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Di(2Di(2 Eth lh l) Phth l t (DEHP)Eth lh l) Phth l t (DEHP)Di(2Di(2--Ethylhexyl) Phthalate (DEHP) Ethylhexyl) Phthalate (DEHP) 
in Children’s Productsin Children’s Products——1980’s1980’sC d e s oductsC d e s oducts 980 s980 s

•• National Toxicology Program (NTP)National Toxicology Program (NTP)National Toxicology Program (NTP) National Toxicology Program (NTP) 
found liver tumors in mice & ratsfound liver tumors in mice & rats

•• CPSC initiated rulemaking processCPSC initiated rulemaking process•• CPSC initiated rulemaking processCPSC initiated rulemaking process
•• Chronic Hazard Advisory Panel (CHAP)Chronic Hazard Advisory Panel (CHAP)
•• Voluntary ban in teethers, rattles, and Voluntary ban in teethers, rattles, and 

pacifiers (1985)pacifiers (1985)
–– Later incorporated by ASTM FLater incorporated by ASTM F--963963

•• DEHP replaced by DINPDEHP replaced by DINP
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DiisononylDiisononyl Phthalate (DINP) inPhthalate (DINP) inDiisononylDiisononyl Phthalate (DINP) in Phthalate (DINP) in 
Children’s ProductsChildren’s Products

•• CPSC petitioned to ban PVC in children’s CPSC petitioned to ban PVC in children’s 
d t (1998)d t (1998) Phth l tPhth l t PbPb CdCdproducts (1998)products (1998)——Phthalates, Phthalates, PbPb, , CdCd

•• Phthalates voluntarily removed from Phthalates voluntarily removed from 
teethers & rattles (1999)teethers & rattles (1999)

•• To assess the potential DINP risk, CPSC:To assess the potential DINP risk, CPSC:p ,p ,
–– Convened a CHAPConvened a CHAP

Study of children’s mouthing activityStudy of children’s mouthing activity–– Study of children s mouthing activityStudy of children s mouthing activity
–– Laboratory method for DINP migrationLaboratory method for DINP migration
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DINP in Children’s ProductsDINP in Children’s Products

•• CHAP (2001)CHAP (2001)
–– Cancer risk was “negligible or nonCancer risk was “negligible or non--existent”existent”
–– DINP posed a “minimal to nonDINP posed a “minimal to non--existent risk”  existent risk”  

b d h i li t i itb d h i li t i itbased on chronic liver toxicitybased on chronic liver toxicity
•• CPSC: DINP in soft plastic toys, teethers, & CPSC: DINP in soft plastic toys, teethers, & 

rattles not hazardous to children (2002)rattles not hazardous to children (2002)
•• Petition to ban PVC in children’s articles Petition to ban PVC in children’s articles 

denieddenied
•• One phthalate; one source of exposureOne phthalate; one source of exposure
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Consumer Product Safety Improvement ActConsumer Product Safety Improvement ActConsumer Product Safety Improvement Act Consumer Product Safety Improvement Act 
(CPSIA) Section 108(CPSIA) Section 108

•• Effective February 2009Effective February 2009
P t BP t B•• Permanent BanPermanent Ban
–– DBP, BBP, and DEHP (>0.1%)DBP, BBP, and DEHP (>0.1%)

Child ’ t d hild ti lChild ’ t d hild ti l–– Children’s toys and child care articlesChildren’s toys and child care articles
•• Interim BanInterim Ban——Pending Review by CHAPPending Review by CHAP

–– DINP, DIDP, DNOP (>0.1%)DINP, DIDP, DNOP (>0.1%)
–– Children’s toys that can be placed in a child’s Children’s toys that can be placed in a child’s 

th d hild ti lth d hild ti lmouth and child care articles mouth and child care articles 
•• CHAP on Phthalates & SubstitutesCHAP on Phthalates & Substitutes
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lk llk l h h l (h h l ( ’ )’ )DialkylDialkyl o o --Phthalates (Phthalates (o o --DAP’s)DAP’s)

•• ≥ 30 Commercial ≥ 30 Commercial oo--DAP’sDAP’s
•• Metabolites of 10Metabolites of 10 oo--DAP’sDAP’s

O
Metabolites of 10 Metabolites of 10 oo DAP s DAP s 
detected in human urinedetected in human urine

•• ~90% used as PVC plasticizers~90% used as PVC plasticizers
OR

OR'pp
•• ~10% as plasticizers for other ~10% as plasticizers for other 

plastics, solvents (esp. diethyl & plastics, solvents (esp. diethyl & 

OR

O
dimethyldimethyl))

•• Viscous liquids, hydrophobic, low vapor pressureViscous liquids, hydrophobic, low vapor pressureViscous liquids, hydrophobic, low vapor pressureViscous liquids, hydrophobic, low vapor pressure
•• PhysicoPhysico--chemical propertieschemical properties——carbon backbone carbon backbone 

length, branchinglength, branching——affect uses & biological effectsaffect uses & biological effects
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ff lk llk l h h lh h lTypes of Types of DialkylDialkyl o o --PhthalatesPhthalates

•• ShortShort--chain/low molecular weightchain/low molecular weight
–– DimethylDimethyl, diethyl, diethylyy yy
–– Solvents, plasticizers for Solvents, plasticizers for cellulosicscellulosics

•• Transitional/medium weightTransitional/medium weightTransitional/medium weightTransitional/medium weight
–– DibutylDibutyl, , butylbenzylbutylbenzyl, DEHP, DEHP
–– Solvents or PVC plasticizersSolvents or PVC plasticizersSolvents or PVC plasticizersSolvents or PVC plasticizers

•• LongLong--chain/high weightchain/high weight
DINP DIDPDINP DIDP–– DINP, DIDPDINP, DIDP

–– PVC plasticizersPVC plasticizers
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Branched and Linear PhthalatesBranched and Linear PhthalatesBranched and Linear PhthalatesBranched and Linear Phthalates

•• IsoIso--alcohols alcohols 
–– >6 carbons ≡ mixture of isomers>6 carbons ≡ mixture of isomers
–– DINP, DIDPDINP, DIDP
–– Multiple processes yield different mixtures, & Multiple processes yield different mixtures, & p p y ,p p y ,

unique CAS numbersunique CAS numbers
•• Linear alcohols may contain significant Linear alcohols may contain significant y gy g

amounts of branched chain impuritiesamounts of branched chain impurities
–– Branched chain alcohols may contain significant Branched chain alcohols may contain significant a c ed c a a co o s ay co ta s g ca ta c ed c a a co o s ay co ta s g ca t

amounts of straight chain impuritiesamounts of straight chain impurities
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ff ’’Toxicity of Toxicity of oo--DAP’sDAP’s

•• Acute toxicity; skin & eye irritation, Acute toxicity; skin & eye irritation, 
sensitizationsensitization——generally low; not generally low; not genotoxicgenotoxic

•• Focus on chronic/Focus on chronic/subchronicsubchronic effectseffects
•• Liver & kidney most common targetsLiver & kidney most common targets•• Liver & kidney most common targetsLiver & kidney most common targets
•• PPARPPARαα

P i lif ti li tP i lif ti li t–– Peroxisome proliferation; liver tumorsPeroxisome proliferation; liver tumors
–– May be required for some toxic effects May be required for some toxic effects 

•• Other tumorsOther tumors——MNCL, testes, kidneyMNCL, testes, kidney
•• Reproductive/developmental effectsReproductive/developmental effects
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Target Organs for Selected o DAP’sTarget Organs for Selected o-DAP s
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PPARPPARαα ActivationActivation In VitroIn VitroPPARPPARαα Activation Activation In VitroIn Vitro
Bility et al. 2004
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Peroxisome Proliferation Peroxisome Proliferation in Vivoin Vivo
20

y Barber et al. 1987
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“ h h l d ”“ h h l d ”“Phthalate Syndrome”“Phthalate Syndrome”

•• Certain phthalates inhibit testosterone Certain phthalates inhibit testosterone 
production in rodentsproduction in rodents

•• Profound effects in male pups during late Profound effects in male pups during late 
gestation (“gestation (“perinatalperinatal exposure”)exposure”)gestation (gestation ( perinatalperinatal exposure )exposure )
–– Juvenile & adult males & female fetus less Juvenile & adult males & female fetus less 

sensitive sensitive 
•• Linear C3 Linear C3 –– C6 C6 oo--DAP’s or branching at C2DAP’s or branching at C2
•• Effects of multipleEffects of multiple oo DAP’s are additiveDAP’s are additive•• Effects of multiple Effects of multiple oo--DAP s are additive DAP s are additive 

((HowdeshellHowdeshell et al. 2008)et al. 2008)
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Phthalates Syndrome (2)Phthalates Syndrome (2)
ActiveActive

Di-n-propyl phthalate Di-iso-butyl phthalate

Di n butyl phthalate Di sec butyl phthalateDi-n-butyl phthalate Di-sec-butyl phthalate

Di-n-pentyl phthalate Butyl benzyl phthalate

Di h l hth l t Di(2 th lh l) hth l tDi-n-hexyl phthalate Di(2-ethylhexyl) phthalate

Diisononyl phthalate

Inactive

Di-n-heptyl phthalate Di-n-octyl phthalate

Dimethyl phthalate Di-t-butyl phthalate

Diethyl phthalate Terephthalates, isophthalates
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Epidemiological StudiesEpidemiological StudiesEpidemiological StudiesEpidemiological Studies

•• Duty et al. 2003, 2004; Duty et al. 2003, 2004; JonssonJonsson et al. 2005et al. 2005
–– Effects on semen qualityEffects on semen quality

•• Swan et al. 2005Swan et al. 2005
–– Reduced Reduced anogenitalanogenital distance (AGD)distance (AGD)

M i t l 2006M i t l 2006•• Main et al. 2006Main et al. 2006
–– CryptorchidismCryptorchidism (no association)(no association)

Hormone levelsHormone levels–– Hormone levelsHormone levels

•• Zhang et al. 2009Zhang et al. 2009
–– Reduced birth weightReduced birth weightReduced birth weightReduced birth weight

•• Suggestive, but no causal linkSuggestive, but no causal link
–– Confounded by multiple phthalate exposuresConfounded by multiple phthalate exposures
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Biomonitoring DataBiomonitoring Data

•• Urinary MetabolitesUrinary Metabolites
–– Robust data for general populationRobust data for general populationg p pg p p
–– Limited data for children < 3 years old, expectant Limited data for children < 3 years old, expectant 

mothersmothers
–– 10 Phthalates, 21 metabolites10 Phthalates, 21 metabolites

•• NHANESNHANES
•• National Children’s StudyNational Children’s Study

–– To obtain data from conception through childhoodTo obtain data from conception through childhood–– To obtain data from conception through childhoodTo obtain data from conception through childhood
•• Biomonitoring studies in Canada & EuropeBiomonitoring studies in Canada & Europe
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Sources of ExposureSources of ExposureSources of ExposureSources of Exposure
•• FoodFood——Background, processing, packagingBackground, processing, packaging

•• Personal care products (lower MW)Personal care products (lower MW)
•• Medical devices (DEHP)Medical devices (DEHP)Medical devices (DEHP)Medical devices (DEHP)

–– SubpopulationSubpopulation
•• Automobile InteriorsAutomobile Interiors•• Automobile InteriorsAutomobile Interiors
•• Consumer ProductsConsumer Products

–– Home furnishings, fragrance productsHome furnishings, fragrance products
–– Children’s products (preChildren’s products (pre--CPSIA)CPSIA)

•• EnvironmentEnvironment
–– Ambient air, indoor air, water, household dustAmbient air, indoor air, water, household dust
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Ch i H d Ad i P l (CHAP)Ch i H d Ad i P l (CHAP)Chronic Hazard Advisory Panel (CHAP)Chronic Hazard Advisory Panel (CHAP)

•• Consumer Product Safety Act (CPSA) Consumer Product Safety Act (CPSA) 
•• Cancer birth defects & gene mutationsCancer birth defects & gene mutationsCancer, birth defects, & gene mutationsCancer, birth defects, & gene mutations
•• Seven independent scientists who:Seven independent scientists who:

–– Selected by CPSC from a list ofSelected by CPSC from a list of ≥≥ 2121Selected by CPSC from a list of Selected by CPSC from a list of ≥≥ 21 21 
nominated by National Academy of Sciencesnominated by National Academy of Sciences

–– Possess the required expertisePossess the required expertisePossess the required expertisePossess the required expertise
–– Not employed by the federal government, Not employed by the federal government, 

except NIH, NTP, or NCTRexcept NIH, NTP, or NCTRpp
–– Not associated with manufacturersNot associated with manufacturers

•• Members select a Chair and ViceMembers select a Chair and Vice--ChairChair
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2010 CHAP on Phthalates2010 CHAP on Phthalates2010 CHAP on Phthalates2010 CHAP on Phthalates

For all phthalates used in children’s products:For all phthalates used in children’s products:For all phthalates used in children s products:For all phthalates used in children s products:
•• All potential effects on children’s health All potential effects on children’s health 

–– Including endocrine disruptionIncluding endocrine disruption–– Including endocrine disruptionIncluding endocrine disruption
•• Individual and cumulative risksIndividual and cumulative risks
•• Estimate exposure to children pregnantEstimate exposure to children pregnant•• Estimate exposure to children, pregnant Estimate exposure to children, pregnant 

women, and otherswomen, and others
•• Total phthalate exposure from:Total phthalate exposure from:•• Total phthalate exposure from:Total phthalate exposure from:

–– Children’s productsChildren’s products
–– Personal care productsPersonal care productsPersonal care productsPersonal care products
–– All other sourcesAll other sources

•• All routes of exposureAll routes of exposure
25
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CHAP’s ExaminationCHAP’s ExaminationCHAP s ExaminationCHAP s Examination

•• Level of no harm to:Level of no harm to:•• Level of no harm to:Level of no harm to:
–– ChildrenChildren
–– Pregnant womenPregnant womenPregnant womenPregnant women
–– Other susceptible individualsOther susceptible individuals
–– OffspringOffspring
–– Using appropriate safety factorsUsing appropriate safety factors

•• Phthalate alternatives used in children’s Phthalate alternatives used in children’s 
productsproducts

•• Conducted Conducted de novo de novo usingusing
–– All available informationAll available information
–– Objective methodsObjective methods
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CHAP ReportCHAP ReportCHAP ReportCHAP Report

•• CHAP ReportCHAP Report•• CHAP ReportCHAP Report
–– Includes a recommendation whether to ban any Includes a recommendation whether to ban any 

additional phthalates or phthalate alternativesadditional phthalates or phthalate alternativesadditional phthalates or phthalate alternatives.  additional phthalates or phthalate alternatives.  

•• CPSC StaffCPSC Staff•• CPSC StaffCPSC Staff
–– Evaluate CHAP report and recommend whether Evaluate CHAP report and recommend whether 

to ban any additional phthalates or phthalateto ban any additional phthalates or phthalateto ban any additional phthalates or phthalate to ban any additional phthalates or phthalate 
alternatives.alternatives.

–– Recommend to the Commission whether to Recommend to the Commission whether to 
k th i t i b tk th i t i b tmake the interim ban permanentmake the interim ban permanent

27



Ti liTi liTimelineTimeline

•• The CHAP has18 months to complete its The CHAP has18 months to complete its 
examination, andexamination, and,,

•• 6 Months to prepare a final report6 Months to prepare a final report

•• CPSC staff has 6 months to prepare a CPSC staff has 6 months to prepare a 
Commission briefing package (2012)Commission briefing package (2012)
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ffffCPSC Staff ActivitiesCPSC Staff Activities

•• Toxicity reviews of 6 phthalatesToxicity reviews of 6 phthalates
–– DBP, DBP, DEHP, DINP, DIDP, DNOPDBP, DBP, DEHP, DINP, DIDP, DNOP

•• Toxicity reviews of 5 phthalate alternativesToxicity reviews of 5 phthalate alternatives
–– ATBC, DEHA, DINCH, DEHT/DOTP, TOTMATBC, DEHA, DINCH, DEHT/DOTP, TOTM, , , ,, , , ,

•• Review of published exposure dataReview of published exposure data
•• Lab study on plasticizers in children’s toysLab study on plasticizers in children’s toys•• Lab study on plasticizers in children s toysLab study on plasticizers in children s toys

–– ID, concentration, & migration ID, concentration, & migration 
C di t ith f d l iC di t ith f d l i•• Coordinate with federal agenciesCoordinate with federal agencies
–– FDA, CDC, EPA, National Children’s StudyFDA, CDC, EPA, National Children’s Study
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Phthalate SubstitutesPhthalate SubstitutesPhthalate SubstitutesPhthalate Substitutes

•• Potentially very manyPotentially very many
–– NonNon--regulated regulated oo--DAP’s, DAP’s, terephthalatesterephthalatesgg pp

•• Reviewed toxicity for 5 candidatesReviewed toxicity for 5 candidates
–– AcetylAcetyl tributyltributyl citrate (ATBC)citrate (ATBC)Acetyl Acetyl tributyltributyl citrate (ATBC)citrate (ATBC)
–– Di(2Di(2--ethylhexyl) ethylhexyl) adipateadipate (DEHA)(DEHA)
–– DiisononylDiisononyl 1 21 2--dicarboxycyclohexane (DINCH)dicarboxycyclohexane (DINCH)DiisononylDiisononyl 1,21,2 dicarboxycyclohexane (DINCH)dicarboxycyclohexane (DINCH)
–– Di(2Di(2--ethylhexyl) ethylhexyl) terephthalateterephthalate (DEHT)(DEHT)
–– TrioctylTrioctyl trimellitatetrimellitate (TOTM)(TOTM)–– TrioctylTrioctyl trimellitatetrimellitate (TOTM)(TOTM)
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ddInteragency CoordinationInteragency Coordination

CHAP’s review crosses jurisdictionsCHAP’s review crosses jurisdictions
•• FDAFDA Cosmetics food & food packaging medicalCosmetics food & food packaging medical•• FDAFDA——Cosmetics, food & food packaging, medical Cosmetics, food & food packaging, medical 

devices, drugsdevices, drugs
•• EPAEPA——Ambient & indoor air waterAmbient & indoor air waterEPAEPA Ambient & indoor air, waterAmbient & indoor air, water
•• CPSCCPSC——Household furnishings, building materials, Household furnishings, building materials, 

wire & cable, toyswire & cable, toys& , y& , y
•• DOTDOT——Automobile interiorsAutomobile interiors
•• CPSC will request available data from other federalCPSC will request available data from other federalCPSC will request available data from other federal CPSC will request available data from other federal 

agenciesagencies
•• International activitiesInternational activities——Canada, GermanyCanada, Germany
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