source: 

Meylan et al, 
(1999) 

https://doi,or
g/10,1002/etc
,5620180412

U,S, EPA's 
online 

AQUIRE 
Database

BCF model 
(Meylan) 
(version 

1,0,3)
Experimental 

(L/kg)
Source: 
Source: 

Meylan et al, 
(1999) 

https://doi,or
g/10,1002/etc
,5620180412

U,S, EPA's 
online 

AQUIRE 
Database

BCF model 
(Meylan) 
(version 

1,0,3)
Predicted 
[log(L/kg)]

BCF model 
(Meylan) 
(version 

1,0,3)
Predicted 

(L/kg)

BCF model 
(Meylan) 
(version 

1,0,3)
Assessment

BCF model 
(Arnot-
Gobas) 

(version 
1,0,0)

Experimental 
[log(L/kg)]

Source: Arnot 
et al,(2003)

https://doi,or
g/10,1002/qs
ar,200390023

BCF model 
(Arnot-
Gobas) 

(version 
1,0,0)

Experimental 
(L/kg)

Source: Arnot 
et al,(2003)

https://doi,or
g/10,1002/qs
ar,200390023

BCF model 
(Arnot-
Gobas) 

(version 
1,0,0)

Predicted BCF 
(up) 

[log(L/kg)]

BCF model 
(Arnot-
Gobas) 

(version 
1,0,0)

Predicted BCF 
(up) [L/kg]

BCF model 
(Arnot-
Gobas) 

(version 
1,0,0)

Predicted BCF 
(low) 

[log(L/kg)]

BCF model 
(Arnot-
Gobas) 

(version 
1,0,0)

Predicted BCF 
(low) [L/kg]

BCF model 
(Arnot-
Gobas) 

(version 
1,0,0)

Predicted BCF 
(mid) 

[log(L/kg)]

BCF model 
(Arnot-
Gobas) 

(version 
1,0,0)

Predicted BCF 
(mid) [L/kg]

BCF model 
(Arnot-
Gobas) 

(version 
1,0,0)

Assessment

BCF model 
(KNN-Read-

Across) 
(version 

1,1,0)
Experimental 

[log(L/kg)]
Source: 

Manganaro et 
al, (2016) 

http://dx,doi,
org/10,1016/j
,chemosphere
,2015,10,054

BCF model 
(KNN-Read-

Across) 
(version 

1,1,0)
Experimental 

(L/kg)
Source: 
Source: 

Manganaro et 
al, (2016) 

http://dx,doi,
org/10,1016/j
,chemosphere
,2015,10,054

BCF model 
(KNN-Read-

Across) 
(version 

1,1,0)
Predicted 
[log(L/kg)]

BCF model 
(KNN-Read-

Across) 
(version 

1,1,0)
Predicted 

(L/kg)

BCF model 
(KNN-Read-

Across) 
(version 

1,1,0)
Assessment

logBCF pred 
(OPERA)

JANUS 
Bioaccumulat
ion [log(L/kg)]

Assessment

BCF MODEL

Fish Acute (LC50) 

Toxicity model 
(IRFMN)

Experimental 

(mg/L)

Source: Toma et 

al, (2021)
https://doi,org/10,
3390/molecules26

226983

Fish Acute (LC50) 

Toxicity model 
(IRFMN)

Experimental (a-

dimensional)

Source: Toma et 

al, (2021)
https://doi,org/10,
3390/molecules26

226983

Fish Acute (LC50) 

Toxicity model 

(IRFMN)

Predicted (mg/L)

Fish Acute (LC50) 

Toxicity model 
(IRFMN)

Predicted a-

dimensional

Fish Acute (LC50) 

Toxicity model 

(IRFMN)

Assessment

Fish Acute (LC50) 

Toxicity model 
(NIC)

Experimental 

(mg/L)

Source: Su et al, 

(2014)
https://doi,org/10,
1016/j,scitotenv,2

014,03,040

Fish Acute (LC50) 

Toxicity model 
(NIC)

Experimental 

[log(1/(mmol/L))]

Source: Su et al, 

(2014)
https://doi,org/10,
1016/j,scitotenv,2

014,03,041

Fish Acute (LC50) 

Toxicity model 

(NIC)

Predicted (mg/L)

Fish Acute (LC50) 

Toxicity model 
(NIC)

Predicted 

[log(1/(mmol/L))]

Fish Acute (LC50) 

Toxicity model 

(NIC)

Assessment

Fish Acute (LC50) 

Toxicity model 

(KNN-Read-Across)
Experimental 

(mg/L)

Source: Database 

compiled by the 

MED-Duluth 
group, the OECD 

Toolbox, the 

DEMETRA Project 

(Rainbow Trout 

toxicity model) 
and the work of 

Su et al DOI: 

10,1016/j,scitoten

v,2014,03,040

Fish Acute (LC50) 

Toxicity model 

(KNN-Read-Across)
Experimental [-

log(mg/L)]

Source: Database 

compiled by the 

MED-Duluth 
group, the OECD 

Toolbox, the 

DEMETRA Project 

(Rainbow Trout 

toxicity model) 
and the work of 

Su et al DOI: 

10,1016/j,scitoten

v,2014,03,040

Fish Acute (LC50) 

Toxicity model 

(KNN-Read-Across)

Predicted (mg/L)

Fish Acute (LC50) 

Toxicity model 
(KNN-Read-Across)

Predicted [-

log(mg/L)]

Fish Acute (LC50) 

Toxicity model 

(KNN-Read-Across)

Assessment

Fish Acute (LC50) 

Toxicity 
classification 

(SarPy-IRFMN)

Experimental

Source: Russom et 

al, (2010)
https://doi,org/10,
1002/etc,5620160

514

Fish Acute (LC50) 

Toxicity 
classification 

(SarPy-IRFMN)

Predicted

Fish Acute (LC50) 

Toxicity 
classification 

(SarPy-IRFMN)

Assessment

Fish Acute (LC50) 

Toxicity model 
(IRFMN-Combase)
Experimental [-

log(mmol/l)]

Source: 

https://ecotox,ipm
centers,org/,  

https://cfpub,epa,

gov/ecotox/, 

https://qsartoolbo

x,org/resources/da
tabases/, 

https://sitem,hert

s,ac,uk/aeru/ppdb/

en, http://cefic-

lri,org/toolbox/am
bit/, http://cefic-

lri,org/toolbox/am

bit/

Fish Acute (LC50) 

Toxicity model 
(IRFMN-Combase)

Experimental 

(mg/L)

Source: 

https://ecotox,ipm
centers,org/,  

https://cfpub,epa,

gov/ecotox/, 

https://qsartoolbo

x,org/resources/da
tabases/, 

https://sitem,hert

s,ac,uk/aeru/ppdb/

en, http://cefic-

lri,org/toolbox/am
bit/, http://cefic-

lri,org/toolbox/am

bit/

Fish Acute (LC50) 

Toxicity model 
(IRFMN-Combase)

Predicted [-

log(mmol/l)]

Fish Acute (LC50) 

Toxicity model 

(IRFMN-Combase)

Predicted (mg/L)

Fish Acute (LC50) 

Toxicity model 

(IRFMN-Combase)

Assessment

Fathead Minnow 

LC50 96h (EPA)
Experimental 

(mg/L)

Source: Martin et 

al, (2001) 

https://doi,org/10,
1021/tx0155045
ECOTOX aquatic 

toxicity database

Fathead Minnow 

LC50 96h (EPA)
Experimental [-

log(mol/l)]

Source: Martin et 

al, (2001) 

https://doi,org/10,
1021/tx0155045
ECOTOX aquatic 

toxicity database

Fathead Minnow 
LC50 96h (EPA)

Predicted (mg/L)

Fathead Minnow 

LC50 96h (EPA)

Predicted [-

log(mol/l)]

Fathead Minnow 
LC50 96h (EPA)

Assessment

Fathead Minnow 
LC50 model (KNN-

IRFMN)

Experimental 

(mg/L)
Source: Su et al, 

(2014)

https://doi,org/10,

1016/j,scitotenv,2

014,03,040

Fathead Minnow 

LC50 model (KNN-
IRFMN)

Experimental [log 

1/LC50(mmol/L)]

Source: Su et al, 

(2014)
https://doi,org/10,
1016/j,scitotenv,2

014,03,040

Fathead Minnow 

LC50 model (KNN-

IRFMN)

Predicted (mg/L)

Fathead Minnow 

LC50 model (KNN-
IRFMN)

Predicted [log 

1/LC50(mmol/L)]

Fathead Minnow 

LC50 model (KNN-

IRFMN)

Assessment

Daphnia Magna 

Acute (EC50) 
Toxicity model 

(IRFMN)

Experimental 

(mg/L)

Source: data 
retrieved from 
the Japanese 

Ministry of   

Environment 

(http://www,env,g
o,jp/en/chemi/ses
aku/aquatic_Mar_

2016,pdf)

Daphnia Magna 

Acute (EC50) 
Toxicity model 

(IRFMN)

Experimental 

[log(mmol/l)]

Source: data 
retrieved from 
the Japanese 

Ministry of   

Environment 

(http://www,env,g
o,jp/en/chemi/ses
aku/aquatic_Mar_

2016,pdf)

Daphnia Magna 

Acute (EC50) 
Toxicity model 

(IRFMN)

Predicted (mg/L)

Daphnia Magna 
Acute (EC50) 

Toxicity model 

(IRFMN)

Predicted 
[log(mmol/l)]

Daphnia Magna 

Acute (EC50) 
Toxicity model 

(IRFMN)

Assessment

Daphnia Magna 

LC50 48h (EPA)

Experimental 

(mg/L)
Source: ECOTOX 
aquatictoxicity 

database 

(http://cfpub,epa,g

ov/ecotox/)

Daphnia Magna 

LC50 48h (EPA)

Experimental [-

log(mol/l)]
Source: ECOTOX 
aquatictoxicity 

database 

(http://cfpub,epa,g

ov/ecotox/)

Daphnia Magna 
LC50 48h (EPA)

Predicted (mg/L)

Daphnia Magna 

LC50 48h (EPA)

Predicted [-

log(mol/l)]

Daphnia Magna 
LC50 48h (EPA)

Assessment

Daphnia Magna 

LC50 48h 

(DEMETRA)
Experimental 

(mg/L)

Source: Amaury et 

al, (2007)

https://doi,org/10,
1016/B978-
044452710-

3/50009-4

Daphnia Magna 
LC50 48h 

(DEMETRA)

Experimental [-

log(mol/l)]
Source: Amaury et 

al, (2007)

https://doi,org/10,

1016/B978-

044452710-
3/50009-4

Daphnia Magna 

LC50 48h 

(DEMETRA)

Predicted(mg/L)

Daphnia Magna 

LC50 48h 
(DEMETRA)
Predicted [-

log(mol/l)]

Daphnia Magna 

LC50 48h 

(DEMETRA)

Assessment

Daphnia Magna 
Acute (EC50) 

Toxicity model 

(IRFMN-Combase)

Experimental 
(mg/L)

Blazquez et al, 

(2021) 

https://doi,org/10,

1002/9781119681
397,ch27

Daphnia Magna 
Acute (EC50) 

Toxicity model 

(IRFMN-Combase)

Experimental 
[log(mmol/l)]
Blazquez et al, 

(2021) 

https://doi,org/10,

1002/9781119681
397,ch27

Daphnia Magna 

Acute (EC50) 
Toxicity model 

(IRFMN-Combase)

Predicted (mg/L)

Daphnia Magna 
Acute (EC50) 

Toxicity model 

(IRFMN-Combase)

Predicted 
[log(mmol/l)]

Daphnia Magna 

Acute (EC50) 
Toxicity model 

(IRFMN-Combase)

Assessment

Guppy LC50 model 

(KNN-IRFMN)

Experimental 

(mg/L)
Source: Su et al, 

(2014)

https://doi,org/10,

1016/j,scitotenv,2

014,03,040

Guppy LC50 model 

(KNN-IRFMN)

Experimental [log 

1/LC50(mmol/L)]
Source: Su et al, 

(2014)

https://doi,org/10,

1016/j,scitotenv,2

014,03,040

Guppy LC50 model 
(KNN-IRFMN)

Predicted (mg/L)

Guppy LC50 model 

(KNN-IRFMN)

Predicted [log 

1/LC50(mmol/L)]

Guppy LC50 model 
(KNN-IRFMN)
Assessment

Algae Acute (EC50) 

Toxicity model 
(IRFMN)

Experimental 

(mg/L)

Source: Toma et 

al, (2021)
https://doi,org/10,
3390/molecules26

226983

Algae Acute (EC50) 

Toxicity model 
(IRFMN)

Experimental [a-

dimensional]

Source: Toma et 

al, (2021)
https://doi,org/10,
3390/molecules26

226983

Algae Acute (EC50) 

Toxicity model 

(IRFMN)

Predicted (mg/L)

Algae Acute (EC50) 

Toxicity model 
(IRFMN)

Predicted [a-

dimensional]

Algae Acute (EC50) 

Toxicity model 

(IRFMN)

Assessment

Algae 
Classification 

Toxicity model 

(ProtoQSAR-

Combase)
Experimental

Blazquez et al, 

(2021) 

https://doi,org/10,

1002/9781119681
397,ch27

Algae 
Classification 

Toxicity model 

(ProtoQSAR-

Combase)
Predicted

Algae 
Classification 

Toxicity model 

(ProtoQSAR-

Combase)
Assessment

Algae Acute (EC50) 
Toxicity model 

(ProtoQSAR-

Combase)

Experimental 
(mg/L)

Blazquez et al, 

(2021) 

https://doi,org/10,

1002/9781119681
397,ch27

Algae Acute (EC50) 
Toxicity model 

(ProtoQSAR-

Combase)

Experimental 
[log(mg/L)]

Blazquez et al, 

(2021) 

https://doi,org/10,

1002/9781119681
397,ch27

Algae Acute (EC50) 

Toxicity model 
(ProtoQSAR-

Combase)

Predicted (mg/L)

Algae Acute (EC50) 
Toxicity model 

(ProtoQSAR-

Combase)

Predicted 
[log(mg/L)]

Algae Acute (EC50) 

Toxicity model 
(ProtoQSAR-

Combase)

Assessment

Fish Chronic 

(NOEC) Toxicity 

model (IRFMN)
Experimental 

(mg/L)

Source: Ministry 

of Environment in 

Japan, 
https://www,env,
go,jp/en/chemi/se

saku/aquatic_Mar

_2016,pdf

Fish Chronic 

(NOEC) Toxicity 

model (IRFMN)
Experimental [a-

dimensional]

Source: Ministry 

of Environment in 

Japan, 
https://www,env,
go,jp/en/chemi/se

saku/aquatic_Mar

_2016,pdf

Fish Chronic 

(NOEC) Toxicity 

model (IRFMN)

Predicted (mg/L)

Fish Chronic 

(NOEC) Toxicity 
model (IRFMN)

Predicted [a-

dimensional]

Fish Chronic 

(NOEC) Toxicity 

model (IRFMN)

Assessment

Daphnia Magna 
Chronic (NOEC) 
Toxicity model 

(IRFMN)

Experimental 

(mg/L)
Source: Japanese 

Ministry of 

Environment 

(http://www,env,g

o,jp/en/chemi/ses
aku/aquatic_Mar_

2016,pdf) 

Daphnia Magna 
Chronic (NOEC) 
Toxicity model 

(IRFMN)

Experimental 

[log(mmol/l)]
Source: Japanese 

Ministry of 

Environment 

(http://www,env,g

o,jp/en/chemi/ses
aku/aquatic_Mar_

2016,pdf) 

Daphnia Magna 

Chronic (NOEC) 
Toxicity model 

(IRFMN)

Predicted (mg/L)

Daphnia Magna 
Chronic (NOEC) 

Toxicity model 

(IRFMN)

Predicted 
[log(mmol/l)]

Daphnia Magna 

Chronic (NOEC) 
Toxicity model 

(IRFMN)

Assessment

Algae Chronic 

(NOEC) Toxicity 

model (IRFMN)
Experimental 

(mg/L)

Source: Japanese 

Ministry of 

Environment 
(http://www,env,g
o,jp/en/chemi/ses

aku/aquatic_Mar_

2016,pdf) 

Algae Chronic 

(NOEC) Toxicity 

model (IRFMN)
Experimental [a-

dimensional]

Source: Japanese 

Ministry of 

Environment 
(http://www,env,g
o,jp/en/chemi/ses

aku/aquatic_Mar_

2016,pdf) 

Algae Chronic 

(NOEC) Toxicity 

model (IRFMN)

Predicted /mg/L)

Algae Chronic 

(NOEC) Toxicity 
model (IRFMN)

Predicted [a-

dimensional]

Algae Chronic 

(NOEC) Toxicity 

model (IRFMN)

Assessment

JANUS Toxicity

Assessment

JANUS Toxicity
Assessment 

(numerical value)

ECOTOX ORGANISMI 



PNEC suolo PNEC acqua PNEC aria

Verhaar 
classification 

(TOXTREE)
Assessment

MOA fish 
toxicity 

classification 
(EPA T,E,S,T,)
Experimental

Source: Martin 
et al, (2013)

https://pubs,ac
s,org/doi/10,10
21/ci400267h

MOA fish 
toxicity 

classification 
(EPA T,E,S,T,)

Predicted

MOA fish 
toxicity 

classification 
(EPA T,E,S,T,)
Assessment

MOA pesticide 
classification 

(IRFMN)
Predicted

MOA pesticide 
classification 

(IRFMN)
Assessment

Bee acute 
toxicity model 
(KNN-IRFMN)
Experimental
Source: Como 
et al, (2017) 

https://doi,org
/10,1016/j,che
mosphere,2016

,09,092
https://www,ef
sa,europa,eu/e
n/microstrateg
y/openfoodtox 

, 
https://doi,org
/10,1016/B978-

044452710-
3/50004-5 , 

https://qsartoo
lbox,org/resour
ces/databases/

Bee acute 
toxicity model 
(KNN-IRFMN)

Predicted

Bee acute 
toxicity model 
(KNN-IRFMN)
Assessment

Sludge 
Classification 

Toxicity model 
(ProtoQSAR-

Combase)
Experimental
Blazquez et al, 

(2021) 
https://doi,org
/10,1002/97811
19681397,ch27

Sludge 
Classification 

Toxicity model 
(ProtoQSAR-

Combase)
Predicted

Sludge 
Classification 

Toxicity model 
(ProtoQSAR-

Combase)
Assessment

Sludge (EC50) 
Toxicity model 

(ProtoQSAR-
Combase)

Experimental 
(mg/L)
Source: 

Blazquez et al, 
(2021) 

https://doi,org
/10,1002/97811
19681397,ch27

Sludge (EC50) 
Toxicity model 

(ProtoQSAR-
Combase)

Experimental 
[log(mg/L)]

Source: 
Blazquez et al, 

(2021) 
https://doi,org
/10,1002/97811
19681397,ch27

Sludge (EC50) 
Toxicity model 

(ProtoQSAR-
Combase)
Predicted 

(mg/L)

Sludge (EC50) 
Toxicity model 

(ProtoQSAR-
Combase)
Predicted 

[log(mg/L)]

Sludge (EC50) 
Toxicity model 

(ProtoQSAR-
Combase)

Assessment

Ready 
Biodegradabilit

y model 
(IRFMN)

Experimental
Source:  

http://dx,doi,o
rg/10,1016/j,ch
emosphere,201
4,02,073, DOI: 

10,2478/s11532
-012-0031-4, 

doi: 
10,1021/ci2006

22d

Ready 
Biodegradabilit

y model 
(IRFMN)

Predicted

Ready 
Biodegradabilit

y model 
(IRFMN)

Assessment

ReadyBiodeg 
pred (OPERA)

ReadyBiodeg 
pred 

LogHalfLife 
(OPERA)

Persistence 
(sediment) 

model (IRFMN)
Experimental

Source: Gouin, 
et al, (2004) 

https://doi,org
/10,1016/j,che
mosphere,2004

,04,018 and 
Gramatica et 

al, (2007) DOI: 
10,15152/QDB,

113

Persistence 
(sediment) 

model (IRFMN)
Predicted

Persistence 
(sediment) 

model (IRFMN)
Assessment

Persistence 
(sediment) 

quantitative 
model (IRFMN)
Experimental 

(days)
Source: QMRF 
of the model -

ECHA 
registration 

data and Gouin 
et al,(2004) 

https://doi,org
/10,1016/j,che
mosphere,2004

,04,018

Persistence 
(sediment) 

quantitative 
model (IRFMN)
Experimental 

[log(days)]
Source: QMRF 
of the model -

ECHA 
registration 

data and Gouin 
et al,(2004) 

https://doi,org
/10,1016/j,che
mosphere,2004

,04,018

Persistence 
(sediment) 

quantitative 
model (IRFMN)

Predicted 
(days)

Persistence 
(sediment) 

quantitative 
model (IRFMN)

Predicted 
[log(days)]

Persistence 
(sediment) 

quantitative 
model (IRFMN)

Assessment

Persistence 
(soil) model 

(IRFMN)
Experimental

Source: Gouin, 
et al, (2004) 

https://doi,org
/10,1016/j,che
mosphere,2004

,04,018; 
Gramatica et 

al, (2007) DOI: 
10,15152/QDB,
113; Linders et 

al, (1994) 
http://hdl,han

dle,net/10029/
10254; USGS 
(Prioritizing 

Pesticide 
Compounds for 

Analytical 
Methods 

Development, 
2012)

Persistence 
(soil) model 

(IRFMN)
Predicted

Persistence 
(soil) model 

(IRFMN)
Assessment

Persistence 
(soil) 

quantitative 
model (IRFMN)
Experimental 

(days)
Source: QMRF 
of the model -

ECHA 
registration 

data and Gouin 
et al,(2004) 

https://doi,org
/10,1016/j,che
mosphere,2004

,04,018

Persistence 
(soil) 

quantitative 
model (IRFMN)
Experimental 

[log(days)]
Source: QMRF 
of the model -

ECHA 
registration 

data and Gouin 
et al,(2004) 

https://doi,org
/10,1016/j,che
mosphere,2004

,04,018

Persistence 
(soil) 

quantitative 
model (IRFMN)

Predicted 
(days)

Persistence 
(soil) 

quantitative 
model (IRFMN)

Predicted 
[log(days)]

Persistence 
(soil) 

quantitative 
model (IRFMN)

Assessment

Persistence 
(water) model 

(IRFMN)
Experimental

Source: Gouin, 
et al, (2004) 

https://doi,org
/10,1016/j,che
mosphere,2004

,04,018; 
Gramatica et 

al, (2007) DOI: 
10,15152/QDB,
113; Linders et 

al, (1994) 
http://hdl,han

dle,net/10029/
10254; USGS 
(Prioritizing 

Pesticide 
Compounds for 

Analytical 
Methods 

Development, 
2012)

Persistence 
(water) model 

(IRFMN)
Predicted

Persistence 
(water) model 

(IRFMN)
Assessment

Persistence 
(water) 

quantitative 
model (IRFMN)
Experimental 

(days)
Source: QMRF 
of the model -

ECHA 
registration 

data and Gouin 
et al,(2004) 

https://doi,org
/10,1016/j,che
mosphere,2004

,04,018

Persistence 
(water) 

quantitative 
model (IRFMN)
Experimental 

[log(days)]
Source: QMRF 
of the model -

ECHA 
registration 

data and Gouin 
et al,(2004) 

https://doi,org
/10,1016/j,che
mosphere,2004

,04,018

Persistence 
(water) 

quantitative 
model (IRFMN)

Predicted 
(days)

Persistence 
(water) 

quantitative 
model (IRFMN)

Predicted 
[log(days)]

Persistence 
(water) 

quantitative 
model (IRFMN)

Assessment

JANUS 
Persistence
Assessment

JANUS 
Persistence
Assessment

BIODEGRADAZIONE-PERSISTENZA

DATABASE ESEMPIO DI CARATTERISTICHE CHIMICO-FISICHE-TOSSICOLOGICHE

Half life (d) 
Lewis et al, 

(2016), 
doi.org/10.1
080/108070
39.2015.113

3242 

logHL pred 
(OPERA)

Air Half-Life 
(IRFMN-
CORAL)

Experiment
al (hours)
Source: 

Toropov et 
al, (2018)

https://doi,
org/10,1007

/978-1-
4939-7899-

1_27

Air Half-Life 
(IRFMN-
CORAL)

Experiment
al 

[log(hours)]
Source: 

Toropov et 
al, (2018)

https://doi,
org/10,1007

/978-1-
4939-7899-

1_27

Air Half-Life 
(IRFMN-
CORAL)

Predicted 
(hours)

Air Half-Life 
(IRFMN-
CORAL)

Predicted 
[log(hours)]

Air Half-Life 
(IRFMN-
CORAL)

Assessment

Adipose 
tissue -
blood 
model 

(INERIS)
Experiment

al
Source: 

Cappelli et 
al, (2021) 

https://doi,
org/10,1002
/minf,20200

0072

Adipose 
tissue -
blood 
model 

(INERIS)
Predicted 
[Log units]

Adipose 
tissue -
blood 
model 

(INERIS)
Assessment

Total body 
elimination 

half-life 
(QSARINS)
Experiment
al [Log(h)]

Source: The 
dataset was 
taken from 
literature 

(J,A, Arnot, 
T,N, Brown, 

F, Wania, 
Estimating 
screening-

level 
organic 

chemical 
half-lives in 

human, 
Environ Sci 

Technol, 
2014; 

48:723-730

Total body 
elimination 

half-life 
(QSARINS)
Predicted 

(hours)

Total body 
elimination 

half-life 
(QSARINS)
Predicted 
[Log(h)]

Total body 
elimination 

half-life 
(QSARINS)

Assessment

Classe 

IARC 

SFO
(mg/kg-

day)-1
Fonte

IUR
(ug/m3)-1 Fonte

RfDo

(mg/kg-day)
Fonte

RfCi

(mg/m3)
Fonte Volatile

BMDL10

(mg/kg-
giorno)

Specie/ via 
somministr

azione
Fonte GIABS ABSd DNEL DMEL

Organo/sist
ema critico 
ingestione

Organo/sist
ema critico 
inalatorio

Sistema sito 
tumorale 

ingestione

Sistema sito 
tumorale 
inalatorio

Fango di 
Alta Qualità

Fango 
Idoneo

UDM

Valori limiti 
Terreni 

soggetti ad 
utilizzo 

fanghi in 
agricoltura 

UDM

CSC per i 
suoli delle 

aree 
agricole 

UDM

CANCEROGENICITA'-MUTAGENICITA'
DOSE ORGANO BERSAGLIO 

UOMO
VALORI LIMITE LEGGE-NORME



WP3 - Valutazione integrata dell’impatto ambientale e sanitario

28

WP3 - Valutazione integrata dell’impatto ambientale e sanitario

-MCKONE ET AL., 1989
-HATTERMER-FREYS E TREVIS, 1991

-HHRAP USEPA, 2005

Utilizzo del modello PEARL



Valutazioni sperimentali chimiche e tossicologiche

WP3 - Valutazione integrata dell’impatto ambientale e sanitario

29

Creazione di un database ed indice per correlare le singole risultanze analitiche biochimiche
Utilizzo Criteri espressi nelle Linee guida  V.I.S. _ ISS per

la Valutazione di n°2 Casi Studio (ammendante in agricoltura – termovalorizzazione)



WP4 - Valutazione integrata

dell’impatto economico e normativo

"Il diritto è la via privilegiata
per tutelare la qualità

della vita delle persone e dell’ambiente
in cui esse vivono"

Specialisti in Diritto Ambientale (Prof.avv.Salvemini) e Diritto Sanitario (avv.Armano)

Criterio 
Fondante



VIETARE
l’utilizzazione dei fanghi

in casi SELEZIONATI

DISCIPLINARE
le modalità di utilizzo dei
fanghi con più ACCURATEZZA

Come?

Utilizzo dei Fanghi
in Agricoltura

e/o loro 
Termovalorizzazione

Ambiente
Uomo

Animali
Vegetali

equilibrio

31
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Con la consapevolezza che c’è ancora 
molto da studiare per un ambiente 
complessivamente  più salubre….


