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1. Introduction to In silico methods Iin the risk
assessment process

Toxicology

Biologicalactive substancesinteract with bio-molecules,triggering specific mechanismsike the
activation of an enzymecascadeor the openingof an ion channel,which finally lead to a biological
response Thesemechanismsgdetermined by the chemicalcompositionof the relevant substances,
are unfortunatelylargelyunknowrt thustoxicity mustbe studiedexperimentally

It is possibleto usethree typesof approachego assesshe biologicalactivity of amolecule

A Invivo (Latinfor & ¢ A (ihé A ¥ O kejed © éxperimentationusinga whole, living organismas
opposedto a partial or deadorganism

A Invitro techniques(cell culturesor tissueportions)- In vitro (Latinfor within the glassyefersto the
technique of performing a given procedure in a controlled environment outside of a living
organismandinvolvesinvolvesusingtissueculture cells

A Insilicois an expressiorusedto meand LJS NJF andmPuReror viacomputersimulationé

Both animaltestingandin vitro experimentsare time consumingand expensive Additionally,animal
testingis now consideredethically unacceptableby a growingmajority of people Forthesereasons,
and alsodue to improvementsin computationalpower, the scientificcommunity and the industrial
world havestartedto usein silicoapproachespr at leastview them asa possibleviable alternative,
andhavedevelopeda numberof modelsandstrategiesableto predictthe propertiesof compounds

V3.33

N6.5!

In vitro In Vivo In silico
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1. Introduction to In silico methods Iin the risk
assessment process

Preliminary Concepts

Chemoinformaticsconsistsin the ensembleof computationaltools for the managementof chemical
information in order to generateknowledgefrom data, thus facilitating faster and better decisions
Usualchemoinformatictasksincludethe transformationof chemicalinformation into numericaldata
andthe consequentapplicationof mathematicalmethodsto infer chemicalknowledgerelatedto the
similarity/diversity of compounds,or the predictions of physicochemicalpharmacokineticand/or
toxicologicalproperties

Todo this the most adaptedtechniquesare probablyQSARand related statisticalmethods(e.g. Read
Across),that is, the developmentof mathematicalpredictive modelsthat, once validated, can be
usedto proposenew alternativesto chemicalswith toxicologicalissues The high potential of this
technique is widely recognized,and it is even acceptedthat in some casesQSARcould replace
existingbiologicaltests(thisisthe casefor examplein the REACHegislationin Europe)

Advantages and Disadvantages diemoinformatics

Advantagesof QSARand Readacross Disadvantage®f QSARand Readacross

A Quick calculation once a model has been A Sometimesit is difficult to extract direct

generated mechanistianformationfrom thesemethods
A These methods provide fair quantitative A It arrivesfrequentlythat there is not enough
predictionsof toxicity properties experimental data available, and/or the
A Savingf time, resourcesandmoney published data has not been obtained in a
A Completionof Europeandirectivesregarding systematicway (e.g. experimentalconditions
animaltests(3Rs) arevariableandin consequencehey are not

comparable)and thusi it is not usefulfor the
development of specifically adapted QSAR
models

V Refinement of techniquesthat reduce
the animalsuffering

V Reduction in the number of animal
assays

V Replacemenbf animalassays
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1. Introduction to In silico methods Iin the risk
assessment process

Preliminary Concepts

QSAR

Quantitative StructureActivity Relationshipsnodels(QSARsAre mathematicalmodelsin the form of
statistical correlations relating one or more quantitative parameters derived from the chemical
structureto a quantitativemeasureof a particularphysicochemicagbroperty or biologicalactivity.

Fora long period, QSAR®r QSTR$Quantitative Structure ToxicityRelationshipshave been usedin
ecotoxicologyfor risk assessmenand toxicity prediction Ecotoxicityof QSTRsare usedto represent,
explain, and most importantly predict or estimate endpoints of interest by linking the toxicity of
chemicalcompoundgo their chemicalstructuresor properties Therefore the toxicity of an untested
compoundcan be obtained from structurally similar compoundswhosetoxicities have alreadybeen
calculated

A

Molecule Activity
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1. Introduction to In silico methods Iin the risk
assessment process

Preliminary Concepts

The QSARmodelsrequire the characterizationof the moleculesby a set of numerical descriptors
andthe applicationof statisticaltools providingregressionor classificationmodels

There are two main ways to describea chemicalcompound using global descriptors or using
specificfragments

In caseof the chemicalcompoundssomedescriptorsare global,or general suchasmolecularweight
or molecularsize,while the presenceof a certainfragmentmay alsobe usedto describea chemical
compound Thereare many QSARmodelsusingglobaldescriptors but alsoa certainnumberof them
usingfragments

Themoleculardescriptorscanbe classifiedas

w Constitutional descriptors are quite simple they include molecular weight, number of atoms
presentin amolecule(for instancenumberof chlorineatoms), numberof doublebonds,etc.

w Topologicaldescriptors indicate the bonds between atoms, and can be used to representthe
ramificationof the molecule Indeeda moleculecanbe representedasa graph

wCertaindescriptorstake into consideratiorthe electronicchargeof a certainatom, or its polarity.

wSomedescriptorsrefer to the molecularorbitals of the molecule Somedescriptorscalculatethe
energy of the molecularorbitals, for instanceHOMOrefers to the energy of the highestoccupied
molecularorbital, and LUMOrefersto the energyof the lowestunoccupiedmolecularorbital.

wAnother kind of descriptoris the so called physicecchemical Theyinclude LogR lipophilicity, etc.
LogPis the logarithmof the partition coefficientbetweenoctanoland water. Thisdescriptorhasbeen
usedsincethe first QSARnodels,and originallyit wasmeasured Nowadayst is muchmore common
to calculateit.

wThereare programswhich havea list of pre-codified fragments,eventhousandsof them, and the
software checkswhether or not they are presentin the moleculeof interest There are programs
which checkfor the presenceof fragmentsin a moleculewith referenceto a list of fragments these
programsare quite fast, and are often usedto processhuge databasesfor similarity purposes The
pharmaceuticaindustryusesmodelsbasedon fragmentsquite often.
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1. Introduction to In silico methods Iin the risk
assessment process

Preliminary Concepts
2D and 3D0descriptors

We can also distinguishthe descriptorson the basisof the kind of detail neededto representthe
molecule A major difference is between descriptors which need a tri-dimensional (3D)
representationand other descriptors Indeed,somedescriptors suchasthe numberof certainatoms,
or topologicaldescriptors,do not need a 3D representationof the molecule Converselydescriptors
like molecular volume of quantummechanical molecules require a 3D representation of the
molecule

Compounds database

Molecular structures Descriptors calculation Exp.
activity
Structures o MW  Num carbons Num heteroatoms Carbon-hetero ratio Halide count a acc diameter a nH Solubility (mgiL)
O(CC(O)ONCIC)CH Acebutolol 235,43 18 6 3,00 0 5 15 28 560,50
Cic1ccec(Q)c1Nc1Acechfenac 354,18 16 7 229 2 3 12 13 22310
Oc 1ccc{NO(=0)Cj Acetamnophen 151,16 8 3 267 0 2 7 9 090
.. OQ(=0)\C=Cicinc( Acrivastine 24844 2 4 5,50 0 4 12 24 57,20
Training set O=CING=Nc2n(cr Acyclovir 225,20 8 8 1,00 0 5 9 1 6,15
O=CIN(N=NN1CC) Alfentani 416,52 21 9 233 0 8 15 2 4008,80
O(COIO)TNCICICH Alprenolol 249,35 15 3 5,00 0 3 11 23 420,00
O=CIN(N(CYX(C)=¢ Aminopyrine 231,29 13 4 325 0 1 8 17 44420
S1SOC(NC(=0)CN Argpressin 108423 46 29 159 0 14 2 65 685,30
S1C@HRN(IC@E Benzylpeniciin 334,39 16 7 229 0 4 12 18 66,50
Cicicc(cce 1)C(=0 Bupropion 23974 13 3 433 1 2 8 18 3820
SHC@HRN(C(O(C Cefatraine 462,50 18 13 138 0 9 17 18 6,12
Validation set s1ce(nc 1N)IO(=N( Ceftriaxone 554,58 18 18 1,00 0 10 18 18 2315,40
S1[CBHRN(C(CIC Cefuroxime 42439 16 13 123 0 8 14 16 2232 40
S1[CERHIZNC(C(C Cephalexin 347,39 16 8 2,00 0 5 12 17 657,10
ACTIVITY = X ¢t DESCRIPTORI
i=0
Structures 2] MW  Num_carbons Mum_heteroatoms Carbon-hetero ratio Halide count a acc diameter a nH Solubility (mg/L)
CC(Q)C(=O)N[C@ Chioramphenicol 323,13 11 9 122 2 3 11 12 77
Cie1cc2N(e3c(Sc2 Chiorpromezine 31886 17 4 425 1 9 19 227
Feice2e (M C=C(X Cprofioxacin 33134 17 7 243 1 4 1" 18 77
Virtual screening C1ccec(Q)e1NG Clonidine 230,00 9 5 1,80 2 1 7 9 72
O=CICAC@@I2([ Cortisone 360,44 21 5 420 0 5 12 28 77
01ncc2CICR@P3(| Danazol 337,46 22 3 733 0 2 11 27 77
N(CCON1c2¢(CCc? Desipramine 266,38 18 2 9,00 0 1 9 2 77
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1. Introduction to In silico methods Iin the risk
assessment process

Preliminary Concepts

Beforecalculatingthe chemicaldescriptorsor fragments,the chemicalformula hasto be represented
in asuitableway.

Thereare severalwaysto do this. Typicawaysarethe INnCh] SMILE®r sdfformat.
InChlis univocal but sofar lessusedthan SMILESw~hichis simpler

However careshouldbe takenwith SMILE®ecausehere maybe more than one SMILE$or the same
chemical Canonical SMILESare recommendedfor this reason Nevertheless,there are different
formalismsto write the structure within SMILESor instancefor the nitro groupandthe kind of bonds
betweenthe oxygenandnitrogen. Indeed,the bond betweenN and O canbe written asa doublebond
or with a separationof charges N=Oor N+G. Thechemicalmay be readin different ways,generating
differentresults Thusthe usershouldnot mix SMILE®/hich havebeentakenfrom different sources

Other formats, suchassdf, codify the graphof the molecule,and may contain additionalinformation
besideghe chemicalstructure.

COMBASEHs partly funded by the European 51 EI T IRRE Fund in the framework of LIFE
programme environmental policy and governance with grant agreement LIFE15 ENV/ES/416
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1. Introduction to In silico methods Iin the risk
assessment process

Modelling algorithms: classifiers and regression models

Thestructuralactivity correlationcanbe establishedn the basisof two kindsof algorithms

A Thosefor regressiongcontinuousvalue)
A Thosefor classification(findingthe category e.g. the toxicity class)

In fact, in the case of classifiersthe appropriate definition would be SAR,since the purpose of
classifiergs not to obtaina quantitativeevaluation but a category.

Thereis a variety of methodsfor buildingQSARnodels Thesemethodsare calledpattern recognition
methodsbecauseheir aimisto devisealgorithmsthat couldlearnto distinguishpatternsin a dataset.
Theycanbe classifiedas

A Supervisedfor example,Multiple Linear RegressionDiscriminantAnalysis,Partial LeastSquares,
Classificatiorand RegressioTrees,Neural Networks, etc.) or unsupervisedfor example,Principal
ComponentAnalysis, Cluster Analysis, k-Nearest Neighbours Nonlinear Mapping, etc.), where
supervisiorrefersto the useof the responsedatawhichis beingmodelled

A Unsupervisedlearning makes no use of the response, meaning that the algorithms seek to
recognizepatternsin the descriptordataonly.

Theadvantageof unsupervisedearningis the lower likelihood of chanceeffects,due to the fact that
the algorithm is not trying to fit a model On the other hand, supervisedlearning does use the
responsedata and care needsto be taken to avoid chanceeffects Another significant difference
betweensupervisedand unsupervisedearningmethodsis the ratio of compoundg(p) to variables(n)
in a data set When n x p, some supervisedearningtechniquesmay not work due to the failure to
invert a matrix, while others may give a false,but apparentlycorrect, classificationEventhoughthis is
not a problem for unsupervisedmethods, the presenceof extra variablesthat have no useful
information mayobscuremeaningfulpatterns

COMBASEHs partly funded by the European 51 EI T IRRE Fund in the framework of LIFE
programme environmental policy and governance with grant agreement LIFE15 ENV/ES/416
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1. Introduction to In silico methods Iin the risk
assessment process

Modelling algorithms: classifiers and regression models

Classifierand Regressiotechniqguescommonlyusedin QSAR

classification regressions

|

/ x1

« Discriminant Analysis «  Multi Variate Analysis (MVA)
« CART » Partial Least Squares (PLS)
« KNN «  Neural Networks (NN)

*  Fuzzy logic «  Other algorithms

« Bayesian (PCA, Genetic Algorithms)

« Self Organizing Map (SOM)
Support Vector Machine (SVM)

COMBASHs partly funded by the FEuropean 51 EI TIRRE Fund in the framework of LIFE
programme environmental policy and governance with grant agreement LIFE15 ENV/ES/416
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1. Introduction to In silico methods Iin the risk
assessment process

Model validation

Forwhat refersto validationdifferent conceptsareto be takeninto account

Statisticalvalidationof the model (internal validation) If the predictive performanceof modelsis not
statisticallycheckedthereis a seriousriskin usingthe modelto predicta propertyvalue

Models for regulatory purposesrequire stringent validation procedureson the prediction of the
property/effect.

COMBASHs partly funded by the FEuropean 51 EI TIRRE Fund in the framework of LIFE
programme environmental policy and governance with grant agreement LIFE15 ENV/ES/416
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1. Introduction to In silico methods Iin the risk

assessment process

Preliminary Concepts

Readacross

Readacrossis basedin the well-knownd y S A 3 K 6 @ 8zKK @ Ridittl Eemicalsvith common
structural features will show similar physicochemical properties, toxicological (human
health/ecotoxicity effects or environmental fate properties Thus, substancessharing structural
similaritiescanbe groupedtogetherin a chemicalcategory,and oncea group hasbeen established jt
is possibleto useinformation from the data rich membersto fill data gaps Whenthere are not data
enoughto constructQSARnodels,read-acrosss asimpleralternativeto consider

e Neighborhood behavior

i -
® ®
4 4 .
o @ Molecule of the reference set
o< '
‘e ® ® .
. ® @ Molecule to be predicted
- v ° PY
® o
o« ° Cheyriical space
® ® ® o ®

ReadAcross is a techniquefor predictingendpointinformation for one substance(target substance),
by usingdatafrom the sameendpointfrom (an)othersubstance(s)sourcesubstance(s))

Susbstance 1 Target
Property . O
Susbstance 1 Target Susbstance 3
® °

. Reliable values

funded by the
and governance with grant

COMBASHs partly

programme environmental

O Missing values

European 51 ET TIRRE Fund in the framework of
agreement LIFE15 ENV/ES/416
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1. Introduction to In silico methods Iin the risk
assessment process

Preliminary Concepts

Read Across VS QSAR (Comparison)

QshR

A Acaseto-casebasis A Prebuilt model

A Reliability supported by specific A Reliability supported by the applicability
explanation domain

A Supporting data needed (generic and/or A Supportingexamplesrom trainingsets
substancespecific) A Objective output (though it requires an

A Subjectiveexpertassessment evaluationby the expert)

COMBASHs partly funded by the FEuropean 51 EI TIRRE Fund in the framework of LIFE
programme environmental policy and governance with grant agreement LIFE15 ENV/ES/416
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1. Introduction to In silico methods Iin the risk
assessment process

Alternative methods

"ECHA

EUROPEAN CHEMICALS AGENCY

EURL ECVAM

THE EUROPEAN UNION REFERENCE LABORATORY
FOR ALTERNATIVES TO ANIMAL TESTING

ECHA asks registrants to show how they considered alternative methods before
consulting on testing proposals

ECHA/PR/15/13

To further ensure that testing on animals is only done as a last resort, ECHA has started requesting additional
information from registrants who submit new testing proposals for vertebrate animal tests. This follows the
European Ombudsman’s recent decision about ECHA's role in evaluating testing proposals.

Helsinki, 2 November 2015 - ECHA has sent the first requests to registrants asking them to inform ECHA of their
considerations of alternative methods to support their testing propesals involving vertebrate animals. This affects testing
proposals made since 11 September 2015,

COMBASHs partly funded by the FEuropean 51 EI TIRRE Fund in the framework of LIFE
programme environmental policy and governance with grant agreement LIFE15 ENV/ES/416
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1. Introduction to In silico methods Iin the risk
assessment process

Regulatory validity of QSARSs: the OECD rules

It isimportant to underlinethat QSARand read-acrossmodelsare well acceptedby authoritiesfor the
authorization of a chemical compound That is, the application of computational models for
substancesvhosetoxicologicalkffectsare still unknownis only acceptedif the modelsobeyto a set of
rules establishedby authorities and it is not the result of theoretical speculations However,several
retrospectivestudieshave demonstratedthe lack of quality and predictive ability of some previously
developedQSARnodels,therefore openingthe debateon the suitability of their usein a conventional
way (Tropsha Gramatica & Gombay 2003 Gramatica 2013. A critical and impartial rethinking to
assesghe reliability of the computationalmodelsresultsseemednecessary

Accordingto the Organisatiorfor EconomicCooperation and Development{OECDwww.oecdorg/) a
set of generalrules can be defined to help determining whether a QSARmodel is suitable for
regulatory use (OECD, http://www .0ecdorg/env/ehs/oecdquantitativestructure
activityrelationshipsprojectqsafdstm). They are known as "rules of Setubal" becausethey were
derivedat the "International Workshopon the RegulatoryAcceptanceof QSAR$or HumanHealthand
EnvironmentEndpoints”,held in this Portuguesecity in March 2002 Thiseventwasorganizedby two
of the most relevant professional organizationsrepresentingthe chemical industry, namely. the
EuropeanChemicalndustry Council CEFIGn acronymfor its originalFrenchnamedConseiEuropéen
desFédérationge I'Industrie Chimiqug andthe InternationalCouncilof ChemicaAssociationgICCA

Theseprinciplesestablishthat, to facilitate the considerationof a QSARnodelfor regulatorypurposes,
it shouldbe associatedwvith the followinginformation (OECD2007):

A Principlel: a defined endpoint (referred asany physicochemicabiologicalor environmentaleffect
that canbe measuredandtherefore modelled) Theintent of this principleisto ensuretransparency
in the endpoint being predicted by a givenmodel, sincea givenendpoint could be determinedby
different experimentalprotocolsand under different experimentalconditions Ideally, QSARshould
be developedfrom homogeneousiatasetsin which the experimentaldata havebeen generatedby
asingleprotocol.

A Principle 2: an unambiguousalgorithm, to ensure transparencyin the description of the model
algorithm (especiallyin the caseof commerciallydevelopedmodels, sincethis information is not
alwaysmadepubliclyavailablg.

A Principle 3: a defined domain of applicability, since QSARsare limited in terms of the types of
chemicalstructures, physicochemicaproperties and mechanismsof action for which the models
cangeneratereliablepredictions

COMBASEHs partly funded by the European 51 EI T IRRE Fund in the framework of LIFE
programme environmental policy and governance with grant agreement LIFE15 ENV/ES/416
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1. Introduction to In silico methods Iin the risk
assessment process

Regulatory validity of QSARSs: the OECD rules

A Principle 4: appropriate measuresof goodnessof-fit, robustnessand predictivity This principle
expresseshe needto providetwo typesof information: a) the internal performanceof a model (as
representedby goodnessof-fit and robustness),determined by using a training set; and b) the
predictivityof a model,determinedby usingan appropriatetest set.

A Principle 5: a mechanistic interpretation, if possible It is well known that a mechanistic
interpretation of a givenQSARs frequently not possible Neverthelessthe intent of this principleis
to ensurethat, when possible there is an assessmenotf the mechanisticassociationdetweenthe
descriptors used in a model and the endpoint being predicted, and that any associationis
documented

Different institutions in charge of regulatory responsibilitiesworldwide are progressivelyaccepting

theserules Asan example they were adoptedby all membercountriesof the OECDn the "37th Joint

Meeting of the ChemicalsCommitteeand WorkingPartyon ChemicalsPesticidesand Biotechnology"
in November2004 The EuropeanUnion's has also included these rules in the Annex Xl of REACH
Regulation(EuropeanCommission 2006 and in the Annex|V of the BiocidalProductsRegulations
(BPR)EuropearParliamentand TheCouncil 2012), virtuallyunchanged

&) OECD

BETTER POLICIES FOR BETTER LIVES

COMBASEHs partly funded by the European 51 EI T IRRE Fund in the framework of LIFE
programme environmental policy and governance with grant agreement LIFE15 ENV/ES/416
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2. COMBASHEpproach:
of biocidal active sustancias

(eco) toxicological profiling
using QSARmModels

Introduction
the environmental

to the existing software for
effects of chemicals

the prediction of

Referenceis made to : Madden JC,RogiersV, VinkenM. 2014 Applicationof in silicoand in vitro
methodsin the developmentof adverseoutcomepathway constructsin wildlife. Phil Trans R Soc B

369 20130584 http://dx.doi.org/10.1098rstb.20130584

software

ADMET Prenicror

Discovy S (05

http:/fwww simulations-plus.com/Products.
aspx?pID 13

http Jfaccelrys.com ”

notes

estimates many properties relating to ADME and toxicity (including fish and
Daphma aute tn)ﬂcrty} enables new modelstn be bmlt frnm user’s data

clculates molecular descrlpturs and generates {Q}SARS for several Endpulnts

TOPKAT) in cludlng Daphma and ﬁsh tmucrty
CEOSR http www .lap-a'.'gm.r,"l}pptfm!\.'.rch|am5,“tn|3lsf‘r - predlcts acute and chronic tnxlcrty 1o algae Daphma and fish usmgSARsand
21ecosar.htm knowledge of chemical dasses
CATALOGIC http://oasis-Imc.org/products/software/ includes models for predicting environmental fate and acute aquatic toxicity
(ataluglc aspx
CHEMPROP http ffwww ufz, defndex php?en 6?38 “ (hé}ni(él prﬁpeﬁies éstirﬁaiun suftware cﬁ'r'npr'ilsing”a sﬁite uf m.udulles fﬁr
physico-chemical and toxicological endpoints
MCASE{MUIP[} .................. http,"fwwwmultltasecl]m,u" ................................. . aummateﬂmachmueammgmldemfy T
range of toxicity endpoints
T hnps ﬂu(hemeu;’humefshuwdu ............................ S(reen“hemlcalsagalnstkmwnstrmuralalem e
endpoints
 OFCD QSAR Toolbox ~ http/wwwoecd org/env/ehs/risk- tool for category formation and read-acrss; uses ‘profiers’ to enable grouping
assessment/theoecdgsartoolbox.htm
szQSAR .......................... http,"fwwwterrabasemc o mudulespredlcttm(mtlesusmg knuwledgeuf o fragmentsanda .............
neural netwurk apprnach
TEST http ;’;".v.\.rw\.ﬁr..ep-a”guw’nrmrlfstdlqsan’qsé.r. .....  uses seven different methods to predlct acute tuxmty in Daphma and fish {and ”
htm#TEST uther endpoints)
ToProa ' http ffappg.l'deéﬁbnsult net:8080/ToxPredict st of prograrﬁ§ (épable of predlctlng over 50 I:E(I]}tI}J.(.I(I}.iI.}gI(II-i'. Eh't.l'pm'h'ts ”
and properties
. .VE.GA - I h.t.tp:f";"v.\rww..vejéﬂsla.l.r.eu;"abu-u.t—qsa.r.hfml - prm.rldes access to a.serles uf QSAR mudels for predlctlng a range uf tl])(I(ItIES
{ln(ludlng Daphma acute tmﬂuty}
WEBICE http f’f’Epa”g.bﬁﬁéarﬁﬁublf‘fchamlwebmé? ...... estimates acute toxicity to fish, |nvertebraes blrds and mammals usmg -
knowledge from sumogate species
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