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INTRODUCTIONINTRODUCTION

•• Class of Class of emergingemerging pollutantspollutants usedused in a in a varietyvariety of of 

consumer consumer productsproducts ((plasticsplastics, , polyurethanepolyurethane foamsfoams, , 

textilestextiles, , electronicelectronic equipmentsequipments..) ..) toto increaseincrease firefire

resistancyresistancy

•• ThreeThree mostmost markedmarked HPV products:HPV products:

PBDEPBDE

PolybrominatedPolybrominated DiphenylDiphenyl EthersEthers
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•• LevelsLevels in the in the environmentenvironment and and humanshumans increasedincreased

sincesince theythey camecame intointo useuse

•• BanBan of pentaof penta-- and and octaocta--BDEBDE formulationsformulations ((DecaBDEDecaBDE

under under evaluationevaluation); HBCD in candidate list?); HBCD in candidate list?

209 209 possiblepossible

CONGENERSCONGENERS



Background Background knowledgeknowledge aboutabout BFRs:BFRs:

•• LowLow water water solubilitysolubility

•• High High LogKowLogKow > 5> 5

•• PersistencePersistence in the in the environmentenvironment

•• LiverLiver toxicitytoxicity, , thyroidthyroid toxicitytoxicity, , developmentaldevelopmental toxicitytoxicity

•• Endocrine Endocrine disruptorsdisruptors

INTRODUCTIONINTRODUCTION

The The availableavailable amountamount of of experimentalexperimental data data isis veryvery smallsmall and and 

mainlymainly relatedrelated toto alreadyalready bannedbanned BFRs.BFRs.

ThereThere isis the the needneed toto extendextend knowledgeknowledge aboutabout

propertiesproperties and ecotoxicological data for a and ecotoxicological data for a 

betterbetter understandingunderstanding of BFRs of BFRs behaviourbehaviour and and 

relatedrelated risksrisks



AIMS of the STUDYAIMS of the STUDY

Development of QSAR Development of QSAR modelsmodels for for allall availableavailable

endpointsendpoints payingpaying attentionattention toto externalexternal validationvalidation and and 

applicabilityapplicability domaindomain analysisanalysis

�� EvaluationEvaluation of of environmental environmental behaviourbehaviour of BFRsof BFRs

�� IdentificationIdentification of more of more dangerousdangerous compoundscompounds for for 

endocrine endocrine disruptiondisruption potencypotency
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To facilitate the consideration of a QSAR model To facilitate the consideration of a QSAR model 

for regulatory purposes, it should be associated with the for regulatory purposes, it should be associated with the 

following information:following information:

�� a defined endpoint a defined endpoint 

�� an unambiguous algorithman unambiguous algorithm

�� a defined domain of applicabilitya defined domain of applicability

�� appropriate measures of goodness of fit,appropriate measures of goodness of fit,

robustness and robustness and predictivitypredictivity

�� a mechanistic interpretation, if possiblea mechanistic interpretation, if possible

--

OECD Principles for QSAR modelsOECD Principles for QSAR models
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METHODSMETHODS

1.1. Defined endDefined end--points of points of PhysPhys--chemchem and Endocrine Disruptionand Endocrine Disruption

2.2. Unambiguous algorithm.Unambiguous algorithm.

•• Chemical representation by theoretical molecular descriptors Chemical representation by theoretical molecular descriptors 

(DRAGON) (DRAGON) 

•• Statistical methods Statistical methods �� MLR regression (OLS)MLR regression (OLS)

�� Classification methods (KClassification methods (K--NN)NN)

3. Validation for model stability and 3. Validation for model stability and predictivitypredictivity (internal and (internal and 

external validation)external validation)

4. Applicability Domain Analysis: 4. Applicability Domain Analysis: 

�� leverage approach (MLR)leverage approach (MLR)

�� descriptors space (Classification)descriptors space (Classification)

5. Interpretation of the selected molecular descriptors, if poss5. Interpretation of the selected molecular descriptors, if possible.ible.

Application of the OECD principles for QSAR modelsApplication of the OECD principles for QSAR models
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LOO

%
Q2

EXT

%
AD%

on 220 BFR

LogHLogH Full 7 BEHe7  96.9 93.3 - 61.4

LogKp*LogKp* Full 15 MW 94.9 93.8 - 91.0

LogHLp*LogHLp* Full 15 T(O..Br) 94.4 92.7 - 83.9

RESULTS RESULTS –– QSAR QSAR modelsmodels

E. Papa, S. Kovarich, P. Gramatica, 2009. Development, validation and inspection
of the applicability domain of QSPR models for physico-chemical properties of 
polybrominated diphenyl ethers. QSAR & Comb. Sci., 28, 790-796.

PhysicoPhysico--chemicalchemical and and degradationdegradation PropertiesProperties

* Photodegradation



Model for Log Model for Log KoaKoa

LogKoa=LogKoa= 6.658 +0.222 T(O...Br)6.658 +0.222 T(O...Br)

Experimental range of LogKoa: 7.34 (mono-BDE) – 11.96 (hepta-BDE)
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Exp. vs. Pred. data
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Author Method n° obj. n° vars R
2
% Q

2
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Q
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EXT % 

(rand50%)

RMSE (30 

obj.)

Papa et al. (2009) MLR 30 1 97,37 96,68 95,17 0,25

Xu et al. (2007) MLR 22 2 97,61 97,25  - 0,31

Chen et al. (2003) PLS 13 10 98,13 97,59  -  -

PredictedPredicted and and ExperimentalExperimental data for 30 data for 30 PBDEsPBDEs

RMSE 25obj

KoaWIN 0,47

Papa et al. (2009) 0,23

Xu et al. (2008) 0,21
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ComparisonComparison withwith existingexisting modelsmodels

YYPapaPapa = = PredictionsPredictions byby ourour model (model (rangerange Log Log KoaKoa: 7.32 : 7.32 –– 15.09)15.09)

YYEpisuiteEpisuite = Predictions by KoaWIN (= Predictions by KoaWIN (∆∆max = 3.33 log max = 3.33 log unitsunits; ; rangerange Log Log KoaKoa: 6.81: 6.81--18.23)18.23)

YYXu Xu = Predictions by Xu et al. (2007) (= Predictions by Xu et al. (2007) (∆∆max =1.06 log units; range Log max =1.06 log units; range Log KoaKoa: 7.4: 7.4--15.73)15.73)

n°bromine increase = ∆∆∆∆ increase

PredictionsPredictions for 209 for 209 PBDEsPBDEs
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The The samesame descriptordescriptor, i.e. , i.e. T(O...Br),T(O...Br), was selectedwas selected

asas the best the best modelingmodeling variablevariable forfor threethree differentdifferent

propertiesproperties whichwhich are are relatedrelated toto eacheach otherother

((LogPLogPLL, , LogKoaLogKoa, LogKowLogKow, LogLogHLHLpp).).

ThisThis descriptordescriptor givesgives a a doubledouble structuralstructural informationinformation::

itsits valuesvalues increasesincreases accordingaccording toto bothboth thethe numbernumber and and 

the the distancedistance of of brominebromine substituentssubstituents fromfrom the the oxygenoxygen

etherether, on , on eacheach phenylphenyl ring. ring. 

ThusThus, , T(O...Br)T(O...Br) takes also into account the information takes also into account the information 

related to therelated to the position of the bromine atoms on the position of the bromine atoms on the 

phenyl ringsphenyl rings..

RESULTS RESULTS –– InterpretationInterpretation of of descriptorsdescriptors



RESULTS RESULTS -- PhysicoPhysico--chemicalchemical and and degradationdegradation PropertiesProperties

EvaluationEvaluation of environmental of environmental 

behaviourbehaviour of BFRsof BFRs

5 <LogKow<7

ResistanceResistance toto PhotodegradationPhotodegradation / / MobilityMobility

RiskRisk forfor

tritri--pentapenta BDE!!BDE!!



END-POINT N°EXP DATA SOURCE

T4-TTR comp T4-TTR Competition Potency 29 Hamers et al. (2006,2008)

E2SULT inh E2SULT Inhibition Potency 29 Hamers et al. (2006,2008)

RESULTS RESULTS –– QSAR QSAR modelsmodels ofof Endocrine Endocrine DisruptingDisrupting PotencyPotency

DATA SETSDATA SETS

CRITERIA POTENCY

Response < 20% of control no potency

IC50 > 10 µM & resp > 20% of control low potency

1.0 µM < IC50 < 10 µM moderate potency

0.1 µM < IC50 < 1.0 µM high potency

0.01 µM < IC50 < 0.1 µM very high potency

Classification Classification criteriacriteria accordingaccording toto Hamers et al. (2006)Hamers et al. (2006)

NO POTENCYNO POTENCY

LOW/MODERATE LOW/MODERATE 

POTENCYPOTENCY

(VERY) HIGH (VERY) HIGH 

POTENCYPOTENCY

Classification Models
(k-NN Method)

Classification Classification ModelsModels

((kk--NNNN MethodMethod))

EXTERNAL VALIDATION * on split dataEXTERNAL VALIDATION * on split data

* P. P. GramaticaGramatica, Principles of QSAR models validation: internal and external , Principles of QSAR models validation: internal and external 

QSAR QSAR Comb.SciComb.Sci.. 2007, 26(5), 6942007, 26(5), 694--701701



RESULTS RESULTS –– Endocrine Endocrine DisruptorDisruptor PotencyPotency

T4T4--TTR TTR CompetitionCompetition

Model K nTR nP NER% NEREXT%

Full 3 29 - 93.1 -

Split 3 19 10 89.5 90

DISPv qpmax

GeometricalGeometrical

descriptordescriptor
ChargeCharge

descriptordescriptor

E2SULT E2SULT InhibitionInhibition

Model K nTR nP NER% NEREXT%

Full 1 29 - 89.6 -

Split 1 21 8 76.2 100

HATSv F08[Br-Br]
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ApplicabilityApplicability domaindomain T4T4--TTRTTR

(VERY) HIGH(VERY) HIGH

POTENCYPOTENCY

LOW/MODERATELOW/MODERATE

POTENCYPOTENCY

NO POTENCYNO POTENCY

qpmaxqpmax

D
I
S
P
v

D
I
S
P
v

--OHOH

[2,2[2,2’’,6,6,6,6’’]]

--CHCH33

C1 C1 expexp C2 C2 expexp C3 C3 expexp

C1 C1 predpred C2 C2 predpred C3 C3 predpred
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OHOH--MetabolitesMetabolites

OrtoOrto--substitutedsubstituted



ConclusionsConclusions

•• Predictive models were developed Predictive models were developed adad--hochoc for several for several 

physicophysico--chemical properties, degradation parameters chemical properties, degradation parameters 

and endocrine disrupting potency of BFR, according to and endocrine disrupting potency of BFR, according to 

the OECD principles for QSAR. the OECD principles for QSAR. 

�������� simplicity (few descriptors)simplicity (few descriptors)

�������� external validationexternal validation

�������� AD analysis for more then 200 BFRsAD analysis for more then 200 BFRs

•• Our QSARs could be used to fill data gaps according to Our QSARs could be used to fill data gaps according to 

the new REACH regulation, they can facilitate the the new REACH regulation, they can facilitate the 

screening and prioritization of chemicals as well as to screening and prioritization of chemicals as well as to 

help the search for alternative/safer chemicalshelp the search for alternative/safer chemicals
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PhysicoPhysico--chemicalchemical and and degradationdegradation PropertiesProperties

END-POINT
N°EXP 
DATA

SOURCE

H Henry’s Law Const. [Pa m3/mol, 

25°C]
7 Cetin and Odabasi (2005)

TM Melting Point [°C] 25

Marsh et al. (1999); Tittlemier et al.
(2002); 
Palm et al. (2002); Kuramochi et al.
(2007)

PL Vapour Pressure [Pa, 25°C] 34
Wong et al. (2001); Palm et al. (2002);   
Wania and Dugani (2003)

S Water Solubility [mol/L, 25°C] 12 Tittlemier et al. (2002)

LogKoa Octanol-Air Partition Coef. 30
Harner and Shoeib (2002); Wania et al.
(2002);  Gouin and Harner (2003) 

LogKow Octanol-Water Partition Coef. 20
Palm et al. (2002); Wania and Dugani
(2003) Braekevelt et al.
(2003);Kuramochi et al. (2007)

KpPhotodegradation Rate 15 Eriksson et al. (2004)

HLpPhotodegradation Half-Life 15 Eriksson et al. (2004)

DATA SETSDATA SETS
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