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toto exemplifyexemplify thethe integrationintegration ofof information,information, modelsmodels andand strategiesstrategies forfor carryingcarrying outout hazardhazard andand

riskrisk assessmentsassessments forfor fourfour classesclasses ofof emergingemerging pollutantspollutants::

• PerfluorinatedPerfluorinated CompoundsCompounds

•• TriazolesTriazoles // benzotriazolesbenzotriazoles
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INTRODUCTIONINTRODUCTION && OBJECTIVESOBJECTIVES

TheThe prioritizationprioritization ofof hazardoushazardous chemicalschemicals isis aa usefuluseful procedureprocedure forfor thethe identificationidentification ofof criticalcritical substancessubstances andand

thethe optimizationoptimization ofof experimentsexperiments.. ThisThis procedureprocedure becamebecame ofof particularparticular relevancerelevance withinwithin thethe EUEU--REACHREACH regulation,regulation,

whichwhich encouragesencourages thethe minimizationminimization ofof animalanimal testingtesting alsoalso byby thethe useuse ofof alternativealternative inin vitrovitro andand inin silicosilico methodsmethods..

AmongAmong thesethese methodsmethods quantitativequantitative structurestructure--activityactivity relationshipsrelationships (QSARs)(QSARs) cancan predictpredict missingmissing datadata forfor thethe

unknownunknown activitiesactivities andand propertiesproperties necessarynecessary toto prioritizeprioritize existingexisting oror notnot yetyet synthesizedsynthesized chemicalschemicals.. TheThe

prioritizationprioritization ofof fourfour classesclasses ofof emergingemerging pollutantspollutants ((brominatedbrominated flameflame retardants,retardants, fragrances,fragrances, perfluorinatedperfluorinated

compoundscompounds andand ((benzobenzo))triazolestriazoles)) isis oneone ofof thethe topicstopics ofof thethe FPFP77 EuropeanEuropean projectproject CADASTERCADASTER.. TheThe prioritizationprioritization

appliedapplied toto CADASTERCADASTER chemicalschemicals waswas crucialcrucial toto focusfocus thethe experimentalexperimental designdesign onon criticalcritical substancessubstances onon thethe

basisbasis ofof theirtheir chemicalchemical structurestructure andand potentialpotential ecotoxicologicalecotoxicological hazardhazard..

TheThe aimaim ofof thisthis posterposter isis toto summarizesummarize thethe prioritizationprioritization activityactivity performedperformed withinwithin thethe CADASTERCADASTER project,project, alsoalso byby

applyingapplying “ad“ad hoc”hoc” QSAR/QSPRQSAR/QSPR modelsmodels developeddeveloped soso farfar forfor thethe fourfour classesclasses ofof compoundscompounds underunder investigationinvestigation..

•• BrominatedBrominated FlameFlame RetardantsRetardants

•• FragrancesFragrances

BROMINATED FLAME RETARDANTS (BFRs)BROMINATED FLAME RETARDANTS (BFRs) PERFLUORINATED COMPOUNDS (PFCs)PERFLUORINATED COMPOUNDS (PFCs)

�� QSARQSAR modelsmodels developeddeveloped forfor severalseveral endpointsendpoints

relatedrelated toto DIOXINDIOXIN--LIKELIKE activityactivity ((AhRAhR RBA,RBA, ERODEROD

induction,induction, AhRAhR agonismagonism)) andand ENDOCRINEENDOCRINE

DISRUPTIONDISRUPTION potencypotency (ER(ER agonismagonism,, PRPR antagonism,antagonism,

TT44--TTRTTR competition,competition, EE22SULTSULT inhibition)inhibition) [[11,,22]]

METHODSMETHODS

DifferentDifferent prioritizationprioritization proceduresprocedures werewere appliedapplied toto overover 10001000 chemicalschemicals byby combining,combining, throughthrough differentdifferent

approachesapproaches (similarity(similarity analysis,analysis, multivariatemultivariate rankingranking methods,methods, factorialfactorial design),design), thethe structuralstructural informationinformation,,

encodedencoded inin theoreticaltheoretical molecularmolecular descriptors,descriptors, andand thethe datadata (experimental(experimental oror predicted)predicted) availableavailable forfor differentdifferent

toxicologicaltoxicological andand ecotoxicologicalecotoxicological endpointsendpoints.. ChemicalsChemicals belongingbelonging toto thethe ECHAECHA prepre--registrationregistration listlist werewere alsoalso

studiedstudied inin thethe prioritizationsprioritizations.. PriorityPriority compoundscompounds werewere suggestedsuggested forfor focusingfocusing thethe experimentsexperiments executedexecuted byby

otherother CADASTERCADASTER partnerspartners..

�� PredictionsPredictions andand applicabilityapplicability domaindomain forfor 243243 BFRsBFRs

(e(e..gg.. PBDEs,PBDEs, OHOH-- andand CHCH33-- PBDEPBDE metabolites,metabolites, TBBPATBBPA

analogs,analogs, bromobromo phenols,phenols, etcetc......))

�� BFRsBFRs predictedpredicted withwith higherhigher activityactivity forfor bothboth dioxindioxin--likelike

activityactivity andand endocrineendocrine disruptiondisruption potencypotency werewere suggestedsuggested asas

prioritypriority compoundscompounds forfor thethe experimentalexperimental testingtesting..
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Fig 1. Plot of EXP vs PRED values of QSAR model for AhR Relative Binding Affinity

�� QSARQSAR modelsmodels developeddeveloped forfor mammalianmammalian oraloral andand

inhalationinhalation toxicitytoxicity [[44,,55]] appliedapplied toto 376376 PFCsPFCs (some(some

chemicalschemicals includedincluded inin thethe ECHAECHA prepre--registrationregistration list)list)

�� PCAPCA analysisanalysis basedbased onon experimentalexperimental andand

predictedpredicted datadata (compounds(compounds withinwithin ADAD only)only)

Fig 4. PCA plot (PC1 vs PC2) on experimental and predicted mammalian toxicity data (204 PFCs)

�� 2222 longlong chainchain PFCsPFCs werewere identifiedidentified asas thethe mostmost
PFOAPFOA
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FRAGRANCESFRAGRANCES TRIAZOLES & BENZOTRIAZOLES & BENZO--TRIAZOLES (BTRIAZOLES (B--TAZs)TAZs)

�� QSARQSAR modelsmodels developeddeveloped forfor mammalianmammalian ACUTEACUTE
TOXICITYTOXICITY (LD(LD5050 oral)oral) andand CYTOTOXICITYCYTOTOXICITY (EC(EC5050

NADHNADH oxidaseoxidase andand ECEC5050 ∆∆ψψm)m) [[33]] werewere appliedapplied toto 7979
fragrancesfragrances

Fig 5. PCA plot on experimental ecotoxicity data and some environmental behaviour endpoints available for 21 (B)TAZs 

MostMost toxictoxic and and bioaccumulativebioaccumulative
(B)TAZs for the aquatic environment(B)TAZs for the aquatic environment

TOXICITY

�� 2323 (B)TAZs(B)TAZs prioritizedprioritized

forfor experimentalexperimental testingtesting

prioritypriority compoundscompounds forfor thethe experimentalexperimental testingtesting..

Fig 2. Multidimensional Scaling (MDS) plot based

on molecular descriptors selected in the

developed QSAR models.

Prioritized BFRs (highlighted in the plot) cover a

wide structural domain and are representative of

the BFR chemical space.

�� 28 fragrances were identified as always active 28 fragrances were identified as always active 
(“AA”) for all the modeled endpoints(“AA”) for all the modeled endpoints

AHTN(AHTN(tonalide,tetralide,fixolidetonalide,tetralide,fixolide)) Benzyl Benzyl cinnamatecinnamate

CelestolideCelestolide, , CrysolideCrysolide (ADBI)(ADBI) CinnamylCinnamyl benzoatebenzoate

HHCB (HHCB (GalaxolideGalaxolide)) HexylcinnamaldeydeHexylcinnamaldeyde

OTNEOTNE Phenethyl cinnamatePhenethyl cinnamate

TraseolideTraseolide (ATII)(ATII) αα--amylcinnamyl alcoholamylcinnamyl alcohol

Musk ambretteMusk ambrette Acethyl cedreneAcethyl cedrene

Musk moskeneMusk moskene Methyl dihydrojasmonateMethyl dihydrojasmonate

Musk Musk tibetenetibetene pp--tt--bucinalbucinal

AHMI PhantolideAHMI Phantolide Benzyl Benzyl salicylatesalicylate

DPMI CashmeranDPMI Cashmeran HexylHexyl salicylatesalicylate

AETT VersalideAETT Versalide TriclosanTriclosan

Ethylene BrassylateEthylene Brassylate Benzyl BenzoateBenzyl Benzoate

Ethylene DodecanedioateEthylene Dodecanedioate 44--tt--butyl cyclohexyl acetatebutyl cyclohexyl acetate

MusconeMuscone CyclopentadecanolideCyclopentadecanolide

Tab 1. Always active (AA) fragrances 
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�� TheThe mostmost structurallystructurally representativerepresentative compoundscompounds forfor
eacheach functionalfunctional classclass werewere selectedselected
�������� 1010 fragrancesfragrances prioritizedprioritized (labeled(labeled inin FigFig.. 33 andand TabTab.. 11))

Fig 3

11 BFRs prioritized11 BFRs prioritized

Factorial Design on 4 PC of Factorial Design on 4 PC of 

molecular descriptorsmolecular descriptors

�� 1616 groupsgroups ofof structurallystructurally similarsimilar
compoundscompounds

�� ForFor eacheach fragrancefragrance prioritized,prioritized, aa
listlist ofof alternativealternative compoundscompounds waswas
suggestedsuggested forfor experimentalexperimental testingtesting

243 BFRs243 BFRs

�� 2222 longlong chainchain PFCsPFCs werewere identifiedidentified asas thethe mostmost

toxictoxic forfor allall thethe modelledmodelled endpointsendpoints andand

suggestedsuggested forfor experimentalexperimental testingtesting

PFOAPFOA

PFOSHPFOSH
Fig 5. Structures of the 22 PFCs 

prioritized PFCs 

�� ExperimentalExperimental datadata availableavailable forfor severalseveral ecoeco--

toxicitytoxicity andand environmentalenvironmental behaviorbehavior endpointsendpoints

(i(i..ee.. ECEC5050 Algae,Algae, ECEC5050 Daphnia,Daphnia, LCLC5050 fish,fish, LogPLogP,,

BCF)BCF) werewere analyzedanalyzed byby PCAPCA

�� IdentificationIdentification ofof mostmost structurallystructurally

similarsimilar compoundscompounds amongamong 386386

(B)TAZs(B)TAZs withoutwithout experimentalexperimental datadata

(some(some ofof themthem includedincluded inin thethe ECHAECHA

prepre--registrationregistration listlist))

Fig 6. MDS plot based on PCs of molecular descriptors of 

386 (benzo)triazoles. 

MDS +KMDS +K--ANNANN

Fig 7. Kohonen maps based on

PCs of molecular descriptors of

386 (benzo)triazoles. Cells

containing 11 active (B)TAZs and

their structurally similar

compounds are highlighted with

blue circles.
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