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EuxapioTisg

Evy mAnoialel to kAgiolpo evog kKUkAou €€ eTwv oTo Epyaathpio MepIBAAAOVTIKWV XnUIKWY
Algpyaciwy, 6TTou evidxbnka cav TTPOTITUXIOKOG @oITNTAG OTa TTAdiola TG SITTAWUATIKAG YOU £pyacdiag Kal
@elyw pe TNV oOAoKApwan TNG S16AKTOPIKAG Pou BIaTPIRNG, Ba BeAa va euxapIoTHOW PETA ATTO TIG TTAPAKATW

YPOMMEG HIa OEIpd aTTO avOPWITTOUG.

AvavTippnTa, T0 hHEYAAUTEPO €uXapIOTW avAKeEl Tov emMIBAETTOVTA TNG SI6AKTOPIKAG Hou BIaTPIRAG,
KaBnynTA Tou TuAPatog Xnueiag kai putavn Tou MavemoTtnuiou KpAtng, Eupimidn . Ztepdvou. Otcwpw
oNMAvTIKOTEPO atrd OAa 10 OTI € AUTOV XPWOTAW TNV aydTTn JoU yia Thv €peuva. ZTAONKE £vag eCAIPETIKOG
0doKaAog Kkal TTapdAAnAa n aAAnAemidpaon padi Tou ATav TTavTa 1IBIAiITEPA €UXAPIOTN Kal 0€ avBpWITIVO

eTTiTedo.

2Tn OUVEXEIQ, EUXAPIOTW Ta PEAN TNG €EETAOTIKAG ETTITPOTING TTOU agloAdynoav TO EPEUVNTIKO UoOU
épyo, Tov KkaB. ewpyio BaaiAikoyiavvdkn, tnv kab. Kupioki Oegpuol (latpik M.K.), Tov kab. MixanA
Op@avatToulo, Tov kaB. Zmupo Mepyavtr, Tov €11. KA. ATTGGTOAO ZTTUPO Kal ToV KaB. K. NIKOAGO XaviwTdkn
KOl OUVOAIKA TO TUAMA XNUEIAg yia TNV UANIKOTEXVIKA UTTOBOI Kal TOUG avBpwTToug Tou. 2Tov KUplo lMepyavTh
OQPEiAW €va TTIO IBIAITEPO EUXAPICTW YIATI TTEPA OTTO TN GUUUETOXK TOU OTIG £EETAOTIKEG ETTITPOTTEG MOU, Euaba

TTOAAG OTTWG Kal BonBrndnka og BEUaTa acpaToueTpiag palag, Tavra e Tpobuia.

MNa v moAU euxdpiotn kaBnuepivotnta oto EpyacthApio MepIiBaAAOVTIKWV XnUIKWY AlEpyaciwv
TTPETTEl VA ava@epBw o€ TTOAAOUG avBpwTTOUG aAAG EVOEIKTIKG, EUXAPIOTW TTOAU To Ap. Aviwvn KouBapdkn
yla Tn ouvepyaoia kai Tn Borbeia Tou ae 6An Tn SIGPKEIQ TWV PETATITUXIOKWY POU XPOVWY OTTWG Kal TNV
eCaIPETIKA oxéon TTou €xoupe, TN Ap. Mapia ATTooToAdKN TTOU e KaBodRynoe OTa TTPWTA BrKATA JOU OTO
epyaoTnplo, TN Ap. Zogia Kapydkn kail Tov utroyr@io d1ddktopa Mnvé lakwBidn Tmou Toug Bewpw KaAoUg Jou

@iloug AoV Kal OAa Ta TTaIdId PE Ta OTToia OUVEPYAOTNKA AUTA TA XPOVIA.

H mrpayuaToTroinon g rapoucag diatpifn BacioTnke o€ Babud otn cuvepyaaia e Tn JeAETN «PEA»
Tou Topéa Koivwvikig latpikig TnG laTpikrg axoAng Tou M.K.. ©a nBeAa va euxapioTrow TOUG UTTEUBUVOUG TNG
MeAETNG, KaBnynT Mavdoin KoyeBiva (CREAL. BapkeAwvn) kal Tnv 1. kaB. ARda Xatdr, kaBwg kal 6Aoug

TOUG OUVEPYATEG KAl GUMUETEXOVTEG OTN WEAETN.

TENOG, euXOPIOTW TN KUNTEPA POU Kal TO B€io pou yia Tnv aydTn Toug Kal Tn OTAPIEN OTIG ETTIAOYEG

Mou, Toug @iAoug pou Kkai Tn Néva Tou Badicaue XEpI-XEPI TNV TTOPEIa Hag HEXP! TWPA GTO TTAVETTIGTAIO.
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NEPIAHWH

O1 pBaAikoi eaTépeg (phthalate esters, PEs), n dic@aivoAn-A (bisphenol-A, BPA) kal Ta Trapapévia
(parabens, PBs) xpnoiyotrolouvTal eupéwg o€ TTapa TToAAG TTpoidvTa kabnuepivig xpriong. MNapouaidlouv
€VOOKPIVIKF SPACTIKOTNTA KAl GUVOEOVTAI JE apvNTIKEG ETIOPATEIS aTn uyeia. O avBpwITIvOG opyaviouog, agou
€pOel o€ €TTAPN ME AUTEG TIG EVWOEIG, TIG METABOAIZEI KAl TIG aTTORAAEI KUPIWG PEOw TwV oUpwv. Ta etTireda

TWV PeTaBoAITwV oTa oUpa atroTeAoUV PlodeikTeg £kBeanG.

AvaTrTuxenke pia géBodog TTpoadiopiTuoU oKTW PETABOAITWY Twv PE, €€1 PB kai Tng BPA e xprion
uypng Xpwparoypagiag ouleuyuévng pe d1adoxIKr @acpatoueTpia padwyv (liquid chromatography-tandem
mass spectrometry, LC-MS/MS). lNa mpwTtn @opd etmeTelxOn: 1) éva koivéd TTPwWTOKOANO eTTECEPYQTiag
avOpwTTIivwy oUpwV yia Tov TTpoadiopioud petaBoAitwy Twy PEs, PBs kai BPA, 1) o diaxwpiouog Twy igo- /
K- HOP®WV Tou TTPOTTUAO- KaI BoUTUAO- TTapafeviou pe Xprion CUMBATIKAG XPWHATOYPAPIKAG OTAANG UWNANG

amédoong.

H péBodog epapudoTnke oTnv avaAuon delyuaTwy atrd diakdoIeg TPIAvVTa evvéa (239) eyKupovouaoeg
Yuvaikeg, Ta 10ap10ua (239) Taudid Toug oTnv nAIKia Twv 2.5 eTwv Kal atrd Teviakdoia (500) 4-xpova Taidid.
OAa 1a dtopa TnNG MEAETNG gival péAN TNG koOpTNG «PEAX. Ta eTTiTTEda CUYKEVTPWOEWY TWV PETABOANITWV TwV
PEs kai Tng BPA rTav ouykpioiya pe avtioToixeg HEAETEG, TTou BlEEaXOnKav o€ XwpPeg TG Eupwyttng Kai Twv
H.IN.A., evw Ta emiteda Twv PBs Bpédnkav uwnAdTtepa o€ oxéon Pe PeAETN atmd Tn Aavia. H nuepAoia
mpdoAnyn (Daily Intake, DI) katd Tnv eykupgoaUvn ATav uwnAdTePN 0 OXE0N PE TA TTAISIA YIA OAEG TIG EVWTEIG
TTOU €€€TACTNKAY, EKTOG aTTO TO dI-aiBuAo-£§UAO-£aTEPA TOU PBaAIKOU 0&fog (di-2-ethylhexyl phthalate, DEHP)
kal TNV BPA. Ta emitreda Tng Trapapérpou DI ATav XaunAdTepa ota Taidid 4-eTwv 0€ oXE€0N PE AUTA Twyv 2.5
eTwv. AoBeveig ouoxeTtioelg (two-tailed spearman; CC 0.1-0.2; p<0.01) Tapatnprénkav oTIG CUYKEVTPWOEIG
eyKupgoouvng/TTaidiwv 2.5-e1wiv Twv  O1-aibulo-@BaAikol eotépa (di-ethyl phthalate, DEP), &i-BouTulo-
@BaAikoU eoTépa (di-n-butyl phthalate, DnBP), BouTtulo-Béviulo-@BaAikou eoTépa (butyl-benzyl phthalate,
BBP) kai aiBulo-trapafeviou (ethyl paraben, EPB). H ékBeon opadotromnke o€ duo KUpIEG TTNYEG:
TTPOEPXOMEVN aTTO TTAACTIKA UAIKG yia Toug PES/BPA Kkal atd €idn TTPOCWTIIKAG UYIEIVIG-QPOVTIOAS yIa Ta
PBs/DEP(di-ethyl phthalate). H peAétn Tou petaoMiopol Tou DEHP £58¢16e 0TI n €KTAON TOU OXETICETAI YE TNV
nAIKia ka1 To @UAO. H auveiopopd atny €kBean ota PEs aTnv avTiatoixn NUEPATIa TTPOcANYN, HECW TOU aépa

E0WTEPIKOU XWPOU Kal Tou TTOTIUOU VEPOU, ATAV G€ XaUNAd TTOCOOTA WG TTPOG T CUVOAIKH.

AEge1g kKAeIB1A: evOOoKpIvVIKOi dlaTapdKkTeg, BI0dEIKTEG €KBEONG, BIoPAIVOAN-A, TTapaBévia, @OaAIKoi 0TEPEG,

KOOPTN uNTépag-maidiol «PEAy, uypA xpwuatoypagia, didupn @acuaToueTpia Hadag, NAEKTPOWEKATHUOG



ABSTRACT

Phthalate esters (PEs), bisphenol-A (BPA) and parabens (PBs) are used widely in everyday
products. They have endocrine disrupting properties and are linked with adverse health effects. Humans
exposed to these chemicals, metabolize and excrete them mostly via urine. Urinary metabolite concentrations
are used as biomarkers of exposure.

A liquid chromatography—tandem mass spectrometry (LC-MS/MS) method was developed in order
to determine eight PEs metabolites, six PBs and BPA in human urine. For the first time: I) all three categories
of the above endocrine disruptors were simultaneously extracted from human urine and Il) the separation of
two pairs of structural isomers, namely, iso-/n- butyl paraben and propyl paraben was achieved with a

conventional reversed phase LC column.

The developed method was applied to samples from two hundred and thirty nine (239) pregnant
women, their 2.5-year old children (239), and five hundred (500) 4-year old children, all subjects of the “Rhea”
cohort (Crete). Concentration levels of BPA and PEs metabolites were comparable with other studies
worldwide. PBs levels were higher compared to a relevant study conducted in Denmark. We observed for all
examined compounds, except for di-2-ethylhexyl phthalate (DEHP) and BPA, higher median daily intake (Dlu)
for mothers than for their children. DI for 4-year children was lowest compared to the corresponding for 2.5-
year old children. Low correlations (two-tailed spearman; CC 0.1-0.2; p<0.01) were observed for di-ethyl
phthalate (DEP), di-n-butyl phthalate (DnBP), butyl-benzyl phthalate (BBP) and ethyl paraben (EPB)
concentrations between mothers and their children. Exposure was assigned to two main sources: a) plastics
related to PE-BPA and, b) to personal care-hygiene products related to PB and DEP (di-ethyl phthalate).
DEHP metabolism seems to be related to age and sex. Indoor air and drinking water PEs daily intake
represented a small fraction of the total daily intake.

Keywords: endocrine disruptors; exposure biomarkers; bisphenol-A; parabens; phthalate esters; mother-
child cohort Rhea; preschool-age children; liquid chromatography, electrospray ionisation, tandem mass

spectrometry.

10



NEPIEXOMENA

DT )V (o] ¥ o)V o ({1 X PP EUPTR R 13
I T o 1Y/ 001/ o PRSP 15
1.1, EVOOKPIVIKOT OIOTOPGKTE . ...eiuuttttreeeeesiutrereeseeesaassssseeseesssassseseeeaeesaasssssseeeesssassnssesseessaasssssesseeessasssssesses 15
1.2, DOOAIKOT EOTEDPEG ..vvieieeeiiieiieee sttt ettt ettt e ettt sk bt e sttt e st bt e she e e st bt e sab e e eb bt e ahb e e eb bt e eab e e nb bt e aane e st b e e eabeenebeesnneeneneas 16
1.2.1 1516TNTES, XPAOEIS KAI TTNYES EKOEDTIC oottt eteee ettt n e 16
1.2.2. MeTaBoAIGUOS KAl ETTIOPATEIS OTNV UYEIQ . ... c.eeeieiiiiiiiieae e tiiiieit e e e e e e sttt e e e e e s s e e e e e s snaarraeaaee s 17

LR T AN (o 1 Lo (1Y o), o OO SSOPRPP 19
1.3.1 1016TNTES, XPATEIS KAI TINYEG EKOEDTIC .civieiee e e ettt a e et et e e e e e e st e e e e e s et e e e e e e s seanrraeaaae s 19
1.3.2. MeTaBoAIGUOS KAl ETTIOPATEIS TTNV UYEIQ . .....ueeeiiiiiiiiieee e e sieiiiite e e e e e sttt e e e e e s st e e e e e s eeinaraeaaae s 19

L I o (o Yo (S E AT O PO SO SPRPP 20
1.4.1 1016TNTES, XPAOEIS KAI TINYEG EKOEDTIC .cviiiee e ettt a e e e et e e e e e e s e e e e e s e bt e e e e e e s eetarraeaaae s 20
1.4.2. MeTaBoAIOUOS KQI ETTIOPAOCEIS OTNV UYEID ......cuveeiiieie ittt 21

1.5. AVOAUTIKEG TEXVIKEG TTPOTOIOPITUOU OE AVOPWTTIVE OUPD.....veeeeuerrieerireeeeaireeessnneeeesnneesssneeessnneeeennees 22
LD (o) V(o Tl { g Tt ] (o4 o] ] o L PP OPRPP 24
S =717 Y oY o o (1)1 (o TP URRTRRR 24

2. ATTOTEAEOUOTO KO GUGITIION] «eveireieeiuireeeetreee s st e e st e e s e e s ss et e e et e e s e e e s ek e e e antn e e e snn e e e s nn e e e s ennneeennnnes 28
2.1. ETIOKOTINGN KUPIWV OTTOTEAEGHATUIV L.eeiieeieiiiiiteteeeeeestiteeteeeesesatbaeeeaaeesssntataseaaeessansssaseeeeessansnssaneeaeens 28
2.2. Napouciaon aTTOTEAECUATWY TWV ETTIHEPOUG EPYOOTIWIV ....vvviiiiiiiiiieee e 33
A B = o)V o (o (o OO PR 34
A = oYY o (o) (o (O EPRROPPPP 35
2.2.3. EDYAOIA B3 ..ottt 35

ICTRD ATV 7o o (o ¥ o o {o GRS RPP T SUPPPRRRN 37

11



CONTENTS

F Y o] o] (=3 F= o] S ] TP PP 38
N 1011 To [0 Tox o o HO T TP T O TR RO RSP R PUPPPPRN 41
I =t To (o Yot g Lol o 11T (] o) o] £ O ERPTRO 41
1.2 PRENAIATIE ©STETS. ... eeiiiiiiie ittt ettt e e aa e e s e e s et e e e e e e e s e e e nan 41
G B =71 o] 1= T [o ] SR URPTR O 41
R T o 1= g PP P PP PPPRP PRSI 41
1.5 AIM OF the STUAY ..ot e e e e e et e e e e e e e et e et e e e e e e sntbeeeeaeseesansbaees 42
2. Materials and METNOAS .........uvviiiieie e et e e e e 44
2.1 Analytical standards, reagents and CONSUMADIES. .........cooii it a e 44
2.2 Preparation Of STANGAITS .........coiiiiiiiiie et e e e e e e s s e e e e e e s satb e e e eaaeessentbaaeeaaeeesannes 44
2.3 INSITUMENTALION ...ttt et e e et e e s e e e e s e e e an et e e s e e e e s nene e e e e nnn e e e nnne e e s nnneee s 44
2.4 Mass SPECIrOMELrY CONILIONS .......uvuiiiieeiiiiiiiiet e e e e et et e e e e et e e e e e e satb e e e e e aeeesstbasaeeeeeessssaseeaaeesaannes 45
2.5 HPLC CONQITIONS ...ttt ettt ettt et e e st e e sk e e e et e e s e e e s nn e e e e e nnn e e e nnne e e e nnnnee s 46
AT Lol o] [cl o] (=T o F- T = o) o [P SUPPUOPPPPPRN 46
A A N gt 1) (o= I o T=T g (o] 1 1 g F= o (o] 2SS TUP R UOTSPPRRTN 47
AR S IS (010 1Y oo o101 =1 1] o H U SRUT R UUOTPRRRRN 47
2.9 ENVIroNmMENtal SAMPIES ....vviiiiiiiiiiiiiit ettt e e e e e e e et e e e e e e st a e e e e e e e s stbaaaeaaeeesassbneeaaeeeaannes 48
2.10 StAtISHCAlI ANAIYSIS ... eeieeeeie ettt e e e e e et e et e e e e e e s nebeeeeeaeeeaannbeeeeeaeeeaannneeeaaeaeaannes 49
2.11 Comparison with other studies WOrTAWIAE...........cooviuiiiiiie e e e 51
3. RESUIS AN ISCUSSION.....coiiiiiiiiiiee ettt e et e e et e e s nn e e e e nn e e e e ann e e e nnnes 52
3.1 Optimization Of MASS SPECIIOMEIIY ....iiiiiiiiiiiiiiie e e e e e e e e s e e e e e e s st b eeaeeesaaraereaaeeesanes 52
3.2 OptimISAtION Of HPLC ... ..iiiiiiiii ittt e e e e e et e e e e e e st a e e e e e e e s satbaaseeaeeesassasaeeaeeesanes 52
3.3 Optimisation of SAMPIE PrEePAratioN ..........oo.uueiiiii et e e e e e et re e e e e e s annneeeeaeeeaannes 55
I N o F= 1)V i {or= T I o T=T g (0] 1 g F= U (o] TSP UOPPPPPRN 55
3.5 Concentration [EVEIS IN UMNE .........oiiiiiiiiieee et e e es 56
3.6 DEHP MELADOISIT ...ttt et 64
3.7 PatterNS Of @XPOSUIE. ... ..ttt ettt e e e e e et e et e e e e e e s e aabeeeeeaeeeaannbeeeeeaeeesannneeeaaaaeaannns 64

3.8 Estimated daily intake based on urinary metabolites, indoor air and drinking water concentration

Lo PP PU PR PPPRRPTRI 68
4. CONCIUSIONS. ... ettt ettt et e e bt s bt e et e e e b e e et e e st e e b e e et e e bt eer e 72
B REFBIBNCES .. ..ottt ettt 73
F Y o] o= 0 Lo 13 PO PP RS TPPRRT 80
Y o] 0 1= o 3t Q2SO PEPTT 108
Y o] o 1= o [5G USSP EEPTR 137

12



ZUVTOHOYPAPIES

APCI: Xnuikég loviopog uttd Atpoogaipikn MNieon, Atmospheric Pressure Chemical lonization
BBP: 1-BouTulo-2-Béviulo-eaTépag Tou PBaAIkoU o&éog, butyl-benzyl phthalate
BPA: diopaivoAn-A, bisphenol-A

DEHP: 31-aiBulo-£€uho-eaTépag Tou @BaAikoU ogéwg, di-2-ethylhexyl phthalate
DEP: d1-aiBuho eoTépag Tou pBaAikou oféog, di-ethyl phthalate

DI: Huepnoia MpdéoAnyn, Daily Intake

DiBP: d1-igo-BoUTtuAo-e0Tépag Tou @BaAikoU o&éog, di-iso-butyl phthalate

DnBP: d1-k-BoUTulo-eaTépag Tou @BaAikoU oféog, di-n-butyl phthalate

EDs: Evdokpivikoi AlatapdkTteg, Endocrine Disruptors

EFSA: EupwTraikr) Apxi AcpaAeiag Tpogiuwy, European Food Safety Authority
EPB: aiBuho-TrapaBévio, ethyl paraben

ESI: HAekTpowekaopadg, Electrospray ionization

HPLC-MS/MS: High Performance Liquid Chromatography Tandem Mass Spectrometry,
Xpwpatoypagia YwnAng Amédoong ouleuyuévn pe Aladoyikr ®acpatopetpia Madwv

isSoBPB: ico-BouTulo-Trapafévio, iso-butyl paraben
iISOPPB: ioo-rpotTulo-TrapaBévio, iso-propyl paraben

mBzP: pévo-BévCulo-eaTépag Tou @OBaAIKoU o&€og, mono-benzyl phthalate

Yypn

MEHHP: pévo-2-aibulo-5-60-£Eulo-eaTépag Tou @BaAIKoU o&€og, mono-2-ethyl-5-hydroxy-hexyl phthalate

MEHP: povo-2-aiBulo-£Euho-e0Tépag Tou PBaAikoU o&éog, mono-2-ethyl-hexyl phthalate

MEOHP: pévo-2-aiBuho-5-08potu-£Eulo-eoTépag Tou pBaAikou o&€og, mono-2-ethyl-5-oxo-hexyl phthalate

MEP: pévo-2-aibulo -eatépag Tou eBaAIKoU o&éog, mono-ethyl phthalate

mLOD: Opia Avixveuong MeBddou, Method Limits of Detection

MnBP: pévo-2-k-BoUTtulo-e0Tépag Tou PBaAIkoU 0&éog, mono-n-butyl phthalate
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MPB: péBuAo-rapapévio, methyl paraben

nBPB: k-Boutulo-TrapaBévio, n-butyl-paraben

nPPB: K-TTpoTTUAO-TTapafévio, n-propyl paraben

PBs: MNapaBévia, Parabens

PCA: AvdaAuon Kupiwv Zuviotwowyv, Principal Component Analysis

PEs: ®BaAikoi eaTépeg, phthalate esters
RMR: ZxeTikdg MeTaBoAikdg Pubudg, Relative Metabolic Rate

SPE: EkxUAion Ztepeag daong, Solid Phase Extraction
UPLC: Yypn Xpwpatoypagia YtrepuywnAng Atmdodoong, Ultra Performance Liquid Chromatography

USEPA: Auepikavikn YTnpeoia Mpoaotaciag MepiBdAAovTog, U.S. Environmental Protection Agency
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1. EicaywyR

1.1. EvOoKpPIVIKOi OIOTAPAKTEC

O1 evdokpivikoi dlatapdkTeg (endocrine disruptors, EDS) €ival ougieg TTou TTapepfaivouv aTnv opaAn
A€IToupyia Tou opuoVIKOU cucTAUATOG aTa OnAacTikd. O EDs, aAANAETTIOPOUV E QUOIKEG OPUOVEG, OTTWG TNV
€0TpadIOAN, TNV oioTPAVN KAl TV OIOTPOAN, TTou gival UTTEUBUVEG yia TV avaTITuén, Tn CUPTTEPIPOPA Kal Th
dlatripnon Tng opoidoTacng. NMpocdévovTal oe OPUOVIKOUG UTTODOXEIG KAl EITE TOUG €VEPYOTTOIOUV EITE TOUG
QATTEVEPYOTTOIOUV [E TTOIKIAEG €mdpdoelg. H ékBean oTouG evOOKPIVIKOUG SIOTAPAKTEG KATA Ta JIAPKEIQ TOU
«TTPOYPAUUATIOUOU» TOU EVOOKPIVIKOU CUCTAUOTOG UTTOPE va 0dnyroel o€ Joviun aAAayn Tng AeIToupyiag Tou.
AvTIBETWG, N €kBeon katd Tn SIAPKEIA TNG EVNAIKIWONG, YTTOPET va avTIoTABUIOTEl atmd Toug QUAIOAOYIKOUG
OMOIOCTATIKOUG MNXAVIGHOUG Kal €101 YTTOPEI va pnv odnynoel TEAIKG g€ avTioToIXa ONUAVTIKEG TTIOPACEIG
(Vandenberg et al. 2009).

MANBWPA PEAETWV KATADEIKVUEI XNMUIKEG OUCIEG e EVOOKPIVIKA OPACTIKOTNTA, TTOU TTEPIEXOVTAI O
TEPAOTIO APIBUS TTPOIdVTWY gupeiag KatavdAwaong, OTTWG TTAACTIKO, KOAAUVTIKA, @QAPUOKA Kol TPO@IKA
(Rousselle et al. 2013). H avBpwTTivn ékBeon dievepyeital yEOW KATATTOONG (TPOPH ), EIGTTVONG (ATHOOPAIPIKOG
aépag) r depaTIKAG ETTAPNG (TTPOIGVTA TTOU €pYOVTal O€ €TTaPn PE TO dépua), ol EDs petaBoAifovral Kai
amroBdAAovTal atmd Tov avBpwTTIVO Opyavioud Kupiwg péow Twv olpwv. O AvBpwTTog eival TTEPICTOTEPO
€EUAAWTOG OTIG BAOTITIKEG ETTIOPACEIG TOUG KATA TNV £€KBeoN KATA TNV €PPPUIKN {wr) pEow Tou TTAAKOUVTA Kal
Kard Tnv TpwIhn TTaIdIKA nAikia, kabwg emeppaivouv oe didgopa oTddia Tng avarmTuéng (Flint et al. 2012,
Heudorf et al. 2007, Kang et al. 2006, Uzumcu and Zachow 2007).

H dio@aivoAn-A (bisphenol-A, BPA), 1a tmapafBévia (parabens, PBs) kai ol @BaAikoi €0TépEG
(phthalate esters, PEs) eivai amd Toug onuavtikdtepoug EDs. H traykéouia €mioia mapaywyn Tng BPA
avépxeTal o€ 3 ekatoppuplia Tovoug, Twv PES Tdvw atmd 8 ekatoppupia TévVoug Kal gival atto TIg HEYAAUTEPNG
TTapaywyng XNUIKEG ouaieg evw Ta PBs xpnaoipotrolotvTal o€ Tavw atré 13.200 TTOPOOKEUEG YIo OXeOOV KABE
KaAAuvTIKG (Crinnion 2010, Elder 1984, Flint et al. 2012).

O1 PEs cival Blopnxavik@ tpoidvta pe TTOAMEG e@apuoyés. O uwnAou popiakou Bdpoug PEs
XPNOILOTTOIOUVTAl WG TTAACTIKOTTOINTEG KAl 01 XOUNAOU popIakoU BApoug o€ TTPOidVTa TIPOCWTTIKAG PPOVTIOAg
KAl OTN QOAPMAKEUTIKRA. MeAéteg oe Treipaparélwa ouvédeoav Tnv €kBeon oe PES pe emMTTWOEIS OTO
avamopaywyiké ocuoTnua kKol Kapkivoyéveon. O petaBoMiopdg Toug TreplAapBavel Tnv udpodAucn oOToug
QAVTIOTOIXOUG MOVOEOTEPEG Kal akoAouBeital €ite oUleuén PIOG YAOUKOUPOVIKAG opddag eite udpofuAiwon -
TEPAITEPW O&EIdWON TOU POVOEDTEPT TIPIV TN 0UCeUEn. To oUVOAO Twv PETABONITWY aTTORAAAETAI HECW TWV
oupwv (Heudorf et al. 2007).

H BPA xpnoiyoTroigital Kupiwg wg TTAACTIKOTIOINTAG Kal €Xel ouvdebei pe oeipd apvnTIKWV
EMTITWOEWY OTOV AvOPWTTO, OTTWG AVATTAPAYWYIKES - AVATITUEIOKEG BUTAEITOUPYIEG, ETTIOPACEIS OTO GUKWTI
K.a. (Vandenberg et al. 2007). ATTORBAAAETAI PECW TwV OUPWV HE TN HOPPH TWV YAOUKOUPOVISIWHEVWV-

gouA@oviwpévwy PeTaBoAITwy Tng o€ TTooooTo 13-28% , kabwg kai eAelBepn (Kang et al. 2006).
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Ta PBs xpnoigotroloUvTal wg avTIMIKPORIAKA TTPOoBeTa KUPIWG 0T KAAAUVTIKG (TTEpIEXOVTal OXEOOV
o€ 6Aa) (Elder 1984) kai éxouv ouvdeBei e Tov kKapkivo Tou yaaTou (Byford et al. 2002). ATrodAAovTal péow

TWV oUpwV €iTe eAeUBePQ €iTe WG YAUKIVIKE, YAoukoupoviSIKa kail Benkd oulelyuata (Abbas et al. 2010).

H exTipnon NG €kBeong (Kal KATA GUVETTEIQ N oUVOEDN TNG PE DUTUEVEiG emdPATEIg TNV UyEia) yia
TA TTOPOTTAVW XNMIKA YiVETAI PE TN PETPNON TWV EMITTEOWY TWV PETAROAITWY TOUG OTa oupa (BIodeikTeg

¢€kBeong, biomarkers) (Rousselle et al. 2013).

1.2. POaAIKOi £0TEPEC

1.2.1 I6161nTEG, XPNOEIS KAl TTNYES €KOEONC

O1 pBaAikoi eaTépeg (phthalate esters, PES) ival disoTépeg eoTépeg Tou 1,2 BevlodikapBouAikoU ofog.
H yevikn Toug dopn gaiveral atnv Eikéva 1. O1 utrokardoTatng R kal R* ouvhBwg eivai €ite Kupiwg ypaupIKEG

f S1aKAadIoUEVEG AAKUAO- OAUGIDEG €iTE QAIVUAIKEG, KUKAOGAKUAIKEG Kal GAKOEU- OPADEG .

O1 @BaAikoi e0TEPEG XaUNAOTEPOU POPIAKOU BAPOUG Kal PE PIKPEG BIOKAADWOEIG OTTWG 0 PBANIKOG bi-
aiBuAeaTépag (di-ethyl phthalate ester) xpnoigotroloUvTal ekTeTapéva ata KaAAuvtika (Wormuth et al. 2006).
To DEP éxel Bpebei oxedov ae OAa Ta TTPOIdVTA TTPOCWTTIKAG GPOVTIOAS yia Bpéen, TTaidid Kal evAAIKOUG.
EmmAéov, o @BaAIKOG bI-k-BouTuAeoTépag (di-n-butyl phthalate ester, DnBP) kai 0 o @B8aAikdg O1-100-
BoutuAeaTépag (di-iso-butyl phthalate ester, DIBP) civai cuvidn mpdoBeta g KAAAUVTIKA yIa €VNAIKOUG OTTWG

TA APWHATA, TO GAPTTOUAV KAl T TTPOIGVTA TTEPITTOINGNG VUXIWV.

O

OR
OR'

)

Eikova 1. Mevikr] doun @OAAIKWVY 0TEPWV

O1 pBahikoi eaTéPEG UPNAGTEPOU Poplakou Bapoug OTTwg 0 OaAIKOg BouTuhoBeviuleaTépag (butyl-
benzyl phthalate, BBP), o ¢8aAikdg 81-2-aiBulocEuieaTépag (di-2-ethylhexyl phthalate ester, DEHP) aAAd kai
Ta DiBP kai DNBP xpnaiyotroioUvtal o€ TTAAOTIKG, OTTWG Ta 0ATTEda atrd BIVUAIO, 01 Ba®EG Kal GAAO 0IKOOOUIKA
UAIKG, o€ TTaIXVidIa, TTAAOTIKEG OOKOUAEG, yavTia, TratrouTtola Kol o€ atmmopipioclg dépuartog (Wormuth et al.
2006). EmimrpéoBeta, 1o DEHP XpnoiyoTroicital cav TTAACTIKOTIOINTHG O€ KATTOIEG IATPIKEG CUOKEUEG OTTWG Ol
QIGAEG aipaTog Kal o evOOPAEBIOl CWAAVEG.  XOpPOKTNPEIOTIKA avo@EéPETAl OTI UEPIKA POAAAKA TTAAOTIKA
epiExouv £wg 40% DEHP. Xtnv EupwTtrn, Ta TTEPIOOOTEPA TPOPIPA TTOU £PXOVTAI O ETTAQPY PE TTAAOTIKA
mepiEéxouv DEHP ka1 DBP, evw 1o DEHP TrepIEXeTal O€ dnNUNTPIOKE, Wwi, KEIK, ENPOUG KapTToUg, UTTaXapPIKA,
A&dI og TTOOOTNTEG TrEPiTTOU PéEXPI Kal Ta 10mg/kg. To 2003, tmrepioadTepol amd 800.000 tévol @OAAIKWV

xpnoiyotrodnkav otn AuTikil Eupwtn pe 1o DEHP va katahauBaver 1o 24%.
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MpakTiKd, oxedov 6Aa Ta Blounxavikd KATavaAwTIKA TTpoidvTa TTEPIEXOUV GBAAIKOUG £0TEPEG 1 iXvn
TOUG. MapdAo TToU oI CUYKEKPIUEVEG ouaieg JeTaBoAiCovTal TTOAU ypriyopa, n €TTINOAUVON Tou TTEPIBAAAOVTOG
gival onuavTikA eCaITiag TNG EKTETAPEVNG XPMONG TOUG KAl TNG TTAPOUCIag Toug GTn oKOvn, GTO vePd, GTO

£6a@og kal atov agpa (Wams 1987, Wormuth et al. 2006).

1.2.2. MeraBoAioudgs kai eMOPATeIS aTnv uyeia

O1 pBaAikoi dieaTépeG peTaBoAifovTal TaXUTATA GTOV OpYyaVIOUO Tou avBpwTTou o€ dUO KUPIEG PATEIG:
n TPWTN €ival N UBPOAUGCH OTOV AVTIOTOIXO HOVOECTEPA TTOU aKoAouBeiTal atrd Tn 6eUTEPN PACN, TN oUeUEn

ME M1 YAOUKOUpPOVIKA opdda, 0TTwg @aiveral oTnv Eikéva 2 (Calafat et al. 2006).

Mo avaAuTikg, oTn TTPWTN PAcn o0 POAAIKOS diEoTEPAG UBPOAUETAlI OTO KUPIO WETABOAITN TOu, TO
@POAAIKO HOVOEDTEPQ, O€ pia dIadIkaaia TTou KaTaAUeTal eVCUUIKA, aTTé TIG AITTACES KAl TIG EGTEPATESG OTO £VIEPO
Kal oTo TTapéyxupa (ATSDR DEHP 2001, ATSDR DEP 1995, ATSDR DnBP 2001). OtwpnTikd n udpéAucn
Ba £mpeTTe va PeIwveEl Ta eITTEdA TOEIKOTNTAG TwV GOAAIKWY OAAG in vivo Kal in vitro Teipduata £xouv Oeifel
OT1 01 OaAIKOI DIEATEPEG YivovTal TOEIKOTEPOI OTAV UOPOAUOVTAI TTPOG TOUG AVTIGTOIXOUG ovoeaTépes (Heindel
and Powell 1992).

0]
OH
Oy
R o} OH
H Phase Il
OH
0 Hydroxylation Q o
R
o” OH o OH
Phase | O Phase Il (0] OH
o]
‘--_R ‘\..,R
(0] Oxidation 0
Diester phthalate Monoester phthalate Glucuronide conjugate
Phase Il
OH
O‘\.
I
o]

Eikéva 2. MeTaBoAIKE HOVOTTATIO TWV GOAAIKWYV ECTEPWV

O1 oxeTIKG TTOAIKOI KOl XapnAoU popiokoU Bapoug @BaAIKoi 0TEPES atToRAAOVTAl KUPIWG MEoW TWV
oUPWV HE TN HOPYPN TWV POVOECTEPWY, VW O POAAIKOI €0TEPEG UWNASTEPOU PoplakoU Bapoug ugicTavtal
TTEPETAIPW PIOPETATPOTTEG, cupTTEPINaUBavopévng  TNg udpofuliwong kal 0&eidwaong Toug OTn CUVEXEID,
atroBdAlovTal HEow Twv oUPWV A TWV KOTTPAVWY UE TN ouleuypévn poper| Toug (Eikéva 2) (Koch et al. 2004,
Koch et al. 2005). H deUtepn @don karaAletal ammd 10 EvEUUO oupIdIVO-5- BIPua@OYAUKOUPO-HETAPOPACH

atrd TO OTToi0 OXNUATICETal O GULEUYUEVOG UETARBOAITNG.
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O1 @BaAikoi eoTépeg  XapnAou popiakoU BApoug ouvhRBwg eKKpivovTal oTa oUpa PE TN HOPQr TOu
€AeUBEPOU POVOEDTEPA €VW O PEYAAUTEPOU poplakoU Bdpoug ammoBaAlovTal Kupiwg f Kal aTTOKAEIOTIKG
guleuypévol. ZTa avBpwiva oupa 10 70% TOoUu MEP TToU ekkpiveTal givalr ae eAelBepn popen (Silva et al.
2005). Ooov agopd oTto peTaBoAioud Tou DnNBP, 10 6% Tou cuvoAikoU MNBP atroBAAAETAl WG €XEl EVW TO
UTTOAOITTO [E TN YAOUKOUpPOVIOPEVN Hop@r] Tou. Mapdpoia yeTaBoAikd povoTrdaTia £xouv kal Ta DIBP kai BBzP
(Silva et al. 2005).

To DEHP cival o TTAéov XpnoIpoTToIoUhEVOG PBANKOG €0TEPAG KaI ETTITTAEOV €ival aQUTO TTOU €XEI
MeAeTNOei TrepiocdTEPO.  Elogpyduevo oTov opyaviopd peTafoAideTalr TaxuTtata aveCaipéTwg Tov TPOTIO
€kBeong. To TpwTo BANA eival n petatpoTr) Tou DEHP oTov avTioToixo JovoeaTépa, O OTToiog PE TN OEIpd TOU
peTapoAileTar Tayxutata péow Oidgopwy avtidpdoewv ofeidwong. O ouvoAikég peTafoliopog Tou DEHP

Trapouaiaetal otnv Eikéva 3 (Koch et al. 2004, Koch et al. 2005).

P—g
e
HO—CH-CH—{CHelaCHa

G HO- O CH—(CHela-ChHa
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@I OG- wtwja oh I . Eon
O—CHy Q"‘(G‘bl'z CHy —‘-b Lo oH
0 0
Di(2- ethylhexyl)phthalate Mono(2-ethylhexyl)phthalate Phthalic Acid
(ME
G OH G CHy % $
e HOH o R=CHeCH—{CHela-fHCH ", - Chp
R~ CHe-CH—{CHelaChHs P—Ci-CH— e R-CHyGH—(CHoly=CHeOH e R=CHy-CH—CH; {‘,CA,_ CierChy
2-{2-Hydroxyethyl)- 2-(1-Hydroxyethyl)- 2-Ethyl-6-hydroxy- 2-Ethyl-5-hydroxy- 2-Ethyl-4-hydroxy-
hexylphthalate hexylphthalate hexylphthalate Hexylphthalate hexylphthalate
‘ & * (50H-MEHP) ‘

H 2
o0 ok o e po

; ¢0 g ge gre
R=CHe*CH={CHzla"CHa R=CHz CH=(CHeja=CHy R—CHp-CH—{CHela-CO0H FA—CHeCH—(CHele~(-CHa R-CHz CH—ChH-(-CHe-CHa
[2-(Carboxymethyl)- 2-(1-Oxyethyl)- 2-Ethyl-5-carboxy 2-Ethy1—5-oxycr)- 2-Eth\,r|-490xy-
hexylphthalate hexylphthalate pentylphthalate Hexylphthalate hexylphthalate
(2cx-MMHP) (5¢x-MEPP) 5oxo-MEHP)
k4 g \ G o
gook: L Gy £
F-CHe-CH—(CHEJa-CHa Fr=CHy-CH—CH:=000H RGGH—(CHyle-000H A= %
2-Carboxyhexyl- 2-Ethyl-3-carboxy 2-Ethyl-4-carboxy H
phthalate propylphthalate butylphthalate

Eikéva 3. MetaBoAiopdg Tou DEHP. O1 kUpiol petaBoAiteg €ival Toviopévol.

To mEHP &¢gv oxnuarifetal yévo atréd udpdAucn tou DEHP aAAd ptTopei va €10€ABg1 oTOV opyavioud
Kal armd AAAeg TTNyéG. ETtriong avrimmpoowTrelel pévo 1o 10% Tou apxikou DEHP, €xovtag Kal To HIKPOTEPO
XPOVO atmoBoAnRg atrd dAoug Toug UTTOAOITTOUG PETABOAITEG. OTTOTE, 0 HEYAAOG XPOVOG aTTooANG Twv MEOHP

kot MEHHP 1a kaBioTouv e€aipeToug BlodeikTeg emBdApuvong Tou opyaviopou.

H evOoKpIVIKT SpacTIKOTNTA TwV PES QEpPETAI va GUVOEETAI [E WIA OEIPA APVNTIKWY ETTITITWOEWY OTNV
avBpwTrivn uyeia. MeTagu GAAwWYV, ava@EéPOVTal GUOXETIOEIG PE TN MEIWON TOU apIBuoU Kal TNG TToIOTNTAG TWV
oTreppaTolwapiwy, 0TTwG Kal BAAREG 0TO YEVETIKO UAIKO TOU, YEIWON TwV ETITTEDWY TEGTOOTEPOVNG GTO aija,
BavaToug euPpUwWY, KOPKIVOYEVEDEIG, OUCUOP®IeG, OUCAEITOUPYIEG O VveEQPPA Kal NTTAP, KPUWOPXIES,
evoouNTPIWCTEIG Kal TIPOwpPOoUG TokeToUug (Hauser and Calafat 2005, Meeker et al. 2009).
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1.3. Aig@aivoAn-A

1.3.1 1816TNTEC, XPHOEIS KAl TTNYES €KOEONC

H dopn Tng AiocpaivoAng-A (Bisphenol-A, BPA) Trapouacidletal otnv Eikéva 4. H BPA givail éva Aeukd
oTEPED PE ATTIO QAIVOAIKH OOun. 'EX€El TTOAU XauNnAr TaoN aTPWVY Kal XaunAS cuvteAeoTr Aimmo@iAiag (logKow),
uynAdé onueio Céoewg kal PETPIA BlaAutoTnTa. 2uvTéBnke apyikd amd Tov A.P. Dianin, 10 1891 kai

xpnoigotroi|enke apyotepa 10 1930 o€ PeAETEG yIa OUVOETIKA 0I0TPOYOVA.

HaC CHs

HO OH

Eikéva 4. Aopr) BPA

Maykoouiwg, n BPA eival éva atmod Ta eupéwg XPNOIMOTTOIOUUEVA XNMIKA, HE ETACIA TTApAywyr TTou
ayyicel Toug 3.000.000 T6voug, pe 100 atrd autoug va atreAeuBepuwvovtal oTnv atpdoaipa (Flint et al. 2012,
Vandenberg et al. 2007). H BPA, xpnoiyoTroigital aTnv Trapaywyr TTOAUAVOPAKIKWY TTAACTIKWY, PNTIVWY,
€MBPABUVTIKWY QASYAGS KAl QUTOPAPUAKWY. KaTd cuvéTTeia uTTopei va Bpebei o Tapa TTOAAG TTpoidvVTa OTTWG:
TTAOOTIKE, 080VTIKA o@payiopaTtd, TTPoIdvVTa TTPOCWTTIKAG TTEPITTOINONG, BOMIK& UAIKA, KOVOEPRES, PaKoug

ETTOPNG, NAEKTPOVIKEG GUOKEUEG, BEpUIKO XOpTi (aTTOSEICEWV) KATT..

1.3.2. MeraBoAioudc kar eMOPATEIS aTnV UyeEia

H avBpwTrivn ékBeon otn BPA, yiveral kupiwg dia yéoou TnG EIOTIVONG, TNG OEPUATIKAG ETTAPAG Kal
TNG KATATTOONG. ATTOPPOQATAl TTARPWG ATTO TN YAOTPEVTEPIKT 030 KAl OTN GUVEXEIA BIOUETATPETIETAI OTTO TA
évfuua TOU YAOTPEVTEPIKOU CUCTAUOTOG Kal TOUu ATTOTOG. ATTORAAAETl PéOw Twv oUpwv KUpiwg OTh
yAoukoupovidlopévn Kal SEUTEPEUOVTWG 0T COUAPOVIWUEVN Kal EAEUBEPN HOP@I) TNG A HE TNV GOUAPOVIWUEVN

popon (Eikéva 5).

MaparnpwvTtag Tnv dopn TG BPA Kail cuykpivovTag TNV YE auTr)v TnG €0TpadioAng (Eikéva 6), n otroia
atroTeAei QuOikf opudvn, egnyeital n evdokpivikr TNG dpdon (Chouhan et al. 2014, Peretz et al. 2014,
Rochester 2013). H ékBeon otn BPA £xe1 ouvoeBei pe KapdlakEg aoBEveleg, aVWHUAAIEG OTO OUKWTI, HETABOAEG
oTn Asitoupyia Tou Bupeoeidr) adéva, avatTapaywyikd TpofAfuara, dobua, dyxog, Traxuoapkia, diafnTn,

KOPKivVO TOU JaoToU Kal TTPOCTATN.
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Eikéva 5. MetapoAiteg Tng BPA
HO
Eikéva 6. Aopr eaTpadioAng
1.4. MapaBévia

1.4.1 1516TnTES, XPHROEIS KAl TTNYEC €KBEONS

Ta TrapaBévia ammoteAoUv pia opdAoyn oeipd e0TEPWVY Tou TT-UdPOEU-BEVi0ikoU 0&éog. H yevikn doun
TOUG Qaivetal aTnv Eikdva 7. Ta PBs eival ataBepd oe 6An Tnv kKAigaka Tou pH kal eTapkwg SIGAUTE GTO vePO.
> Kabapn pgopen eival piIKpoi, dxpwuol KpUaTaAAol xwpeig yeuon rf ooun. H tdon AirrogiAiag ata PBs, Teivel
va au&dvetal 600 augavetal kal n aAKUAIKA aAuaida Toug. Nevikd eival oTaBepd oTov agpa kai dev udpoAuovtal
o€ 6¢iva dioAupaTa. Ta pikpdTePNS aAuaidag PBs diaAUovTal 0To vepPOd, eV Ta PEYAAUTEPNG O OpPYyavIKoUg

O1aAUTeg (Darbre and Harvey 2008).
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HO

Eikéva 7. levikr) doun PBs

Ta PBs XpnOIUOTIOIOUVTAl WG QVTIMIKPORIOKA ouvTnenTIKE, €I0IKOTEPA KATA TNG POUXAAG KAl TwV
CupwV o€ KAOAAUVTIKA Kal QOPUOKEUTIKA TTPOIOVTa Kal OTNV £TTegepyaaia ToTwy Kal Tpo@igwy (Elder 1984).
Mepovwpéva ) oe ouvduaopoug, Ta PBs xpnolgotroloUvtal o€ mavw amd 13.200 okeudopata. H
avTIMIKPORIoKR Toug dpdaon aufaveral, 660 TO PAKOG TNG AAKUAIKAG aAuaidag aufavetal (Golden et al., 2005).
XpnoiyoTtroiolvtal wg ouvtnenTIKE oTa KAAAUVTIKE, yiaTi xapaktnpi¢ovral armd xaunAni togikétnTta, adpdvela,

€UKOAN Bloatroikodounan, XapunAd K6OTog Kal HEYAAO EUPOG EQAPHOYWV.

Ta PBs TrpogTtiBevral oTta TPOQIUG yIO TTAVW aTTé TTEVAVTA Xpovia. XpnolgoTrolouvial aTnv
emegepyania Aaxavikwy, ota AiTTn Kal oTa €Adia, OoTa uTToKataoTara {axapng, O0TOUG PPOUTOXUHOUG, OTIG
OGATOEG, OTA KATEWUYHEVA YOAAKTOKOMIKA TTPOIOVTA, € CUYKEVTPWOEIG eTagu 450-2000 ppm (Soni et al.
2001a, b, Soni et al. 2005). To péBuAo-Trapapévio (methyl paraben, MPB) uttdpyel Quoik& aTo Aeukd Kpaoi,
oTa Batdépoupa Kal o€ KATTOIA gppouTa Tou dAaooug. ETmiong, 1o k-TrpdTTUAO-TrapaBévio (n-propyl paraben,

nPPB) avixvelBnke oto @uTO Stocksia brahuic.

Emiong xpnoipyotroloUvTtal eupUTtara oTa  KAAAUVTIKE KAl OTA  QOPUOKEUTIKA OKEUAOUATA
OKEUAOUATWY CUUTTEPIAQUBAVONEVWVY avaloONTIKWY, XOTTIWY, CGIPOTTIWY, EVECIUWY SIGAUPATWY. OTTwG €xel
TTpoavagepBei, n €kBean oTov AvBPwWTTO yiveTal HEoW KATATTIOONG, EICTTVOAG KAl OEPUATIKAG ETTAPNG OAAG TO
MeYaAUTEPO TTOO0OTO TNG AvBPWTTIVNG £KBeanG oTa PBS TTpayuaToTToIEiTal HEOW TNG OEPUATIKAG ETTAPNAS KATA

TNV Xprion KaAAuvTIKwv okeuaopdTwy (Darbre and Harvey 2008, Soni et al. 2001a, b, Soni et al. 2005).

1.4.2. MeraBoAiouds kai emOPATEIS aTnv uyeEia

levikd, Ta PBs atroppo@oUvTtal TToAU KOAd a11d To dEpUA Kal 0 E0TEPIKOG BEOUAS TOUG USPOAUETaI aTTO évUupa
TToU ovouddovTtal kapBofuleaTepdoes. H ammoppdenan Toug e€apTdTtal atd To PAKOG TNG AAKUAIKAG aAugidag
KOl PEIWVETAI YE TNV algnon Tou pnkoug Tng. Eite petaBoAifoviar oto Tdpa-Udpogu-Bevioikd ofu eite
oxnuaTtiCouv yAoukoupovikd, Beikd kal yAukivikéd oulelypoata. Téhog, armofdAlovtal ammd Tov avBpwirivo
opyavioud Kupiwg péow Twv oUpwyv (Darbre and Harvey 2008). Ztnv Eikéva 8 @aivovtal kai o1 KUpliol

peTapBoAiteg Twv PBs.
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Eikéva 8. Kupiol petapoAiteg Twv PBs: a) yAoukoupovidiwpévo oueuypa, B) coulpoviwpévo ouleuyua, Y)
TT-udpPOEU-BeVi0ikd 0EU

‘Exel TapatnpnBei 611 TTpokaAouv Tnyv in vitro augnon Twv MCF-7 avBpWITTIVWY KAPKIVIKWY KUTTAPWY
KAl YEVIKOTEPO €XOUV OUOXETIOTEI PE TNV €UPAvION Kapkivou Tou paoTtol. Exel avapepBei 611 TTpokaAolv
OEPUOTIKEG AVTIOPATEIG KAl AAAEPYiEG evd €TTNEEACOUV Ta €TTITTEDA OICTPOYOVWY, PHECW TNG AVOOTOANG TNG
OpAang TNG COUAPOTPAVOPEPACNG HECT OTO KUTOOOAIO TwWV aAvBpwTTIVWY depUATIKWV KUTTApwyv (Crinnion
2010, Darbre and Harvey 2008, Soni et al. 2001a, Soni et al. 2005).

1.5. AVOAUTIKEG TEXVIKEC TTPOODIOPIoUOU 0€ avOpwTTIva oUpa

O1 avaAuTikég péBodol TTou Exouv ava@epBei pEXp! Twpa aTtn BIBAIoypagia, yia Tov TTPOCGdIOPIoUS TwV
peTaBoAiTwy Twv PES, Tng BPA kai Twv PBs , Xpnoigo1roiolV KUpiwg uypr XpwuaToypagia upnAng atrédoong
ouleuypévn e diadoxikn gacuatoueTpia palag (High Performance Liquid Chromatography-Tandem Mass
Spectrometry, HPLC-MS/MS) pe 1Tnyn 1ovTiopou €ite nAekTpowekaoud (electrospray ionization, ESI), €ite
XNMIKG 10viopd atpoo@aipikAg TTieong (atmospheric pressure chemical ionization, APCI) (Dewalque et al.
2014, Nicolucci et al. 2013, Silva et al. 2003, Silva et al. 2004) av kal dev UTTAPYXElI KaPia avagopd yia

Tautéypovn avaAuon Twv TTOPATTAvW evwoewv. ETriong, o dlaxwpIiouog Twv I00PUEPWV K- Kal {00- Twv
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BouTtuho-TrapaBeviou (butyl paraben, BPB) kai PPB éxel etiTeuxBei pdvo e tn xprion uypig Xpwuartoypagiog
uTTEP-uWnAARG ammédoaong (Ultra Performance Liquid Chromatography, UPLC) (MS 2011).

H mmoAIk&TNTa TWV TTPOG PEAETN EVWOEWY, N USATIKF) cUCTACN TWV OUPWV OTTWG Kal N TTEPITTAOKOTNTA
TOUG gav PATPA Kal TEAOG n avdykn yia TTOAU xapnAd opia avixveuong Kal avaAUuoelg peyGAwv aplBuwy
OelyNATWY yIa va KOAUQBOUV 01 avAYKES TWV ETTIONMIOAOYIKWY WEAETWV TTPOKTIKA KABIGTOUV JovOdpOouOo TNV
emAoyry HPLC-MS/MS cav avaAuTikfy peBodoloyia. SUvOoTITIKG, Ol TTEPIOTOTEPEG aVAAUTIKEG peBodoloyieg

arroteAouvTal atré Ta akdAouba dUo oTddIa eTTEEEPYATiag:

A) EvQuuik udpoAucn Twv ouleuypévwy MPeETABOANITWYV eiTe pe Tn Xprion Tou evluupou E.coli B-
glucuronidase yia Tnv pETpnon Twv €AeUBepwyv Kal YAOUKOUPOVIBIOUEVWY UETABOAITWYV €iTE TOu €vCUPOU
H.Pomatia B-glucuronidase, yia Tnv péTPNON Twv €AEUBEPWY, TWV YAOUKOUPOVIOIOUEVWY KAl TWV

OOUAQOVIWPEVWY PETOBOAITWY Twy evidoewyv (Dewalque et al. 2014).

B) KaBapiopdg Twv delyudtwy oUpwv Je eKXUAIoN oTepeds @aong (SPE), site oupBaTikh (Dewalque et
al. 2014) eite autéparn (Silva et al. 2004) ite akdua kai o€ oeipd pe To HPLC-MS/MS (Ye et al. 2005).

1.6. MeAétn «PEA»

H uméBeon o1 Ta gufpuikd Kal TpwiPa yeyovoTta tng Cwhg 0dnyoUv o€ POVIPEG METOBOAIKEG N
avatTuglokEG aAAayég atmd Tnv dekaeTia Tou '80 akopa, YETA ATTd PIO OEIpd ONUAVTIKWY ETTIONMIOAOYIKWV
TTAPATNPACEWV TTOU OUVESECAV TNV Weiwan Tou BApoug yévvnong Ke évav auénuévo Kivouvo aoBevelwv Tng
eVAAIKNG CWNG, CUUTTEPIAANBAVOUEVOU TOU COKXaPwWdOoUG dIaATN TUTTOU-2, Tou PETaBOAIKOU guvdpduou, TNG

uTTéPTOONG, KaI TWV Kapdlayyelokwy TTabioswyv (World Health Organization 2012).

la TV mpowdnon TNG yvwaong aTov Topéa autd aTraiToUvTal JETPROEIG OI OTTOIEG Va €ival akpIBEig Kal va
MTTOpOUV VO avadeiouv TIG AITIOAOYIKEG OXEOEIG HETAEU €KkBeoNG Kal aoBévelag, aAAd Kal va ETTITPETTOUV ThV
O1aTUTTWON CUCTACEWY Kal TNV SIaNOP@WOTN TTONITIKWY dNUOCIAg Uyeiag TTou va BeATILOVOUV TO TTEPIBAAAOV
avamTuéng Twv TTAISIWV KAl VA JEIWVOUV TO KOIVWVIKOOIKOVOUIKO KOGTOG coBapwv Xpoviwv acBeveiwy. O
KATAAANAGTEPOG  OXEDIAOUOG TETOIWV  MEANETWV  €ival N TTPOOTITIKY)  €TMIONMIOAOYIKY HEAETN  UNTEPOG-
TraidioU (mother-child cohort), ota TAgicia Tng oTToiag T6C0 o1 TTEPIBAANOVTIKEG EKBETEIC GO0 Kal N KATACGTACN
uyeiag Twv TTaIdiwy TTapakoAoubouvTal atrd TNV @Acn TG KUNONG PEXPI Kal TNV evnAIKiwan Kai avalntouvTal
OUOXETIOUOI METAEU TOUG. TNV Eupw1rn £X0UV TTpayHaTOTTONBOE OPKETEG TIPOOTITIKEG HEAETEG UNTEPOAG-TTAIBIOU

KATA TIG TEAEUTAIEG OEKAETIEG.

H peAétn Mntépag-Maidiou Kpntng (MeAétn PEA), eival n TpwTn Kai govadikr JEAETN UNTEPAG-TTaIIOU
TToU TTpayuaroTroleital oTnv EAAGda. MepihapBavel Eva deiypa epitmou 1.500 eykUwv yuvaikwyv (EAAnvidwv
Kal aAAOBOTTWIV) 01 OTToiEG Eueivav €ykue KaTd To €106 2008 kal Twv TTaIdIwV Toug TTAEoV, 0T Voo HpakAciou
(Chatzi et al. 2009, Patelarou et al. 2011).
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1.7. 216%x0¢ TNC d1aTPIBAC

O kUplog aTdX0G TNG TTapoucag diatpiBrg ATav n ekTipnon Tng ékBeong ae PEs, PBs kai BPA katd

TNV €URPUIKA Kal

TTPWIUN TTaIdIKA NAIKia yia TpwTn @opd otnv EAAGSa. ApxIKd, N MEAETN €0TIAOTNKE GTNV

avamTuén piag avaAuTikAg ueBodou TTPoadiopIouoU TwV PETARBOANITWV TWV TTPOOAVAPEPBEVTWV EVOOKPIVIKWV

OlATAPAKTWY O€ avBpwTTiva oupa pe Xprion HPLC-MS/MS. Ta emBuuntd XapakTNPIOTIKA TNG aVOAUTIKAG

dladikagiag ATav Ta €EAG:

]
1)

1)
V)

0 TAUTOXPOVOG TTPOCBIOPITUSOG TWV PETAROAITWY Twv PES, PBs kai BPA

0 XPWHATOYPAPIKOG SIOXWPIOUOS TWV I00- Kal K- Icouepwy Twv PPB kal BPB pe xprion
CUMBATIKWV XPWHATOYPOQPIKWY GTRAWVY Kal avTAIV UWnAng amédoong (Xwpig Tn xprion
UPLC)

TNV ETTITEUEN TWV EAAXICTWY dUVATWY OPIWYV AViIXVEUCGNG Kal TTOCOTIKOTTIOINGNG

Kal TEAOG TRV IKAVOTNTA avaAuong peydAou aplBuou delyudTwy

H pébodog TTou avatrTigape eQpapudoTnKe TNV avaAuon JelyPATwy oUpwyv TTPOEPXOUEVWY aTTd

OUMUETEXOVTEG OTN PEAETN «PEA» Kai 1Mo ouykekpipéva atré d1akooleg TpIavTa evvéa (239) eykupovoUoeg

yuvaikeg, atréd Ta dlokooia Tpidvta evvea (239) Taudid Toug oTnv nAiKia Twy 2.5 1wy kal atréd mreviakooia (500)

TTaidid 4 etwv. Ol

V)

Vi)

Vi)

VI
1X)

1.8. BiBAioypagia

EMPEPOUG OTOXOI VIO TNV EKTIMNON TNG €KBEONG ATAV Ol TTAPAKATW:

0 TTPOCBIOPIOHOG VIO TTPWTN @opd oTnv EANGSA Twv emTTédWV peTaBoATwy Twv PES, Twv
PBs kail Tng BPA,

n digpelivnon TNG ax€ong Tng €kBeang TIpiv (eykupoouvn) kal PETA Tn yévvnon (2.5 kai 4
€m),

N €KTiuNoN TNG NUEPRaTIag TTPooAnyng o€ PEs, PBs kal BPA

N EKTIUNON TwV TINYWV €kBEONGg

n ouykpion Twv emTTEdwy €kBeang otnv EANGa pe GAAeG avTIOTOIXEG MEAETEG PEOW
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2. AmoteAéopara Kai cudATROoN

2.1. EmokO1TNoNn KUPiwV aTTOTEAEGUATWY

O apxIkdg OKOTTEG TNG TTAPOUCAS HEAETNG ATAV N AVATITUEN MIOG VEAG aVOAUTIKAG HEBGBOU WOTE va
emTeUXOEi 0 TAUTOXPOVOG TTPOTdIoPICHOG Twy JeTaBoAiTwy Twv PEs, Twv PBs kai Tng BPA og avBpwiva
oupa. H peBodohoyia TTOU avatrTuxOnke TrepIAappdvel Tpia KUpla oTadia: Tnv evCUUIK udpoAuon Twv
OUCEUYHEVWV HOPPWY TWV EVWIOEWV TTPOG MEAETN OTIG AVTIOTOIXEG EAEUBEPEG, TOV KABAPIOUS TWV BEIYUATWYV

oupwv pe SPE kai Tnv avdAuon pe HPLC-MS/MS.

H evqupikA udpéAucn Twv YAOUKOUPOVISIOPEVWYV KAl GOUAPOVIWHEVWV HOPPWV TWV HETARBOAITWY OTA
avBpwTTiva oUpa gival aTTapaitnTn WAOTE VA TTPOCBIOPIOTOUV TA CUVOAIKA ETTITTESA VOGS JETABOAITN HETPWIVTAG
MOVOo Tnv €AelBepn popery Tou. O1 udpoAUcelg TETOIOU TUTTOU £XOUV MWEAETNOEi OTO TTaPAEABOV Kai

TTPOCAPUOOTNKAVY OTIG AVAYKEG TNG TTOPOUCAG JEAETNG.

2Tn ouvéxela, 000nke éu@acn atnv BeATIOTOTTOINCON €vOG TTPWTOKOAOU eTTEEEPYaTiag KabBapiouou
TWV OEIYUATWY oUpwv TTou va TTANPoi TIG €EAG TTPOUTTOBEOEIC: IKAVOTTOINTIKA QAVAKTNON KAl TwV TPIWV
KATNYOPIWV  EVOOKPIVIKWYV JIOTAPPAKTWY, ETTOPKNA KOBAPIONS Twv OJelyudTwy oUpwv  Kal  IKavoeTnTa
Tautdxpovng avaAuong Tou HEYIOTOU apiBuol delyudTtwy ue Tov Olabéaiyo eEomAioud tou EMEXHAI H
TeAeuTaia TTpoUTIO0e0n emTEBAAAE Tnv emAoy TNG SPE Adyw TnG ouvToung £Tegepyaaiag, TNV €UTTAOKN
avaAwaoipwy piag xprioewg (cwAnveg falcon, @uaoiyyia SPE) kal Tnv Tautdxpovn avaAuon TTOAAWY delypdTwy
oTo idlo SPE manifold (cuokeur] 61rou cuvdéovTal 12 i kal TTepIoccOTEPA QuUaiyia SPE kal epapudleTal Kevo
yla Tn puBuion NG por|g). To TTPpwTOKOAAO TTOU avaTiTUXOnKe pe Xprion TTpoevepyoTroinuévwy cartidge Agilent
Nexus, KaTtakpaTnoe OTTOTEAEOUATIKG TOug pETaRoAiTeg Twv PEs, ta PBs kai tnv BPA evw Tta &ciypata
KaBapioTnKav atroTeAEOUATIKA, KATI TTOU OtV gixe avapepBei péxpr Twpa atn BiBAloypagia. Ogov agopd oTn
XPWUOTOYPAPIK) avaAUCT), apevOs O YEVIKOG OTOXOG ATAV N TauTdXPOoVN avaAuon Twy peTaBoAiTwy Twy PEs,
Twv PBs kai 1ng BPA kai agetépou o Siaxwpiopog Twv 100- Kal K- IcopEpWY Twv PPB kai BPB, pe xprion

CUNBATIKWYV XPWHATOYPAPIKWY GTNAWVY KAl AVTAIWV.

Ta cuyKekpIPEVa I00PEPN Eixav dlaxwploTei 0To TTapeABOV povo ue xprion UPLC. To kUpio TpoRAnua
ME auTd Ta dUo 1IoouePn gival OTI divouv akpIBwG Ta idIa IBVTA OTO QACUATOYPAPO PAJAG KAl KATA GUVETTEIQ O
SlaxwpIoPog Toug PacifeTal atmmokAeIoTIKG OTn XpwuaTtoypagia. Ta TeAikd atroteAéopata ATav 1S10iTEPT
IKOVOTTOINTIKA OTTWG PaiveTal XapaKTNPIOTIKA oTnv Eikéva 9 é1rou mmapatiBetal xpwyatoypd@nua deiyuatog

oupwv, eupoAiacpévo pe 100 ng OAWY TWV TTPOG PEAETN EVWITEWV.
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Eikéva 9. XapaktnplioTiké Xpwpatoypdenua Seiypuarog oupwv OTTou TTapakoAouBouvral Tautéxpova ol
peTapoAiteg Twv PEs, Ta PBs kal n BPA

MapdéAha autd, Ta TOAU xaunAd emimeda Tng BPA ota avBpwtriva olpa Kal N wg éva Pabud
TTEPIOPIoUEVN euaioBnaia Tou dIABECINOU PATUATOYPAPOU PALOG GE OXEON HME QVTIOTOIXO VEOTEPA HOVTEAQ
odnynoe otnv TIPooBnKn &vog akdua otadiou oTnv avoAuTikr péBodo. Metd Tnv oAokAfpwon Tng

XPWHOTOYPAPIKAG avaAuong yia petaBoAiteg Twv PEs kai PBs, n BPA trapayovtotroioUvrav e TNV TTPocOnKn
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dansyl chloride ot Baocikd pH kai 6éppavon. H avridpaon mpayparotroiolviav péoa GTO QIAAIBIO Tou
QUTOUATOU JEIYUATOAATITN KAl OEV ATTAITOUVTAV TTEPAITEPW £TTEEEPYAaTia TTpIv TNV avdAucon oto HPLC-MS. H
TTapayovtotroinan BeAtiwoe Beapatikd Ta Opia avixveuong TnG peBGdou (2.01ng/mL - 0.007 ng/mL). ‘Eva
XpwuaToypdenua TTpaydaTikou dsiypuatog 0mmou TTapakoAouBeital n Tapayovrotroinuévn BPA tTapartiferal

otnv Eikéva 10.
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Eikéva 10. Xpwpatoypdenua Ociypatog oUpwv O1ou TrapakoAouBeitar n  dansylated-BPA kai 10
SeuTePIWPEVO avaAoyo TnNG

H mpoavagepBeioa pEB0OOG PaPUOOTNKE PE ETTITUXIO OTNV AvAAUCN EVVIAKOTTIWV €RSOUAVTA OKTW
(978) delyudTWY oUPWV TTPOEPXOUEVA ATTO TPEIG TTANBUGHOUG TNG HEAETNG «PEAY yia Tov TTpOaOIOPIoUO TwV
ETMITTEOWY CUYKEVTPWOEWYV ETTTA PETABONTWY Twv PES, €61 PBs kai Tng BPA. Ta dsiyparta atroteAolvrav atréd
Olakooia TpiavTa evvéa (239) Ceuydpia untépag (4° pAvag eykupoouvng) - mraidiou (2.5 €tn) kai atmo
mrevrakoaoia (500) Taidid TpooXoAIKAG NAIKIag. H HeEAETN €0TIGOTNKE OTOUG TTAPATTAVW TTANBUGHOUG TTEIBN Ol
BAATITIKEG ETMIOPATEIG TWV EVOOKPIVIKWV SIOTOPOKTWY Eival EVTOVOTEPES KOTA TNV EPUPPUIKA Cwr) KAl TV TTPWIKN

TTaIdIKA NAIKia.

AgiCel va onueiwBei 611 Ta etTiTreda ékBeong oe PEs, PBs kail BPA exTiui®nkav yia Tpwrn ¢opd oTnv
EANGSa kal o€ ouvduacpd pe Tnv UTTapgn dedopévwy atrd Tpelg TTANBuouoUg o€ auTtd Tov apiBusd delyHATWY,

atroTeAoUV anuavTikA cuveio@opd aTn diebvr| BiIBAIoypagia.

Ta emimeda ouykevTpwoewy Twv PeTaBoAITwy Twv PES kal Tng BPA Atav o€ ouykpioiya eTTieda pe
QAVTIOTOIXEG EpYaTieg aTTd AAAEG XWPES KAl OTIG TPEIG TTANBUCUIOKEG OPASES. Ta ETTITTEDN CUYKEVTPWOEWY TWV
PBs kai otoug duo TTANBucopolg Twv TTadIwy Bpébnkav o€ uwnAdTepa eTTiTeda o€ oXEON PE MIA AVTIOTOIXN
epyaoia 1Tou éyive atn Aavia. QoT6c0, o1 d1aQOPOTTOINCEIG HETALU TWV PEAETWV (XPOvoG OelypaTtoAnyiag,
NAIKia TTaId1Liv) Kai N Jn UTTapén TTEPICTOTEPWYV GXETIKWYV ava@opwy KaBioTd dUOKOAN TNV e§aywyr) ac@aAwyv

OUUTTEPACUATWYV.
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>¢ 1peig PEs (DEP, DnBP kai BBP) kai oto EPB Bpébnkav acBeveic aAAd oTaATIOTIKA ONUAVTIKEG
ouoxeTioelg (ouvteAeoTg cuaxémiong, CC: 0.1-0.2, p<0.01) peTOgU Twv ETIMTESWV OTIG UNTEPES KATA TNV
€yKUPJOOoUVN Kal oTa TTaIdIA TOug TrepiTTou Tpia xpovia apyoTepa (Mivakag 1). ZuvuttoAoyifovTag 6Tl 0 xpdvog
ATTOBOANG AUTWY TWV EVWOEWY aTTd avOpWTTIVO opyaviouod gival TnG TAENG Aiywyv wpwv Kal dpa aTToKAgiovTag
TO €vOeXONEVO Bloouoowpeuong, dia@aiveTal n UTTapén KOIVWV Kal OTABEPWV TTNYWV EKTTOUTTAG (OTTiTI,
QAUTOKIVNTO KATT.) 0Tn dIdpKeIa Tou Xpovou. H akpiBAg NAIKia Twv TTaidiwv CUCKETIOTNKE ApvNTIKA HE TA ETTITTEDQ
OUYKEVTPWOEWY OAWV TWV HEAETWHEVWY EVWOEWY OTOV TTANBUCHSO Twv 2.5 €Twv, KATI TO OTroio &gv
TTapatnenonke ota TTadId TTPOOXOAIKNAG nAKiag. To Trapammdvw egnyeital Ye TN XOPOKTNPIOTIKY TAON Twv
Taidiwy va Bdagouv didgopa avTikeipeva oto atéua Toug (floor-to-mouth behaviour), n otmoia atovei 6co
MEYOAWVOUV Kal JE TO HEYOAUTEPO AGYO pAlag TTpocAapfBavopevng TpoPRg/uada owpatog (€kBson péow TnG
TPOO®NG) Kal em@aveiag dépuartog/pdla cwpatog (£kBeon péow TNG OEPUATIKAG ETTAPNG) OTIG UIKPOTEPES
NAIKieG.

Me xprion govTéAwv TOEIKOKIVNTIKAG, UTTOAOYIoTNKE N nuUEPAOIa £€kBean TTPOoAnwn avd kg cwuaTikou
Bdapoug. Ta Taidid Bpédnkav va éxouyv eixav XapnAoTepa eTTiTeda TTPOCANYNG G€ GXECN HE TIG EYKUPOVOUOEG
NUEPES O€ OAEG TIG HEAETWMEVEG EVWOEIG EKTOG atrd To DEHP kai Tnv BPA. Emiong, Ta emiteda ota raidid 4

ETWV €gixav xaunAdTepa miTreda NUEPHOIOG TIPOCANYNG 0€ oxéon Ye Ta TTaudia 2.5 eTwv (Eikéva 11).

Mivakag 1. ZuvTteAeaTéG guaxETiong (2-tailed Spearman, p< 0.01) PeTagU TWV ETTITTESWY CGUYKEVTPWOEWY
OTIG EYKUUOVOUOEG YUVAIKEG, TO TTAISIA KAI TNV NAIKIA TWV TTAIOIWV.

o o o m
i i o X W g o 2 <
(a) (a) (a) m (a) = L c m
) 8 8 8 8 8 8 ) )
M-DEP 0.20
M-DiBP
M-DnBP 0.23
M-BBzP 0.18
M-MPB
M-EPB 0.13
M-BPA
C-HAikia (y) 043 | -043 |-048 |-037 |-019 |-038 |-047 |-038 |-021

M-: eyKupovouaeg yuvaikeg, C-: raidid

e OAeg TIG TTANBUCUIOKEG KATNYOpPIiEG, PPEBNKAV OPICUEVEG TTEPITITWOEIS TTOU UTTEPERAIVOV TA
Beommopéva avwTata opia TG Auepikavikng Ytnpeoiag Mpootaciag MepiBdAloviog (U.S. Environmental
Protection Agency Tolerable Daily Intake, USEPA-TDI) 6mwg kai Tng EupwtraikAg Apxng Ac@dAciag
Tpogipwv (European Food Safety Authority Reference Doses, EFSA-RID). lNa Trapddelypa, 1o 3.6% Twv 4-
XPovwy TTaidiwyv utrepéPn 10 6pio NG EFSA yia to DEHP.

Me Bdaon trepIBaAAovTIKEG YeTPOEIG ETITTEOWY PES o€ aépa eCWTEPIKOU XWPOU OIKIWY, AQUTOKIVATWY

Kal TTOCIUoU vepoU aTnv Trepioxn Tou HpakAgiou, uttoAoyioTnke n nuepnoia TPécAnyn YEOow TNG AVOTTVORG
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Kal TG KaTavaAwaong TTéoIPou vepou. H ouveio@opd Kal Twv SUO aUTWY JOVOTTATIWY £KBEanG BpEBnke va ival
QAPKETA XAMNAN O€ OXEON PE TNV CUVOAIKN NUEPNOIa TIPOGANYN TTOU UTTOAOYIOTNKE e BACN TIG CUYKEVTPUWCEIG

TWV PeTaBOAITWV oTa oUpa.

Huepoia mpéoAnyn PEs, PBs kai BPA
1000,0

100,0

10,0
1

0,0
DiBP DnBP DEHP BBzP MPB nPPB

©

=

mEykupovouoeg yuvaikeg OMNMaidid 2.5 etwv  mMaidid 4 eTwv

Eikéva 11. Z0ykpion emmmédwY NuePNOIag TTPOoANWNG (didpeoeg TIWEG, ug X kgt x d?)

O1 Tnyég €kBeong digpeuvnOnkav Pe avaAuon Kupiwv cuvioTwowv (Principal component analysis,
PCA), n otroia opadotroinoe Tnv €kBeon o€ duo KUPIEG KATNyopieg avd oudda TTAnBuopol. XapakTnpIoTIKA
TTapatiBevral Ta aTToTEAEOPATA TNG AvAAUONG oTa Ceuydpia unTépag-raidiou oTtov lMivaka 2. H ékBeon @aiveTal
va YiVETal O€ JiYMaTO TWV EVWOEWV Kal TTIO OUYKeEKPIPEVa o€ piyuata PEs kai BPA (Trapdyovtag 1 - raidid,
TTap. 2 - eykupovouoeg, lNivakag 2), 6trou XpnoigoTtroloUvTal KaTd KOPoV aTo TTAACTIKG Kal o€ piypara PBs
kai DEP (map. 3 - mraidid, map. 4 - €yKUPOVOUGEG), TTOU XpPnolgoTroloUvTal gupUTata OTa TTPoidvTa

TIPOCWTTIKAG @POVTIdag-uyleviag. H idia eikdva TTapousidaTnKe Kal aTa 4-xpova TTaidid.

TéNoG, HeEAETABNKE 0 puBPOG peTaBoAiopou Tou DEHP, utroAoyilovTag TouG OXETIKOUG JETABOAIKOUG
puBPOUG  (TaXUTNTO  WETATPOTING TwV UETABOMNITWY o€ OcuTepelovteg METABROAITEG).  AVOAUTIKOTEPQ,
utroAoyioTnkav ol oxeTikoi peTaBoAikoi puBuoi (RMR), ol otroiol ek@pdlouv Tnv TaxUTATA PETATPOTING TOU
mEHP oto mEHHP (RMR1) kai Tou mEHHP oto mEOHP (RMRz2). BpéBnkav oTaTIOTIKA onuavTiKES (p<0.01)
OlAPOPOTIOINCEIG OTIG TAXUTNTEG METATPOTIAG AVAPETA OTIG EYKUPOVOUOEG Kal Ta TTaIdIG OTTWG KAl avaueoa
OTO APOEVIKA Kal OnAukda TTaidid. Ztnv Eikéva 12 gaivetal xapaktnpioTikd n diagopd ota emiTeda Tou RMR1

avapeca oTa TaIdId 2.5 Kal 4 €TWV.
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MNivakag 2. Mapdyovteg avaAuong KUpiwv ouvioTwWowV

MapdyovTtag

1

2

3

C-DnBP

0.897

C-DiBP

0.880

C-DEHP

0.843

C-BBzP

0.803

C-DEP

0.662

0.319

C-MPB

0.899

C-EPB

0.856

C-nPPB

0.906

C-BPA

0.635

M-DnBP

0.752

M-DiBP

0.748

M-DEHP

0.844

M-BBzP

0.790

M-DEP

0.448

0.421

M-MPB

0.913

M-EPB

0.740

M-nPPB

0.906

M-BPA

0.509

>uvteAeoTég <0.200 dev TTapouaidlovTal, M-: eykupovouaeg yuvaikeg, C-: raidid

9,0
8,0
7,0
6,0
5,0
4,0
3,0
2,0
1,0
0,0

DEHP RMR

25¢eTwv

m RMR1

RMR2

4 eTwV

Eikova 12. Ziykpion RMR ota maidid 2.5 kail 4 €10V, HETES TINEG

2.2. Napougiaon atmoTeAEOUATWY TWV ETTIUEPOUC Epyaoiwy

Ta amroteAéopara NG AlaTpIBg kataveprOnkav ae Tpeig dlagopeTikéG Epyaaieg Tpog dnuoaisuon.

Mo ouykekpipéva:

Epvyacia #1: H Epyacia autr mepiéxel Tnv avamrugn 6Ang Tng avaAuTikrg S1adIKaoiag, Ta aTTOTEAETHATA KAl

TIG EMIOOTEIG TNG HEBSOOU, KAl TNV EQAPMOYH TG OTNV avAAUGH TTPAYUOTIKWY SEIYUATWY.
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Epyagia #2: ¥1nv deUTtepn Epyaacia yiveral avagopd aTov Tpoadiopioud Twv emmmédwy Twv PES, BPA kai
PBs og 239 Ceuyn untépag-mraidiol TG kooptng “PEA”. AkoAoUBwg TTapoucidletal AETITOUEPNG OTATIOTIKA
emmeCepyaaia pe oTOXO TNV EPUNVEIA TWV ATTOTEAETUATWY YIa TNV ATTOTIUNGN TNG €KOEONG TWV CGUYKEKPIPEVWY
TTANBUCUIOKWY OPAdWY OTOUG UTTO PEAETN €VOOKPIVIKOUG BIATAPAKTEG, TOV EVTOTTIONO TWV KUPIWV TTYWV
€KBEONG TOV UTTOAOYIOUO TWV OXETIKWV PUBPWY peTaBoAiouol Tou DEHP kai Tn ouoTnuaTikr oUyKpIon ME

GAAEG pENETEG o€ XWpeS TNG EupwTTng, TG Aciag kai Twv H.IT.A..

Epyacgia #3: >1n 71pitn Epyacia Tmapouadidfovial Ta armoteAéoparta TnG HEAETNG Tng €kBeong oToug
TTPOAVAPEPOUEVOUG EVOOKPIVIKOUG BIaTapdKTeG o€ éva TTANBuoPo Trevrakooiwv (500) Taudiwv TTPOOXOAIKAG
nAikiag, emmiong péAn Tng KodpTNG «Péax. ETriong kai otnv Epyacio#3 mmapouaiddeTal AETTTOUEPTG OTATIOTIKA
€MECEPYATIa IE OTOXO TNV EPUNVEIQ TWV ATTOTEAECUATWY YIA TNV ATTOTIUNGN TNG €KBEONG TNG CUYKEKPIKEVNG
TTANBUOPIOKAG OUAdAG OTIG UTTO PEAETN OUGIEG, OTOV EVTOTTIONO TWV KUPIWV TThYWV €KBEONG UE avapopd Kal
o ePIBAANOVTIKEG avaAloelg (aTuOo@aIpa, TTOCIYO VEPD), TN CUOXETION PE Ta Oedopéva aTrd Ta TTaidid OTa
2.5 ¢é1n (Epyacia #2) kal TN ouoTNPATIKA GUYKPION PE GANEG PEANETEG o€ Xwpeg TNG EupwTing, Tng Aciag Kkai
Twv H.IN.A.. Téhog otnv ev Adyw Epyacia mrpooeyyifoupe kal Tov yetafohioud Tou DEHP og oxéon pe tnv

nAIKia Twv TTaIdIWV.

2.2.1. Epyacia #1

AvatrTuxenke pia véa pEBodog Tpoadiopiopol Twv emITTESWV eTTTA peTaBoAiTwy Twv PEs, €€ PBs
kai Tng BPA oe avBpwtiva olpa pe xprion HPLC-MS/MS. Oi TpeIig auTég KOTNYOPIEG €VOOKPIVIKWV
SIATAPOAKTWYV atropovwenkav pe ekxUAion otepedg @aong (solid phase extraction, SPE) yia pwTtn @opd
Tautéxpova atrd Ta deiypata oupwyv. ETITTALOV yIa TTPWTN POPE AVAPEPETAI O XPWHATOYPAPIKOG DIAXWPICUOG
TWV 100- KAl K- I00UEPpWV Twv PPB kai BPB xwpig TN xprion xpwuartoypagiag UPLC (ue ouppatikég oThAEG
avaoTpoeng @daong).

H ava@Auon oto HPLC-MS/MS BeATioToTroinOnke pe dUo 1nyég 1oviopou, ESI APCIL. EmAéxBnke o
ESI yia Tnv kaAUtepn oT1aBepdtnta Kal emavaAnyipétnTa mou emédeie. Ta épla avixveuong tng peBodou
(method limits of detection, mLOD) Tnv Tautéxpovn XpwHaTtoypa@ikr avadAuon Kal Twv TPIWV KATNyopIwy
evwoewyv Kupdavonkav petagl 0.01 kai 0.84 ng/mL oUpwv yia Toug peTaoAiteg Twv PEs, petagu 0.06 kai 0.24
ng/mL yia ta PBs kai 2.01 ng/mL yia tnv BPA. Zmnv Eikéva 9 mapariBetal éva XapakTnpIioTIKO
XpwuoToypd@nua TpaypaTikol deiyuartog.

Ta oAU xounAd emiTreda ouykevipwoewv TG BPA, 181aitepa oTa olpa TTaidiwy MIKPAG NAIKiag
0odrynoe oTnv avaykn yia okopya XaunAdtepa opla avixveuong. H trapayovrtotroinon g BPA pe dansyl
chloride peiwoe To mLOD 1ng oTta 0.007 ng/mL. H avtidpaon Trapayovtotroinong ATav atrAr, cUvToun Kai
TTpayuarotToiolvTav péoa oto @IaAidio (vial) Tng HPLC petd Tnv avdaAuon yia petaBoAiteg PEs kai PBs. ‘Eva
XOPOKTNPIOTIKG  Xpwuatoypdenua TrpayuaTikol deiyyatog TrapatiBetal otnv  Eikéva 10. Tuyoloeg
EMUOAUVOEIG KATA TNV €TTECEPYATia TWV JEIYUATWY OV ATAV aVIXVEUOIUEG. H HEBOBOG EQaPUOTTNKE ETTITUXWG
oe Ociypata Tpoegpyopeva ato éva avopikd TTANBucud oyddvta (80) atéuwy atd Tnv TTEPIOYT] TNG TTOANG TOU

HpakAegiou.
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To Afpeg keipevo Tng Epyaciag #1 €xel dnpooieuBei oto Analytical and Bioanalytical Chemistry (DOI
10.1007/s00216-015-8497-5) kai TrapartifeTal otn cuvéxeia (Appendix 1).

2.2.2. Epyacia #2

TNV TTapoUca £pyaaia TTapouciAfovTal Ta ETTITTEON CUYKEVTPWOEWV ETTTA JETABOAITWY Twv PES, €€
PBs kai Tng BPA o€ deiypara a1 diakdoia TpIdvTa evvéa (euydpla unTépag (4°¢ urivag eyKupoouvng) - aidiou
(2.5 €1n), TTpoEPXOUEVA aTTO TN PEAETN «PEAX. Ta eTTITIEdO CUYKEVTPWOEWY Kal GTOUg duo TTANBucpoug ATav
0€ CUYKpPIioIJa eTTiTeda PE AVTIOTOIXEG EpYaaies aTTo AAAeG XWpeS. Z€ Tpelg PEs (DEP, DnBP kai BBP) kail aTto
EPB Bpébnkav acBeveic aAAG oTaTioTIKG onpavTikéG ouoxeTioelg (CC 0.1-0.2, p<0.01) peTagl Twv eMITTESWY
OTIG UNTEPEG KOTA TNV eykKupgoouvn Kal oTta maudid Trepitrou Tpia xpovia apyotepa (Mivakag 1).
ZuvutroAoyifovtag To XpOvo NUICWAS AUTWY TWV EVWOEWV OTOV avBpwWTTIVO opyavioud, pe didpkeia Aiywy
nuepwv diagaivetal n UTTApEn KOIVWV KAl OTOBEPWV TINYWV EKTTOUTIAG OTn dIdpKeIa Tou Xpovou. Etriong n

nAIKia Twv TTaISILV CUCXETIOTNKE APVNTIKA PE TA ETTITTEON CUYKEVTPWOEWY OAWY TWV HEAETWHEVWY EVIIOEWV.

YTroAoyioTnke n nuepRaia TPOGANYn avda kg cwuatikoU BApoug Kal GUYKPIvovTag TIG OIANETES TIUEG,
Ta TTaIdId BpEBnKav va €xouv gixav xaunAoTepa eTmiTreda TTPOCANWNG O€ OXEON MPE TIG EYKUPOVOUOEG NUEPES
0€ OAEG TIG HEAETWHEVEG EVWOEIG £KTOG o110 TO DEHP kai Tnv BPA. H avdAuaon kupiwv cuvicTwowv (Principal
component analysis, PCA) opadoTtroince tnv €kBeon o€ duo KUPIEG KaTnyopieg avd ouada TTAnBucuou
(Mivakag 2). H ékBeon @aivetal va yiveTal o€ PiypaTa TWV EVWOEWYV Kal TTI0 CUYKEKPIPEVA o€ piyyaTa PES kai
BPA (Tropdayovtag 1 - Taidid, map. 2 - eykupgovouoeg, lNMivakag 2), 6mou XpnoigoTrolouvTal Karé Képov oTo
TAQOTIKO Kal o€ piypara PBs kai DEP (mrap. 3 - Taidid, map. 4 - €yKUPOVOUOEG), TTOU XPNCIUOTTOIoUVTal

eupUTATA OTA TTPOIGVTA TIPOCWTTIKIG QPOVTIOAG-UYIEIVAG.

TéNog, pehetTAONKe 0 peTaBoAioudg Tou DEHP, utroAoyifovtag Toug oXeTIKOUG HETABOAIKOUG puBuoUg
(TaxuTnTa PETATPOTIAG TWV PETAROAITWY O¢ deuTepelovTEG HETABOAITEG) Kal BpEBnKav d1aQopPOTTOINCEIG OTIG
TaxUTNTEG METATPOTTAG OVAUEDT OTIG EYKUPOVOUOEG Kal TA TTaIBIG OTTWG KAl avAPETa OTA apoevIKA Kal BnAukda

TTadid.

To TAApeg Keipevo €xel kataTebei yia dnuocoicuon oto Environment International otig 11/01/2015 kau

TapaTiBeTal oTn ouvéxeia (Appendix 2).

2.2.3. Epyacia #3

>e ouvéxela TG Epyaciag #2, petpABnkav Ta €1Timeda TWV CUYKEVTPWOEWY TWV PETAROAITWV TwvV
PEs, BPA kai PBs oe éva mmAnBuopd mevrakooiwv (500) traidiwwv TTPooX0AIKAG nAIKiag (4 €Twv), TTOU
OUpMETEXOUV 0Tn PEAETN «PEA». Ta emrimeda ouykevipwoewy Kal oTa 4 £€Tn €ival CUYKPIOIPA JE QVTIOTOIXEG
MEAETEG €KTOG aTTO Ta PBS, Ta OTT0ia Qv Kal JeElwPéva o€ oxEon Je Ta TTaidid 2.5 eTwv BpigKovTal G€ ONUAVTIKA
uwnAoTepa emiTreda 0 OXEON ME MIa avTioToixn epyacia tmou €yive otn Aavia. Qotéco, dgv PtTopolv va
e€ayxBouv ao@alf cuptTepdopaTa av OV Yivouv TTEPICCOTEPEG OXETIKEG NEAETEG. H uTTOAOYIoUEVN nuEPOIa
mPpdoAnwn avd kg ocwuaTtikou Bdpoug ATav XaunAdTepn ota TTaIdId TTPOCOXOAKAG NAIKIAG CUYKPITIKA PE TA
TTaIdId 2.5 eTWV Kal TIG EyKUPovouoeg yuvaikes (Eikova 11). Ze opIOPEVES TTEPITITWOEIG WOTOOO, UTTEPERN Ta
Beommopéva avwtata opia TG Apepikavikng Ytnpeoiag Mpootaciag MepiBdAloviog (U.S. Environmental
Protection Agency Tolerable Daily Intake) 6TTwg ka1 Tng Eupwraikng Apxng Ac@dAciag Tpogiuwyv (European
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Food Safety Authority Reference Doses). Ymoloyiotnkav emiong, ye Bdon TtrepiBallovTikég (agpag
E0WTEPIKOU XWPOU Kal TTOCINo vepd) petpnoelg emmédwy PEs atnv tepiox Tou HpakAegiou, n nuepioia
TPOCANYN PECW TNG AVATTIVONG KAl TNG KATavAAwaong TToaiuou vepoUu. H ouvelopopd Kal Twv Suo auTwyv
HovoTraTiwv €kBeong eival XaunAr o€ oxéaon Pe TNV OAIKA nuepiola TTPOoAnWn TTou utroAoyioTnke pe Baon Tig

CUYKETPWOEIG OTA oUpA.

O1 TTnyég €kBeong opadoTroinBNKav Pe avtioTolxo TPATTO (TTAACTIKO-€idN TTPOCWTTIKAG UYIEIVAG KOl
@povTidag) Ye Ta TTaIdIA 2.5 £TWV Kal TIG EYKUPOVOUOEG Yuvaikeg. TéAOG, Eva atrd Ta aTddia Tou HETaBOAIoUOU
Tou DEHP (petatpotrr) Tou mEHP e mEHHP), 1o otoio ek@pdetal ammd 1o RMR1 yiveTal o ypriyopa oTa

maidid 4 eTwv (Eikéva 12) kai n diagopd auTr gival oTaTioTikE onuavtikh (p<0.01).

To TTANpEG Keiyevo €xel kataTeBei yia dnuoaicuon oto Chemosphere oTig 20/02/2015 kail TrapaTifeTal

oTtn ouvéxeia (Appendix 3).
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3. Zuptrepdopara

21nv TTapouca MEAETN, avamTuXOnke yia TTPWTN @opd €va TTPWTOKOAO avaAuong SelyhaTwy
avBpwTIvwy olpwv pe xprion HPLC-MS/MS yia Tov TauTdXpovo TTpoadiopioud peTaBoAiTwy Twyv PES, PBs
Kal BPA. ETetedy0n yia TpwTn QOpAa £TTIONG 0 XPWHATOYPAPIKOG SIaXWPICHOS TWV I00- KAl K- IGOUEPWV TWV
PPB kai BPB pe xprion oupBatiking HPLC. ZuvoAikd trapakoAouBouvtal eTTTd peTaoAiteg Twv PES, €81 PBs
Kal n BPA.

H pé6000g auTr BEATIOTOTTOINONKE PE YVWHOVA TNV IKAVOTNTA avAAUCGNG HEYAAOU apIBuoU SeyUaTwY
Kal EQapUOOTNKE 0€ GUVOAIKA evvIOKOOIa oydOvTa okTw (988) deiypara oUpwv TTpogpxoueva atmd eBeAOVTEG
NG MEAETNG «PEA». AvOAUTIKOTEPQ, YETPNONKAV TA ETTITTEDN GUYKEVTPWOEWY TWV TTAPATIAVW EVWOEWV OE
OIaKOOIES TPIAVTA evvéa (239) eyKupovouoeg UNTéPeG, ata TTaudid Toug (239) otnv nAKia Twv 2.5 €TWV Kal 0€

éva TANBuo o Trevrakooiwy (500) TTaudiwv oTnV NAIKIa TwV 4 £TWV.

H peAétn autr) atmoTteAei Tn povadikr TéTolou TUTTOU aTnv EAAGdG Kal 600v agopd OTo €UPOG TWV
MEAETWHEVWY EVWOOEWV Kal TOV OpPIOPSO Twv OEIYUATWY OTTOTEAEI ONUAVTIKI) CUVEICQOPA OTNV TTAYKOOUIQ
BiBAloypagia. Ta eTmiTreda TWV PETPOUUEVWY EVWOEWV CUCXETIOTNKAV APVNTIKA HE TNV NAIKIA Twv TTaIBIWV.
210V TTANBUCUOS Twv TTaIBIWY 2.5 €TWV, TA APTEVIKA BPEONKAV va £XOUV OTATIOTIKG ONUAVTIKA uwnAdTePQ
emieda ¢ peTaBoAMiTwy Twv PEs kai Tou n-PPB. Xtov TANBUOHO Twv TTaIdiwy 4 eTwv dgv TTapaTnpRonkKe
01apopOoTToiNGN TWV CUYKEVTPWOEWY PE BAon To @UAo. Ta emitTreda Twv PeTaBoAITwV Twv PES kal Tng BPA
otnv EAAGOa dev dia@opoTtrololvTal OnUavTIKa o ax£on KE TIG AVTIOTOIXEG DIaBECIUEG JEAETEG. Ta eTiTTEdO
Twv PBs Bpédnkav 181aitepa augnuéva oe axéon Pe pia PEAETN atrd Tn Aavia woTOC0 UTTAPXEl avAaykn yia

TepIooOTEPA dEdOPEVA WOTE Va £EaxXOei KATTOI0 AOPANEG CUUTTEPOCHA.

MeAetiBnke o petaBoAiopdg Tou DEHP, utroloyifoviag Toug oXeTIKOUG METABOAIKOUG puBuolg
(RMR), o1 oTroiol ek@pdlouv Tnv TaxuTnTa PeTatpotrric Tou mMEHP oto mEHHP (RMR1) kai Tou mEHHP aTo
mMEOHP (RMR:2). MNapartnprbnkav oTOTIOTIKG ONPAVTIKEG OIAQOPOTTOINCEIG PETAEU Twv EUYWV UNTEPOG-

TTaId10U KOl APOEVIKWV-ONAUKWY TTaISIWV.

H nuepnoia mpdoAnyn ota TTaidid 4 €TWV ATAV XARNASGTEPN GUVOAIKA pE Ta TTaIdIA 2.5 €TWV o€ OAeg
TIG MEAETWHEVEG eVWOEIG. O EYKUPOVOUOEG YUVAIKES gixav uwnAdTEPN nuUEPHOIa TTIPOCANYN OE OX£0n UE TA
TTaIdId KTOG 116 To DEHP kai Tnv BPA. H £€kBeon o€ PEs péow Tou agpa Kai Tou TTOCIou vepoU BpEBnke va

€XEl XaunAn ouvelopopd aTn GUVOAIKA NuUePATIa TTPOGANYN.

Katroieg TTnyég €kBeong @aivetal va gival KOIVEG KATA Tn SIGPKEIQ TNG EYKUPOOUVNG Kal 0TNV nAIKia
Twv 2.5 etwv. H PCA opadotroince pe Tov idio TPOTIO TIG TTNYEG €KBEONG KAl OTOUG TPEIG UTTO €EETAON
TTANBuUCPOUG (eykupoouUvn, 2.5 kal 4 €1n): 1) oto TTAAOTIKO yia Tnv BPA kai Toug PEs kai Il) ota mpoidvta

TIPOOWTTIKAG UYIEIVAG KAl GpovTidag yia Ta PBs kai DEP.
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Abbreviations list

13Ce-EPB: 13Ce—ethyl paraben

13Ce-MPB: 3Ce—methyl paraben

13Ce-nBPB: *Cs—n-butyl paraben

13Ce-nPPB: 3Ce—n-propyl paraben

APCI: atmospheric pressure chemical ionization
BBP: butyl-benzyl phthalate

BPA: Bisphenol A

CC: correlation coefficient

Cc.: average car concentration

Ch: average home concentration

CID: collision induced dissociation

Cu: metabolite concentration, pg/L

Cw: average concentration in water

DEHP: di-2-ethylhexyl phthalate

DEP: di-ethyl phthalate

Dla:,daily intake calculated based on air concentration
DiBP: di-iso-butyl phthalate

Dlu: daily intake based on urinary metabolite levels
Dlw:daily intake based on water concentration levels
DnBP: di-n-butyl phthalates

EDs: endocrine disruptors

EHT: elimination half times

EPB: ethyl paraben
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E.Coli: Escherichia Coli

ESI: electrospray ionization

Fue: urinary excretion factor

H.Pomatia: Helix Pomatia

HMW: high molecular weight

HPLC: high performance liquid chromatography

iLOD: instrument limit of detection

isoBPB: iso-butyl paraben

iSOPPB: iso-propyl paraben

LC: liquid chromatography

LMW: low molecular weight

M: average daily water consumption

mBzP: mono-benzyl phthalate

mEHHP: mono-2-ethyl-5-hydroxy-hexyl phthalate

mEHP: mono-2-ethyl-hexyl phthalate

MEOHP: mono-2-ethyl-5-oxo-hexyl phthalate

mEP: mono-ethyl phthalate

miBP: mono-iso-butyl phthalate

mLOD: method limit of detection

mnBP: mono-n-butyl phthalate

MPB: methyl paraben

MS: mass spectrometer

MW:1: molecular weight of phthalate diester

MW?2: molecular weight of phthalate metabolite

nBPB: n-butyl-paraben
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NC: not calculated

ND: not detected

nPPB: n-propyl paraben

NR: not reported

PBs: parabens

PCA: Principal Component Analysis

PEs: phthalate esters

RfD: reference dose

RMR: relative metabolic rate

RMR1: mEHHP/mEHP molar concentrations ratio
RMR2z: mEOHP/mEHHP molar concentrations ratio
RPLC: reversed phase liquid chromatography
S/N: signal to noise

SPE: solid phase extraction

SRM: selected reaction monitoring

TDI: tolerable daily intake

UPLC: ultra-performance liquid chromatography

W: body weight
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1. Introduction

1.1 Endocrine disruptors
Endocrine disruptors (EDs) are a group of organic compounds, which cause serious alterations to the

normal hormone function in humans and wildlife (World Health Organization, 2012). They interfere with
hormone biosynthesis, metabolism or action resulting in a deviation from normal homeostatic control or
reproduction in humans (Diamanti-Kandarakis et al., 2009). They disrupt the endocrine system by competing
with naturally occurring hormones such as estradiol, or by altering the synthesis and metabolism of these
hormones (National Institute of Health, 2010); in addition, there is evidence of reproductive toxicity in
laboratory animals and possible health effects in humans (Chapin et al., 2008). Bisphenol-A (BPA), parabens
(PBs) and 1,2-diesters of phthalic acids (PEs) are established EDs. Six (6) billion pounds of BPA are produced
each year worldwide and over 220,000 pounds of this compound are released yearly into the atmosphere
(Burridge, 2003). PEs, with over 18 hillion pounds used each year, represent one of the world’s high production
chemical families (Crinnion, 2010) and PBs, which are used in over 13.200 formulations in nearly all type of
cosmetics (Elder, 1984). Human exposure to these chemicals is occurring through the environment, food
intake and the use of products containing them, through inhalation, dermal contact and ingestion (ATSDR
DEHP, 2001; ATSDR DEP, 1995; ATSDR DnBP, 2001; Meeker, 2010; Soni et al., 2001).

1.2 Phthalate esters
PEs have a variety of common uses. High molecular weight (HMW) PEs are used in plastic as softeners

and low molecular weight (LMW) PEs are used in personal care products and pharmaceuticals (Wormuth et
al., 2006). Previous animal tests and epidemiological studies have associated exposure to PEs with
detrimental effects to reproductive and developmental health, as well as increased risk to cancer (ATSDR
DEHP, 2001; ATSDR DEP, 1995; ATSDR DnBP, 2001). PEs normally follow a metabolic pathway in at least
two steps, a hydrolysis (phase-I) where the phthalate diester is hydrolysed into the primary metabolite
monoester phthalate and is followed (phase-ll) by a conjugation in order to form the more hydrophilic
glucuronidated metabolite (Calafat et al., 2006).

1.3 Bisphenol-A
The 2,2-bis (4-hydroxyphenyl) propane or bisphenol-A (BPA) is used in industry for the production of

many pesticides, resins and polycarbonate plastic. BPA can be found in food and beverage processing, and
in many products like dental sealants, personal care products, baby bottles, building materials, flame retardant
materials and optical lenses, materials for the protection of window glazing, DVDs, and household electronics
(Chapin et al., 2008; Geens et al., 2012; Staples et al., 1998). Human exposure to BPA is linked to heart
diseases, diabetes, liver abnormalities, reproduction adverse effects and alterations in the thyroid (Rubin,
2011). BPA is excreted mainly via urine in its free form or in its more hydrophilic glucuronide/sulphate

conjugate form (Chapin et al., 2008).

1.4 Parabens
PBs is a group of alkyl esters of p-hydroxybenzoic acid. They have low cost of production and

demonstrate high chemical stability, inertness, and low acute toxicity (World Health Organization, 2012).

These characteristics made them desirable in industry, as antimicrobial preservatives against mould and
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yeast, in cosmetics, in pharmaceuticals and in food and beverage processing (Elder, 1984). PBs occur also
naturally in food, wine, and plants (Soni et al., 2005). In vitro studies indicate that PB induce the growth of
MCF-7 human breast cancer cells and influence the expression of estrogen dependent genes (Byford et al.,
2002). In general, PBs are partially hydrolysed by esterases to p-hydroxy-benzoic acid and produce
glycine/glucuronide/sulphate conjugates, with increased water solubility that are more amenable to urinary
excretion than are the free species (Soni et al., 2005; Wang and James, 2006).

1.5 Aim of the study
In order to assess the exposure of humans, to PEs, PBs and BPA, measurement of the urinary

concentration of their metabolites (free species and their conjugates) is essential (Silva et al., 2003; Ye et al.,
2006). Several methods suitable for measuring phthalate metabolites, BPA or PBs have been published, but
none of them measure all three compound classes (Dewalque et al. 2014, Nicolucci et al. 2013, Silva et al.
2003, Silva et al. 2004). Furthermore, only Ultra Performance Liquid Chromatography (UPLC) has been
reported to sufficiently separate the structural isomers of propyl- and butyl- paraben (Perkin EImer 2011). The
elimination half times (EHT) of the above mentioned compounds are low. For example, BPA and DEHP
metabolites EHT values are some hours (Koch et al.,, 2004a; Koch et al., 2005; Volkel et al., 2002).
Furthermore, pregnant mothers (their embryos) and children are the most vulnerable populations to endocrine
disruptor exposure effects (World Health Organization, 2012). As a consequence, there is need for repeated
analyses during pregnancy and early childhood in order to assess exposure levels and possible health

outcomes.

We aimed to develop a suitable chromatographic method for assessing human exposure to the above-

mentioned important EDs. Our main analytical goals were,

1) to develop a common clean-up procedure for phthalate metabolites, PBs and BPA, present in
human urine samples;

1) to separate the structural isomers of propyl-paraben, butyl-paraben and monobutyl phthalate
metabolite, by using conventional HPLC, instead of UPLC columns and pumps; and

1)} to succeed the lowest possible detection limits for all the above-mentioned EDs. We thus
achieved high sensitivity, selectivity and the capability to analyse large numbers of samples in
reasonable times, making the method eminently suitable for epidemiological studies. In order to
test the applicability and appropriateness of the present method we applied it for the analysis of

phthalate metabolites, BPA and PBs in a large number of male urine samples.

The developed method was applied for the determination of seven PEs metabolites, six PBs and BPA
(Table 1) in two hundred and thirty nine (239) mother (6™ month of pregnancy) - child (2.5-year old) pairs and

five hundred (500) 4-year old children in Heraklion, Crete (Rhea cohort). Concerning about ED exposure we

aimed:
V) to evaluate, for the first time, the levels of exposure to PEs, PBs and BPA in Greece in three
time points and to compare them systematically with other similar studies worldwide,
V) to investigate the potential correlation in the exposure levels between the mothers and their

children,
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VI) to estimate the total daily intake (Dlu) of the PEs, PBs and BPA via urinary metabolite

concentrations,

Vi)
VI

to assess the patterns of exposure.

to evaluate the contribution of drinking water and indoor air to the total phthalate exposure,

Table 1. Studied endocrine disruptors and their method limits of detection (mLOD)

Parent compounds | Metabolites in urine Method limit of detection (mLOD)
in air and water ng/mL urine | ng/m3air* | pg/mL water*
di-ethyl phthalate | mono-ethyl phthalate 0.40 0.02 6.7
(DEP) (MEP)
di-n-butyl phthalate mono-n-butyl phthalate 0.25 0.02 9.1
(DiBP) (mnBP)
di-iso-butyl phthalate | mono-iso-butyl phthalate 0.41 0.02 5.6
(DnBP) (miBP)
di-2-ethylhexyl mono-2-ethylhexyl phthalate 0.84 0.05 53.7
phthalate (mEHP)
(DEHP) mono-2-ethyl-5-hydroxy-hexyl 0.01

phthalate

(MEHHP)

mono-2-ethyl-5-oxo-hexyl phthalate | 0.18

(MEOHP)
butyl-benzyl phthalate | mono-benzyl phthalate 0.02 0.13 4.1
(BBP) (mBzP)
methyl paraben (MPB) 0.06 - -
ethyl paraben (EPB) 0.06 - -
iso-propyl paraben (isoPPB) 0.13 - -
n-propyl paraben (nPPB) 0.09 - -
iso-butyl paraben (isoBPB) 0.04 - -
n-butyl paraben (nBPB) 0.04 - -
Bisphenol-A (BPA) 0.01 - -

*(Katsikantami, 2014; Perraki 2011)
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2. Materials and methods

2.1 Analytical standards, reagents and consumables
Mono-ethyl phthalate (mEP), 13Cas-labeled mEP, mono-n-butyl phthalate (mnBP), 13Ca.labeled mnBP,

mono-iso-butyl phthalate (miBP), mono-benzyl phthalate (mBzP), 13Cas.labeled mBzP, mono-2-ethyl-hexyl
phthalate (mEHP), mono-2-ethyl-5-hydroxy-hexyl phthalate (mMEHHP), 13C4s.labeled mEHHP, mono-2-ethyl-5-
oxo-hexyl phthalate (MEOHP), 13Cilabeled mNP, 4-methylumbelliferrone, '3Cs-labeled 4-
methylumbelliferrone and Dis-Bisphenol-A (D1s-BPA) were obtained from Cambridge Isotope Laboratories
(USA). 4-methylumbelliferryl glucuronide, *3Ce.labeled MPB, 3Ces.labeled EPB, *Celabeled n-PPB, 3Ce.
labeled n-BPB, dansyl chloride, formic acid (for MS, 98%), solvents (Chromasolv grade for HPLC acetonitrile,

ethyl acetate, acetone and methanol) and ammonium hydroxide (28% w/v in water) were purchased from
Sigma Aldrich (Germany). Methyl-paraben (MPB), ethyl-paraben (EPB), n-propyl paraben (n-PPB), n-butyl
paraben (nBPB), (iso-BPB) iso-butyl-paraben, Bisphenol-A (BPA) and iso-propyl paraben (iso-PPB) were
purchased from AccuStandard (USA). Glacial acetic acid was purchased from Carlo Erba (ltaly) and
orthophosphoric acid (85% w/v in aqueous solution) from Riedel de Haen (Switzerland). Ammonium acetate
and monosodium phosphate (reagent grade) were provided by Fluka (Germany). Escherichia Coli (E.Coli) B-
glucuronidase (140 U/mL) was purchased from Roche (Germany). SPE cartridges (Nexus, 60mg sorbent / 3
mL reservoir and 200mg sorbent / 6mL reservoir) were acquired from Varian (USA). High purity water (18.2

MQ x cm electrical resistivity), was produced by PURELAB Ultra lonic purification system (ELGA, USA).

2.2 Preparation of standards
All standard solutions were stored sealed at -20 °C in Teflon-capped bottles. Phthalate metabolites and

4-methylumbelliferrone standards (native and labelled) obtained in solutions (100 pg/mL in methyl-tert-butyl
ether or acetonitrile). 4-methylumbelliferryl glucuronide standard stock solution was prepared in water at 1000
pg/mL. Dansyl chloride standard solution was prepared in acetone at 12.5 mg/mL. PBs, BPA and Dis-BPA
stock solutions were prepared in methanol at 250 ug/mL. Working solutions were prepared at concentrations
of 1 pg/mL in 1:1 methanol/water for mass spectrometer optimisation and at 2-8 ug/mL in synthetic urine
(Laboratory Procedure Manual, Method No: 6301.01., 2009) or spiking samples and calibration curves.
Quantitative analysis was based on peak area measurements as ratios with the peak area of their
corresponding internal standard. For phthalate metabolites isotopically labelled analogues of native
compounds were used as internal standards, except for miBP, mEOHP and mEHP where 3C4-mnBP and
13C4-mEHHP were used because the labelled analogues were not commercially available to us for the period
of the study. For PBs analysis **Ce-analogues of methyl-, ethyl, n-propyl and n-butyl parabens were used as
internal standards. For BPA analysis, Di1s-BPA was used as the internal standard. Calibration curve solutions,

blank, recovery and quality control (QC) samples were prepared in synthetic urine.

2.3 Instrumentation
All analyses were performed on an LC-MS/MS system consisting of an RP-HPLC chromatograph coupled

to a mass spectrometer. Sample injections were performed via a Surveyor Autosampler (Thermo Finnigan,

USA). The chromatographic separation of PBs-BPA-phthalate metabolites was achieved using a Surveyor LC

system (Thermo Finnigan, USA), equipped with a BetaSil Phenyl (3 um, 100 mm x 2.1 mm) analytical column

from Thermo Scientific (USA). Dansylated-BPA/D1s-BPA were analysed with a PerfectSil Cs (3 um, 125 mm
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x 2.1 mm, MZ-Analytical, Germany) analytical column. The mass detection was achieved with a TSQ Quantum
triple quadrupole mass spectrometer equipped with both ESI and APCI source (Thermo Finnigan, San Jose,
USA). The system was controlled by the Xcalibur software, which also was used for the data acquisition,

analysis and quantitation.

2.4 Mass spectrometry conditions
The mass spectrometer was operated in the selected reaction monitoring (SRM) mode. Source collision

induced dissociation (Source CID) and tube lens voltage were set at optimum values for each SRM. Collision
gas was Ar at 2.0 mTorr. For PBs-BPA-phthalate metabolites, ESI in negative mode was chosen as the
ionization source. Sheath gas pressure (32-45 arbitrary units, au) and auxiliary gas pressure (20 au) were N2
and as with spray voltage (4000-4400 V) and Lens 0 offset (1.0-1.3 V), optimum values were set at each time
segment. lon transfer capillary temperature was set at 330°C.

Table 2. Selected reaction monitored for phthalate metabolites, parabens, BPA, dansylated-BPA and their
isotopically labelled analogues

Analyte Precursor ion (m/z) | Product ion (m/z) | Collision energy (eV)
MPB 151.1 92.1 14
13Cs-MPB 157.1 98.1 14
EPB 165.1 92.1 30
13Ce-EPB 1711 98.1 30
nPPB / isoPPB 179.1 92.1 40
13Ce-nPPB 185.1 98.1 40
nBPB / isoBPB 193.1 92.1 33
13Ce-nBPB 199.1 98.1 30
mEP 193.1 77.1 10
18Cs-mEP 197.1 79.1 10
mnBP / miBP 221.1 77.1 10
3C4-mnBP 225.1 79.1 10
mEHHP 293.2 1211 10
13C4-mEHHP 297.2 124.1 10
mEOHP 291.2 1211 10
mBzP 255.2 105.1 10
13C4-mBzP 259.2 107.1 10
mEHP 277.2 134.1 10
BPA 227.2 212.2 18
D16-BPA 241.2 223.2 19
4methyl-umbelliferrone 1771 133.1 26
13C4-4methyl-umbelliferrone 179.1 135.1 26
Dansylated BPA quantitation SRM 695.5 1711 40
Dansylated BPA confirmation SRM 695.5 235.1 38
Dansylated D16-BPA 709.5 170.1 35
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The monitored SRMs of the studied compounds and their isotopically labelled internal standards are
presented in Table 2. Dwell time was set at 0.1-0.2 sec except for BPA in which case it was set at 1.5 sec.
Dansylated-BPA was measured with ESI in the positive mode. Sheath gas pressure (35 au) and auxiliary gas
pressure (20 au) were Nz. Spray voltage was set at 4000 V and Lens 0 offset at 0.4 V. lon transfer capillary
temperature was set at 300°C. The SRMs are depicted in Table 2. Dwell time was set at 0.75 sec for
quantitation ion, 0.55 sec for confirmation ion and 0.2 sec for D1e-BPA ion.

2.5 HPLC conditions
Injection volume was 20 pL and autosampler settings were as follows: flush volume 1600 pL, wash

volume 1600 pL, flush speed 100 yL/s and as wash/flush solvent was used methanol-water 1:1. For PBs-
BPA-phthalate metabolites, we modified the gradient used by (Silva et al., 2004) as depicted in Table 3. Flow
rate was set at 350 yL/min. For dansylated-BPA analysis, the applied gradient (200 pyL/min flow rate and 0.1%
formic acid as mobile phase additive) is presented in Table 4.

Table 3. Gradient program for phthalate metabolites paraben and BPA analysis

Time (min) (0.1 % acetic acid in acetonitrile) % (0.1 % acetic acid in water) %
0 4 96

0.1 4 96

1.0 15 85

14.0 25 75

27.0 35 65

28.0 100 0

32.0 100 0

33.0 4 96

36.0 4 96

Table 4. Gradient program for dansylated-BPA analysis

Time (min) (0.1 % formic acid in acetonitrile) % (0.1 % formic acid in water) %
0 60 40

0.1 60 40

15.5 100 0

17.0 100 0

17.1 60 40

18.4 60 40

2.6 Sample preparation
After collection, samples were stored at -18 °C and were thawed overnight at 4 °C before analysis.

Treatment and clean-up of the samples was based on previous work (Silva et al., 2003b) but modified as
follows: Urine samples (1 mL) were transferred to a Falcon tube (polypropylene, 15 mL) and spiked with 100
ng 13Cs-labeled phthalate metabolites and '3Cs-labeled 4-methylumbelliferrone, 20 ng *3Ce-labeled PBs and
200 ng 4-methylumbelliferryl glucuronide. The hydrolysis step, with use of E.Coli or H.Pomatia B-
glucuronidase, has been reported and evaluated in numerous publications (Chen et al., 2012; Dewalque et
al., 2014; Ye et al.,, 2005). We have used the E.Coli B-glucuronidase hydrolysis as follows: E.Coli B-
glucuronidase buffer (prepared daily, per sample: 10 yL E.Coli B-glucuronidase and 250 yL ammonium
acetate buffer, 1M in agueous solution, pH 6.5) was added to the urine samples and hydrolysis was completed

at 37 °C for 90 min. After enzymatic hydrolysis completion, 1 mL of ammonium hydroxide buffer (0.15 % w/v
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NH4OH in 1:1 acetonitrile-water) was added to the samples, which were loaded onto the 60 mg solid phase
extraction cartridge. The eluents of the first cartridge (60 mg) were acidified with 3 mL monosodium phosphate
buffer (0.14 M NaH2POa, aqueous solution, at pH 2) and loaded onto the second solid phase extraction
cartridge (200 mg). The eluents from the 200 mg cartridge were discarded. Both cartridges were eluted with
3 mL acetonitrile and 3 mL ethyl acetate each. The eluents of both cartridges (12 mL in total) were combined
and evaporated to dryness with a rotational vacuum concentrator RVC 2-25 (Martin Christ, Germany) (60 °C,
20-45 mbar, 150 min for 18 samples). The residues were dissolved in 0.4 mL of water and transferred to a 2
mL autosampler glass vial with a 0.4 mL volume insert. After phthalate metabolites-PBs-BPA LC-MS analysis,
in order to enhance BPA detection limit, 160 uL 7% v/v aquatic ammonium hydroxide and 40 uL dansyl chloride
12.5 mg/mL in acetone were added to the autosampler vials containing the samples (200 pL, the rest was
discarded) and with 0.5h heating at 65 °C, dansylation was completed and samples were re-analysed with
LC-MS. In order to normalise the variability in urine density, an aliquot of 0.5 mL for each urine sample was
analysed to determine the creatinine by concentration using the OLYMPUS 2700 immunoassay system
(Beckman Coulter, USA).

2.7 Analytical performance
The following parameters were evaluated for the analytical performance of the method: isotopic purity of

labelled compounds, recovery and blank levels, method limit of detection/quantitation (mLOD/mLOQ), method
limit of detection/quantitation (MLOD/mLOQ), linearity, accuracy and repeatability. Matrix effects cannot be
calculated accurately due to the variability of urine density among samples. For this reason, an average matrix
effect influence was taken into account for the analyses, by using synthetic urine in calibration curves, blanks,
recovery and quality control samples. In order to check the isotopic purity of labelled compounds, we analysed
an aqueous solution (200 ng/mL) of each standard, three times. To determine the method recovery, 1 mL of
synthetic urine (spiked with native analytes: 1, 5 ng and 50 ng for PBs / BPA and 5, 50 and 100 ng for phthalate
metabolites) was analysed three times for each level and internal standards were added before HPLC-MS
analysis. To determine possible contaminations during analysis (blank levels), 1 mL of synthetic urine was
analysed three times. Instrument limits of detection (iLOD) and quantitation (iLOQ) were set at signal to noise
(S/N) ratios equal to 3 and 10 respectively. iLOD and iLOQ were calculated using a calibration curve in
synthetic urine in order to take into account signal suppression due to matrix effect. The mLOD and mLOQ
were calculated by adjusting iLOD and iLOQ respectively, with the method recovery value and sample
condensation factor using the following equations: [mLOD] = [iLOD] / [sample condensation factor * recovery]
& [mLOQ] = [iLOQ] / [sample condensation factor * recovery]. The linearity of the method (R?) was calculated
by using the linear equation of calibration curve for each analyte. In order to evaluate the repeatability of the
method, a pooled urine sample, spiked with native analytes (1, 5 and 50ng for PBs/ BPA and 5, 50 and 100
ng for phthalate metabolites) was aliquoted and analysed five times for each level. The accuracy of the method
was calculated by analysing quality control QC samples (N=5 for each level), which were prepared by spiking

the same amounts of native compounds as in repeatability test to synthetic urine.

2.8 Study population
The present study is part of the “Rhea” project, a pregnancy cohort which examines prospectively a

population-based cohort of pregnant women and their children at the prefecture of Heraklion, Crete, Greece

(Chatzi et al., 2009; Patelarou et al., 2011). Briefly, women who became pregnant during February 2007-
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February 2008 participated in the study. Women, residents of the study area, >16 years of age, completed
face-to-face interviews and provided blood and urine samples, visiting a participating hospital or private clinic
during the 10th—13th week of gestation. The next contacts with the mothers were at 24 weeks of gestation, at

birth, at 8-10 weeks after delivery and for child’s follow-up at 9th, 18th months, and at 4 years of age.

Children (2.5 year old) samples (103 females-136 males) were collected during March 2009-June 2011.
Spot urine samples were collected at around the fourth month of pregnancy for mothers and at 2.3 + 0.72
years for children; mean age + standard deviation). A total of 239 mother-child pairs were monitored. Of 1363
singleton live births in the Rhea study, 879 children participated at the 4 years follow up, during which urine
samples were obtained from 800 children. Of them, a random subset of 500 children (221 females-279 males,
4.24 + 0.24 years old; mean age * standard deviation) was included in the present analysis. The study was
approved by the Ethical Committee of the University Hospital of Heraklion (Crete, Greece) and all participants

provided written informed consent.

Urine samples were collected in urine boxes and stored at 4°C until procession. Within 4 hours,
samples were aliquoted in 4mL cryovials and stored at -80°C. Urine boxes and cryovials were made of
polypropylene and checked for possible contaminations. Creatinine levels were 0.50+0.31 g/L (arithmetic
mean + standard deviation) for 2.5 years old children 0.70+0.36 g/L for 4 years old children and 1.20+0.67 for
mothers. Samples with creatinine values, out of 0.3-3 g/L range for mothers (Barr et al., 2005a; Barr et al.,
2005b) and out of 0.1-3.0 range for children were excluded from analysis. We did not applied the same
exclusion criteria for mothers and children, because creatinine values below 0.3 mg/L in children do not
necessarily indicate excessive dilution but are indicative of lower muscle mass compared to adults (Koch et
al., 2011). All participant mothers provided written, informed consent for themselves and their child after having
received a complete description of the study, which was approved by the Ethics Committee of the University
Hospital in Heraklion, Greece.

2.9 Environmental samples
Environmental phthalate analyses results have been provided by Environmental Chemical Processes

Laboratory (Katsikantami, 2014; Perraki 2011). Briefly, ten houses were selected in Heraklion area (study
area of the Rhea cohort) for monitoring phthalate esters indoor air levels. Moreover the air concentrations of
PEs were determined in the interior of ten used private cars of Heraklion citizens. Indoor air sampling was
conducted with a Buck sampling pump (flow rate: 5L/min; duration: 9-18h; Sigma Aldrich, USA) equipped with
polyurethane foam filters (diameter: 5.5 cm; height: 8 cm) during April-July 2011. Moreover forty-nine tap water
samples were collected from November 2013 up to September 2014 also in the study area of the Rhea cohort
(Goslan et al., 2014). Water samples were collected in 250-ml glass bottles with glass caps, during the morning
in order to monitor PEs levels in water, which had remained several hours inside the in-home water network.

Sampling was performed from November 2013 up to September 2014.

Five phthalate diesters (parent compounds of the urinary phthalate metabolites) were determined in tap
water and indoor air. Their mLODs are reported in Table 1. The procedure for the water analysis was based
on a previously described protocol (Environmental Protection Agency, 1995) slightly modified as follows: 100

mL of water were spiked with surrogate standard (deuterated-DEHP) and liquid-liquid extracted three times
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with 5 mL dichloromethane (15 mL total). Extracts were then loaded onto a Pasteur pipette filled with Na2SOa4
(59, anhydrous) in order to remove water residues. At a next step dried extracts were concentrated to 100 ul
with a vacuum rotational evaporator, followed by a gentle N2 stream. The samples were spiked with internal

standard (benzyl benzoate) and finally were analysed with GC-MS.

Linearity was excellent (R?>0.99, 0.6-50 ug/mL), recoveries (n=5) ranged from 63 to 110%; repeatability
tests at two different levels (800 and 10000 ng/L) showed standard deviation <3.44%. Average blank
contamination was: DEP 1.6 ng; DiBP 3.9 ng; DnBP 2.1 ng; DEHP 22.9 ng; BBP <LOD, (standard deviation
< 11.5%). In every four water samples, a blank sample was also analysed. For the analysis of indoor air
samples, polyurethane foams were spiked with surrogate standard (deuterated-DEHP) and processed using
accelerated solvent extraction (oven temperature 90°C; pressure: 1500psi; heating time: 5min; static time:
5min; number of cycles: 1; flush volume: 60%; purge time: 1min). The extracts were condensed to 500 uL with
a vacuum rotational evaporator. Then with a gentle N2 stream were condensed to 100 pL, were spiked with
internal standard (benzyl benzoate) and finally were analysed with GC-MS. Linearity was excellent (R?>0.99,
0.6-50 pg/mL) and recoveries (n=5) ranged from 73.3% to 90.3% (standard deviation < 12.3%). Blank
contamination was: DEP 9.6 ng; DiBP 33.8 ng; DnBP 22.2 ng; DEHP 82.4 ng; BBP 14.0, <82.4 ng (standard
deviation <33% except BBP with 107%). In every five air samples, a blank sample was also analysed. The
GC-MS system was consisted of an Agilent GC 6890N/MSD 5973 equipped with an Autosampler HP 7683.
The GC-MS parameters were as follows: 1 uL on-column injection; capillary column DB-5MS (30 m, 0.25 mm
i.d., 0.25 uym film thickness); carrier gas helium; constant velocity 33 cm/s; transfer line 290°C; temperature
program: initial temperature 60° C, 20° C/min to 180° C, 10° C/min to 290° C, held for 10 min, total duration 27
min; electron impact at 70 eV; selected ion monitoring mode.

2.10 Statistical analysis
Statistical analysis was performed with the software SPSS 22.0 (IBM Corporation, U.S.A.).

Measurements below mLOD (not detected) were substituted by the mLOD divided by the square root of 2
(two) (Hornung 1990), as the most widely used way to handle non-detects in such type of studies (Ferguson
et al., 2014; Song et al., 2013). Arithmetic mean, minimum, median, 95th percentile, maximum, geometric
mean and 95% confidence interval of geometric mean (95 % CI) values were calculated for both

unadjusted/creatinine-adjusted concentrations and estimated total daily intake data.

The daily intake of the studied EDs was estimated by adapting a commonly used toxicokinetic model to
our data (Equation 1) (Beko et al., 2013; Dirtu et al., 2013; Ma et al., 2013), where: DIy (Daily Intake calculated
using urinary metabolites, pugxd'xkg?! of body weight), Cu (metabolite concentration, ug/L), Fue (urinary
excretion factor, molar ratio of parent compound in taken to metabolite excreted), MW1 (molecular weight of
PE, g/mol), MWz (molecular weight of PE metabolite, g/mol) and W (body weight, kg). Especially for PBs and
BPA ratio (MW1/MWz) was set equal to 1.

Fue values for mEHHP and mEOHP were taken from (Koch et al., 2004a) and (Koch et al., 2005a), for
mBzP and mnBP from (Anderson et al., 2001), for PBs from (Ma et al., 2013) and since for miBP and mEP,
Fue values were not available, we used the same with mnBP. Fue value for BPA was set equal to 1 since BPA

is excreted via urine nearly 100% during an 24h period (Volkel et al., 2002). V. considered 2 L for mothers
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(Guo etal., 2011) and 0.0224 L/kg body weight for children (Miller and Stapleton 1989; Szabo and Fegyverneki

1995). We chose to use a value for children volume urine, which doesn't take into account body weight when
it is applied to our toxicokinetic model because children especially in ages of this study grow rapidly and a

stable volume of urine as in used mothers could introduce uncertainty in daily intake estimation.

Furthermore, the daily intakes from air (Dla) and water (Dlw) were estimated for 4 years old children using
Equations 2 and 3 respectively. Since air and water concentration data were not available for each cohort
subject, we used the average air and water levels in Heraklion area for our calculations. Especially, for Dla
(Equation 2), we supposed that a children (average body weight of children participating in this study, W:18.4
kg) spends 22.5 h (95.5%) daily indoor and =1.5 h (5.5%) in car (Cn: average home concentration; Cc: average
car concentration) and inhales 8.3 m®/d (Wilson et al., 2001); for Dlw, the average concentration in water (Cw),
the average body weight as in Equation 2 and an average daily water consumption (M: 1L/d) (World Health
Organisation, 2008).

In order to investigate possible differentiations in DEHP metabolism among population groups, relative
metabolic rate (RMR) of DEHP was calculated as described in literature (Boas et al., 2010; Song et al., 2013).
Briefly, RMR1 (1st step of metabolism) considered as the molar concentration ratio of mEHP/mEHHP and
RMR:z (2" step) the ratio of mMEHHP/mEOHP. Only samples with positive detection in all three DEHP
metabolites were used. For two-tailed Spearman correlations, creatinine adjusted molar (umol/g)
concentrations were used. For two-tailed Pearson correlations, unnormalised RMR values were used since
RMR data were not skewed.

Principal component analysis (PCA) with Kaiser normalisation, Mann-Whitney U (concentration levels
gender-based comparison) and Wilcoxon signed ranked (comparison of the same children at 2.5 and 4 years
and mother-child pairs daily intake) tests were applied to unadjusted for creatinine, log10 transformed
concentrations. Independent samples t-test was applied to unnormalised RMR data (mothers-children as
independent populations and male-female children comparisons) and to gender-based creatinine levels
comparison. For PCA and correlation studies, molar concentration levels were used and mEHHP-mEOHP

concentrations summed as DEHP metabolites.

Analytes with detectability lower than 50.0% (isoPPB, isoBPB and nBPB) were excluded from geometric
mean calculation and correlation studies. For PCA analysis, isoPPB and isoBPB were excluded for the same
reasons while nBPB was included (e.g. detectability: 37.6% at 4-years old children). DEHP-DIy considered as
the arithmetic mean of DI, for mEHHP and mEOHP. mEHP was excluded from the above analyses (PCA,
correlation studies, Dlu) due to its relatively lower levels in urine and shorter half-life compared to the other
two measured DEHP metabolites, mMEHHP and mEOHP (Frederiksen et al., 2007; Koch et al., 2005; Silva et
al., 2006a; Silva et al., 2006b; Wittassek and Angerer, 2008).

_ CuXVyX MW,

Equation 1: DI, = WP
ue 2

(ug of ED x d~1 x kg™? of body weight)

[(C1%0.945)+(CXx0.055)]x8.3

Equation 2: DI, = ”

(ug of ED x d~! X kg~* of body weight)

Equation 3: DI, = CW‘;M (ug of ED x d~1 x kg™? of body weight)
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2.11 Comparison with other studies worldwide
Literature search for similar studies was performed via EndNote X7 (Thompson Reuters) in PubMed

database on December 04, 2014. The search criteria were the following: for PEs metabolites/BPA, titles
containing (*phthalate or bisphenol-a or bpa) and (child* or mother* or pregnan* or women) and for PBs titles
containing *paraben*. The selection criteria were: for studies measuring total metabolites (free, glucuronated
and sulphated) from pregnant women or children for over 200 urine samples for PEs metabolites/BPA and
100 for PBs, with creatinine normalised median concentrations available for BPA or at least for 4 common

PEs metabolites or 4 common PBs with our study.

Initially, 796 articles were identified: 93 hits for (*phthalate* and child*), 10 for (*phthalate* and mother*),
63 for (*phthalate* and pregnan*), 46 for (*phthalate* and women), 44 for (bisphenol-a and pregnan*), 53 for
(bisphenol-a and child*), 8 for (bisphenol-a and mother*), 41 for (bisphenol-a and women), 3 for (bpa and
women), 1 for (bpa and mother*), 2 for (bpa and pregnan*), 4 for (bpa and child*) and 428 for *paraben*.
Fifteen (15) of them fulfilled the search criteria: (Boas et al., 2010; Braun et al., 2011; Braun et al., 2009; Casas
et al., 2013; Frederiksen et al., 2013; Harley et al., 2013; Hong et al., 2013; Kasper-Sonnenberg et al., 2014;
Lee et al., 2014; Mortamais et al., 2012; Quiros-Alcala et al., 2013; Tefre de Renzy-Martin et al., 2014;
Teitelbaum et al., 2012; Wang et al., 2014; Zeman et al., 2013). References of the selected papers were also
checked but no additional articles identified. In case of concentrations given separately for male/female

children or at different time-points of pregnancy, the arithmetic mean of the given median values was used.
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3. Results and discussion

3.1 Optimization of mass spectrometry
ESI is the widely used ionisation technique due to its enhanced sensitivity, the low flow rates it requires

and its capability to ionise a wide range of analytes (Chen et al., 2012; Laboratory Procedure Manual, Method
N0:6301.01., 2009; Dewalque et al., 2014; Silva et al., 2004). Although, sensitivity was at same levels with
APCI, the need for frequent maintenance of this ionisation source (cleaning/replacing corona needles,
replacing sample tube) and the significantly larger solvent consumption led us to use ESI. A preliminary
optimization of the mass spectrometer parameters took place with direct infusion of each compound at 10
ML/min flow rate via a syringe pump. Optimization was repeated, after HPLC method development, and each
compound was re-optimized using the chromatographic conditions (flow rate and solvent type), existing at its
retention time. Mobile phase flow (via HPLC pump) and analyte solution flow (via syringe pump) were
connected with a T-junction and were driven to the mass spectrometer. Despite the automatic optimization
capability of TSQ Quantum, in order to achieve more accurate results, we performed this step manually. In
order to achieve appropriate detection limits for phthalate metabolites, PBs and BPA with our mass
spectrometer (TSQ Quantum, model acquired in 2003), we chose to follow one SRM per analyte. Furthermore,
we have tested and optimized two SRMs per analyte without observing co-eluting peaks in any sample. For

dansylated-BPA, two SRMs were monitored.

3.2 Optimisation of HPLC
For PBs-BPA-phthalate metabolites and with ESI as ionisation source, in addition to the selected BetaSil

Phenyl column, we also tested a PerfectSil 120 Phenyl (3 um, 100 mm x 2.1 mm; MZ-Analytical, Germany)
and a Gemini C1g (3 um, 100 mm x 2 mm; Phenomenex, USA) HPLC columns, which did not provide adequate
separation and peak shapes. Methanol was tested as the mobile phase; although for PBs and BPA analysis
the results were similar to those obtained using ACN, for phthalate metabolites the separation and peak
shapes were unsatisfactory. With APCI, a pair of tandemly connected Hypersil ODS (5 uym, 250 mm x 4.6
mm, MZ-Analytical, Germany) HPLC columns were tested, with both ACN and methanol used as mobile
phases. Although separation for PBs was similar to that achieved using a BetaSil Phenyl column with ESI, the
gradient was longer, the system pressure and flow rate were significantly higher and the separation of
phthalate metabolites was inadequate. The optimum results for the baseline separation of the structural
isomers of BPB, PPB and mBP, were accomplished with the BetaSil Phenyl HPLC column. The modified
gradient (of a previously reported method (Silva et al., 2004); see “Material and methods - HPLC conditions”)
we used (Table 3), completed the separation of paraben stuctural isomers. The addition of 0.1% acetic acid
to the mobile phase was essential for the retention of phthalate metabolites and their proper separation (Chen
etal., 2012; Dewalque et al., 2014; Silva et al., 2004). Besides, the acidic mobile phase suppresses the analyte
signal, in the negative ESI mode and increases the iLOD for all studied analytes (Table 5) and particularly for
BPA (Chen et al., 2012; Dewalque et al., 2014; Silva et al., 2004). A chromatogram of a pooled urine sample,
spiked with 100 ng of all analytes, is shown in Figure 1.

For dansylated-BPA analysis (structure is presented in Figure 1), between PerfectSil Cs, BetaSil Phenyl

and Gemini Cis columns, the first demonstrated the best chromatographic performance (peak shape, S/N,
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matrix components separation). The new gradient, we developed, is presented in Table 4, and the

chromatographic result of its use for the analysis of a real urine sample is depicted in Figure 3.

Table 5. Comparison of instrument / method Limits of Detection / Quantification for different conditions

iLOD-iLOQ (ng/mL) mLOD-mLOQ (ng/mL)
with 0.1% without . . with acetic | without .
Analyte acetic acid acetic acid with dansylation aC|d.|n acetic aqd in with .
(ng/mL) (ng/mL) (ng/mL) mobile mobile dansylation
phase phase
mEP - - - 0.40-1.33 - -
mnBP - - - 0.25-0.83 - -
miBP - - - 0.41-1.37 - -
mBzP - - - 0.02-0.07 - -
mEHP - - - 0.84-2.80 - -
mEHHP - - - 0.01-0.03 - -
mMEOHP - - - 0.18-0.60 - -
MPB 0.28-0.93 0.14-0.47 - 0.12-0.40 0.06-0.20 -
EPB 0.13-0.43 0.12-0.40 - 0.06-0.20 0.06-0.18 -
iso-PPB 0.41-1.37 0.23-0.77 - 0.24-0.80 0.13-0.45 -
nPPB 0.33-1.10 0.19-0.63 - 0.15-0.50 0.09-0.29 -
iso-BPB 0.15-0.50 0.07-0.23 - 0.08-0.27 0.04-0.13 -
nBPB 0.15-0.50 0.08-0.27 - 0.07-0.23 0.04-0.12 -
BPA 4.43-14.76 0.16-0.53 0.008-0.026 2.01-6.69 0.07-0.24 0.007-0.024

In order to increase reproducibility and zero carry-over effects in HPLC, a mixture of 1:1 methanol-water

was chosen as syringe cleaning solvent and syringe washes were modified as described in the “Material and

methods - HPLC conditions” section. To the best of our knowledge, there is only one report using a UPLC

column for the separation of both paraben structural isomers (butyl- and propyl-) [30]. Another study [39],

applied an unpublished method, which separates both propyl- and butyl- although only few details are given.

In the present study, we achieved for first time, to separate these three isomers using a conventional HPLC

column and pump.
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Figure 1. Pooled urine sample chromatogram for simultaneous PEs metabolites / PBs / BPA analysis and
their SRMs, peak intensities and retention times in minutes

Figure 2. Dansylated BPA structure
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Figure.3 Urine sample chromatogram for dansylated BPA / D1s-BPA and their SRMs, peak intensities and
retention times in minutes

3.3 Optimisation of sample preparation
Applying the modified clean-up procedure for phthalate metabolites (see “Materials and methods-sample

separation”), PBs and BPA were also effectively retained (Table 6). Furthermore, to analyse more samples
simultaneously and minimize manual intervention, evaporation to dryness was performed with the rotational
vacuum concentrator. Derivatisation of phenolic hydroxyl groups with dansyl chloride is a well-known reaction
in organic chemistry and it has applied to enhance mass spectrometric sensitivity of urinary BPA (Fox et al.,
2011, Wang et al., 2013). We used agueous NH4OH to buffer the samples, instead of a non-volatile buffer
(Fox et al., 2011, Wang et al., 2013) in order to prevent blocking of ion transfer tube after a few injections.
Basic pH does not affect BPA deprotonation at ESI source and therefore does not suppress its signal since it
elutes at 15.1 min (NH4OH is not retained by the column) and the eluent contains 0.1% formic acid. Dansyl
chloride added in excess (0.5 mg per sample) to ensure dansylation for any urine sample (variable
concentrations of compounds with phenolic hydroxyls). To the best of our knowledge, this is the first common

clean-up protocol reported for the analysis of phthalate metabolites, PBs and BPA

3.4 Analytical performance
Recoveries were higher than 59.1% for all studied metabolites and spiking levels except mEHP (41.5 -

43.5%), which was not eluted effectively from the SPE cartridges possibly due to its high lipophilicity (Table
6). We consequently achieved method limits of detection at the pg/mL - low ng/mL range. Blank contamination
was not detectable. The linearity, for the expected concentration range (as presented in Table 6), was
excellent (R? > 0.99). All isotopically labelled standards were found without detectable contaminations of native
compounds. Matrix effects have been reported, for both APCI and ESI analyses, of the studied compounds
(Chen et al., 2012; Dewalque et al., 2014, Silva et al., 2003). In order to control matrix effects and to perform
an accurate analysis, we have used isotopically labelled internal standards for most of the target compounds.
Due to their limited commercial availability in the period of study, we used nine labelled internal standards for
fourteen target compounds. Repeatability experiments showed standard deviations (STD) <15.0% and

accuracy <20.8% for all studied metabolites and spiking levels (Table 6). The chromatogram of a spiked
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pooled urine sample, analysed for phthalate metabolites-PBs-BPA, is shown in Figure 2 and a urine sample,

processed with dansyl chloride, is presented in Figure 3.

Table 6. Analytical performance characteristics

Linearity
range Recovery %
(R2>oggg) Accuracy % Repeatability %
Compound ’ (n=3, £ SD)

(ng/mL)
Low Medium High Low Medium High Low | Medium High
mEP 0.5-512 60.5+6.4 69.5+4.5 68.5+7.5 9.2 5.5 7.3 2.6 2.6 5.2
mnBP 0.5-512 80.7+7.8 87.2+7.8 70.618.2 5.7 6.6 4.2 2.0 7.0 35
miBP 0.5-512 73.949.6 76.745.4 67.317.4 9.0 3.9 3.1 6.2 2.7 4.2
mBzP 0.5-512 64.845.4 69.4+6.6 67.0+6.7 7.4 4.0 3.8 6.8 5.5 3.5
mEHP 1-512 43.5+5.2 40.8+1.8 41.5+16.0 20.8 19.3 5.2 7.9 2.8 5.7
mEHHP 0.5-512 64.2+7.8 62.1+1.8 66.6+7.5 9.1 7.6 6.3 5.2 5.7 5.6
mEOHP 0.5-512 59.1+5.1 79.6£7.9 68.3+7.1 15.6 8.5 7.0 6.9 7.6 6.2
MPB 0.25-512 95.0+8.6 99.8+4.3 91+3.4 19.5 17.8 10.1 11.0 2.8 1.2
EPB 0.25-512 99.048.2 103.2+2.6 8816.7 12.7 10.3 13.1 8.0 6.0 15
iso-PPB 0.25-512 75.9+£11.5 70.746.1 69+8.0 19.9 0.1 3.9 7.0 4.7 1.9
nPPB 0.25-512 89.8+4.6 95.4+4.3 86+6.9 5.1 3.9 3.7 15.0 1.4 3.4
iso-BPB 0.25-512 75.345.1 80.8+3.8 77+5.7 8.6 6.5 7.5 9.3 1.9 1.8
nBPB 0.25-512 69.8+4.8 87.7£2.7 83+5.6 15.2 1.1 11 8.6 1.8 15

BPA
0.05-64 75.2+4.2 78.9+4.3 88+5.6 3.1 1.9 14 2.4 2.6 1.6
(dansylated)

SD: standard deviation

3.5 Concentration levels in urine

Concerning about the mother-child pairs (pregnancy-2.5 y.o.) levels, the metabolites mEP, mnBP, miBP,

mEOHP, mEHHP, mBzP , MPB, EPB, nPPB and BPA were detected in >90.8% of mother samples (Table
7) and in >86.2% of children samples (Table 8), while mEHP was detected in the 72.7 % of mother and 57.3%
of children samples; isoPPB, isoBPB and nPPB ranged from 12.0% to 38.6% detectability for mothers (Table

9) and 2.1% to 25.9% for children (Table 10). mNP was not detected in any of the analysed samples, thus we

do not consider it as a proper urine biomarker for DINP exposure. Secondary metabolites, (e.g. mCOP, mono-
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carboxy-octyl phthalate) of this PE should be used as biomarkers. The same conclusions concerning mNP
were also drawn in other studies (Koch et al., 2007; Silva et al., 2006b). For this reason, mNP determination
was sont prefromed in 4-years old children. Due to the variable density of urine spot samples (Barr et al.,
2005b), we preferred to use creatinine normalisation in order to rank the concentration levels of studied

compounds.

Among the creatinine adjusted median levels of PEs metabolites, mEP was the most abundant for
mothers (133.6 pg/g) and miBP for children (101.6 pg/g); miBP concentrations were in higher levels compared
to mnBP for both categories; from DEHP metabolites, mMEHHP and mEOHP were in higher levels compared
to mEHP also for both categories; mBzP was the less abundant detected PEs metabolite (Tables 7 and 8).
Concerning creatinine adjusted median PBs levels, MPB was the most abundant for both categories (mothers:
121.9 ug/g, children: 42.6 ug/g), but for mothers, nPPB levels were higher compared to EPB and for children
EPB levels were higher to nPPB; the other three PBs had median values < mLOD. BPA levels were found at

1.1 pg/g for mothers and at 5.2 pg/g for children. (Table 9 and 10).

Concerning about 4 years old children, PEs metabolites levels for both unadjusted and creatinine
adjusted concentrations are presented in Table 11 while PBs and BPA levels are depicted in Table 12.
Detectability of PEs metabolites were >93.4%. DEHP metabolites and mEP were detected in all samples.
MPB, EPB and nPPB were below mLOD at >92.6%. nBPB was detected in 37.6% of the samples while isoPPB
and isoBPB were detected with lower rate (3.8% and 10% respectively). Finally, BPA detected in almost all
samples (98.8%). Based on creatinine adjusted median concentration levels, mEP was the most abundant
PEs metabolite followed in decreasing order by miBP, mEHHP, mEOHP, mnBP, mEHP and mBzP (Table 11).
Furthermore, concerning about PBs, creatinine normalised median levels of MPB were the highest (17.6 ug/g)
among the examined PBs, EPB and nPPB were in the same levels (1.5 ug/g). The other three PBs, when we
examined their creatinine adjusted arithmetic mean (their detectability were <50% therefore median could not
be calculated) levels showed that the most abundant was nBPB (1.0 pg/g) followed by isoBPB and isoPPB
(0.2 and 0.1 ug/g respectively). BPA creatinine adjusted median levels were at 1.9 ug/g (Table 12).

When 2.5 year old children were categorized by gender, males exhibited, statistically significant (Mann-
Whitney U test; p-value<0.05), higher unnormalised concentrations (ng/mL) for nPPB and all PEs metabolites
except from mEHP (Table 11). We used unnormalised concentrations because creatinine levels were higher
in males (arithetic mean, males: 0.53 g/L, females: 0.45 g/L; independent samples t-test, p-value: 0.043).
Independent samples t-test was utilised to compare creatinine levels since creatinine data were not skewed.
No gender-based differentiations were observedin 4 years old children. Analogous studies show controversial
reuslts about relation of gender with children with metabolite levels, a fact which denotes influence of more
parameters, for e.g. age (Boas et al., 2010; Cutanda et al., 2014; Guo et al., 2011; Langer et al., 2014; Song
et al., 2013; Wittassek et al., 2007; Zhang et al., 2014).
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Table 7. Pregnancy: descriptive statistics of

PEs metabolites urinary concentrations, ng/mL urine (ug/g

creatinine)
PEs metabolite mEP miBP mnBP mEHHP MEOHP mBzP mEHP
Detected (%>mLOD) 100.0 98.0 95.9 96.4 93.6 91.6 72.7
Minimum 2.6 <mLOD <mLOD <mLOD <mLOD <mLOD <mLOD
(4.8)
Median 133.9 39.2 36.1 25.7 17.6 6.0 7.6
(132.6) (38.7) (33.2) (24.4) (15.9) (7.0) (7.3)
g5th 1462.9 189.4 210.5 125.5 100.5 38.2 50.1
percentile (1230.9) (131.9) (157.1) (107.8) (84.8) (32.1) (47.1)
Maximum 4103.7 616.1 94670.7 6267.3 3610.6 199.4 3401.3
(3993.8) (720.0) (48799.3) (5095.4) (2935.4) (132.0) (2765.3)
Arithmetic 360.9 62.0 463.9 66.3 49.4 12.8 28.2
mean (323.2) (54.7) (260.2) (60.5) (42.6) (11.2) (25.3)
Geometric 141.9 36.7 32.1 22.1 15.5 6.9 7.0
mean (143.5) (37.1) (32.5) (22.3) (15.7) (7.0) (7.1)
Geometric Mean 95% 119.3-171.8 32.2-42.3 27.3-38.5 18.9-26.1 13.1-18.5 6.1-8.0 6.0-8.2
Cl (122.0-169.8) (33.2-41.6) (28.4-37.5) (19.5-26.1) | (13.7-18.5) | (6.2-7.9) | (6.1-8.3)

Table 8. 2.5 years old children: descriptive statistics of PEs metabolites urinary concentrations, ng/mL urine

(Mg/g creatinine)

PEs metabolite mEP miBP mnBP mEHHP MEOHP mBzP mEHP
Detected (%>mLOD) 99.6 98.7 96.2 97.1 95.4 86.2 57.3
Minimum <mLOD <mLOD <mLOD <mLOD <mLOD <mLOD <mLOD
Median 344 34.4 23.9 30.5 20.0 6.5 2.8
(86.6) (101.6) (62.3) (71.0) (51.0) (17.0) 9.2)
95t 230.4 202.4 162.3 158.2 116 35.2 235
percentile (477.7) (280.6) (261.0) (246.7) (171.6) (73.5) (78.5)
Maximum 2460.1 886.0 1250.5 626.3 391.1 241.9 95.01
(3617.8) (681.6) (962.0) (1204.3) (611.1) (394.2) (203.8)
Arithmetic 79.2 62.4 47.1 51.2 35.0 12.9 7.0
mean (182.7) (123.2) (90.8) (102.2) (68.4) (27.8) (18.2)
Geometric 35.3 36.0 233 24.9 16.9 6.8 3.8
mean (88.5) (90.3) (58.3) (62.4) (42.5) (17.0) (9.6)
Geometric Mean 30.2-41.0 31.2-41.4 19.9-27.0 20.8-29.7 14.2-20.5 5.9-7.8 3.4-4.4
95% ClI (76.9-102.0) | (81.0-100.8) | (51.5-65.9) | (54.3-71.9) | (37.3-48.9) | (15.0-19.3) | (8.5-11.0)
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Table 9. Pregnancy: descriptive statistics of PBs and BPA urinary concentrations, ng/mL urine (pg/g

creatinine)
Phenol MPB EPB isoPPB nPPB isoBPB nBPB BPA
Detected (%>mLOD) 99.2 93.6 12.0 90.8 26.5 38.6 99.6
Minimum <mLOD <mLOD <mLOD <mLOD <mLOD | <mLOD | <mLOD
Median 98.3 2.6 <mLOD 13.4 <mLOD | <mLOD 1.2
(121.9) (2.9) (17.5) (1.1)
gs5th 3098.4 120.5 0.97 685.4 2.6 28.2 4.7
percentile (3191.5) (77.3) (0.85) (461.4) (2.3) (21.3) (5.6)
Maximum 67461.3 377.5 63.9 28182.1 59.2 242.3 144.0
(46089.3) (146.3) (51.1) | (20387.3) | (39.2) | (148.8) | (116.1)
Arithmetic 1200.7 19.8 0.9 413.4 0.6 6.2 2.6
mean (1138.8) (16.0) (0.9) (365.7) (0.5) (5.1) (2.4)
Geometric 102.1 3.1 NC 11.2 NC NC 1.2
mean (103.2) 3.2) (11.3) (1.2)
Geometric 79.8-132.8 25-4.1 NC 8.0-15.4 NC NC 1.1-1.4
Mean 95% ClI (80.5-132.6) | (2.5-4.1) (8.1-15.4) (1.1-1.4)

Table 10. 2.5 years old children: descriptive statistics of PBs and BPA urinary concentrations, ng/mL urine

(Mg/g creatinine)

Phenol MPB EPB isoPPB nPPB isoBPB nBPB BPA
Detected 100.0 93.3 21 79.1 6.3 25.9 99.6
(%>mLOD)
Minimum <mLOD <mLOD <mLOD <mLOD <mLOD | <mLOD <mLOD
Median 17.1 15 <mLOD 0.9 <mLOD | <mLOD 2.1
(42.6) (3.7) (2.3) (5.2)
95th 942.9 96.2 <mLOD 111.7 0.1 1.3 16.6
percentile (2710.5) (318.2) (328.5) (0.4) (2.2) (31.0)
Maximum 6805.9 1116.9 10.8 1491.3 1.1 93.2 68.7
(17014.8) (1801.5) | (13.0) | (3728.3) (1.7) (665.9) (121.7)
Arithmetic 198.2 22.0 0.1 25.7 0.1 1.0 4.5
mean (512.2) (66.0) 0.4) (73.1) (0.1) (5.9) (9.6)
Geometric 25.0 1.8 NC 1.3 NC NC 2.0
mean (62.7) (4.5) (3.2) (5.0
Geometric Mean 20.0-31.5 1.4-2.4 NC 0.9-1.7 NC NC 1.7-2.4
95% ClI (49.5-79.7) (3.4-6.0) (2.4-4.4) (4.3-5.8)
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Table 11. 4 years old children: descriptive statistics of PEs metabolite levels, ng/mL urine (ug/g

creatinine)
PEs metabolite mEP miBP mnBP mEHHP mEOHP mBzP mEHP
Detected (%>mLOD) | 100.0 96.8 934 100.0 100.0 99.0 100.0
Arithmetic mean 131.6 43.3 32.7 44.3 36.4 10.1 10.6
(159.5) (62.5) (45.3) (67.4) (54.5) (14.3) (17.2)
1.0 <mLOD <mLOD 0.2 0.4 <mLOD 1.1
(0.9) (0.2) 0.4) .7)
34.9 29.5 17.2 27.4 22.6 4.5 6.2
(53.5) (48.8) (27.9) (40.7) (35.4) (7.0) (10.5)
95t percentile 293.1 130.5 104.4 124.5 103.7 35.3 34.4
(416.0) (158.2) (128.8) (161.7) (124.5) (50.6) (46.5)
19549.1 586.3 564.4 1504.9 1107.3 426.5 141.1
(17611.8) (671.4) (695.0) (2246.1) (1652.7) (313.6) (300.7)
Geometric Mean 38.0 24.8 13.1 26.3 21.0 4.4 6.7
(62.7) (40.9) (21.6) (43.3) (34.6) (7.3) (11.1)
Geometric Mean 34.1-42.3 22.2-27.8 11.3-15.2 24.0-28.7 19.1-23.0 4.0-5.0 6.2-7.3
(57.1-68.9) | (36.9-45.4) (18.9-24.7) (40.3-46.6) | (32.0-37.3) (6.6-8.1) | (10.3-11.9)

Table 12. 4 years old children: descriptive statistics of PBs and BPA levels, ng/mL urine (ug/g creatinine)

Phenol MPB EPB iso PPB nPPB isoBPB | nBPB BPA
Detected (%>mLOD) 100.0 96.8 3.8 92.6 10.0 37.6 98.8
Arithmetic mean 79.6 7.7 0.1 10.0 0.2 0.6 2.0
(147.2) (12.0) (0.1) (17.2) (0.2) (1.0) (3.2)
Minimum 0.7 <mLOD <mLOD <mLOD <mLOD | <mLOD | <mLOD
(0.8)
Median 11.5 0.9 <mLOD 0.9 <mLOD | <mLOD | 1.2
(17.6) (1.5) (1.5) (1.9)
95t percentile 263.3 25.5 <mLOD 34.3 0.1 0.7 6.4
(424.7) (43.5) (49.3) (0.2) (1.4) (10.0)
Maximum 3846.7 315.2 15.0 483.2 50.4 97.1 59.2
(11039.7) (573.1) (14.5) (1098.1) (45.4) (158.9) | (67.3)
Geometric Mean 15.1 11 NC 11 NC NC 11
(24.9) (1.9) (1.9) (1.7)
Geometric Mean 95% | 13.3-17.2 1.0-1.3 NC 1.0-1.3 NC NC 1.0-1.2
Cl (22.0-28.3) | (1.6-2.1) (1.6-2.2) (1.6-1.9)

The overall levels of all studied metabolites are relatively lower in 4 years old children compared with

2.5 years old (Tables 8 and 10-12). Furthermore levels in all three population groups are generally comparable

60




with the literature reports from other countries. The overall PEs exposure, evaluated in our study, is generally
comparable with the literature reports from other countries. Furthermore, the specific PEs exposure pattern is
also similar in general (Tables 14 and 15). Comparison with other studies demonstrated slightly higher
exposure to PEs for mothers in Greece compared to those from Denmark (Tefre de Renzy-Martin et al., 2014)
and slightly lower compared to those from France (Mortamais et al., 2012; Zeman et al., 2013) (Table14).
Moreover, for children there are not distinct differences for PEs metabolites levels in general (Table 15).
However, our study exhibited the highest miBP and generally low mnBP levels. This fact may be explained by
the gradual replacement of DnBP (parent compound of mnBP) with DiBP (parent compound of miBP) (Table
1) and the point that our study is the most recent. Concerning about PBs, although concentration levels were
lower at 4-year children compared to 2.5-year, in both cases they appeared to be clearly higher compared to
a study from Denmark (Frederiksen et al., 2013). Finally, BPA levels were average in relation to the other

available reports (Table 4).

Table 13. Gender-based comparison of 2.5 years old children arithmetic mean concentration levels (ng/mL)
mEP miBP | mnBP mEHHP mMEOHP mBzP nPPB

Male 87.88 | 67.41 | 46.29 57.92 37.02 15.08 30.26
Female | 67.79 | 55.82 | 48.27 42.24 32.31 10.14 19.66
p-value | 0.006 | 0.004 | 0.011 0.005 0.015 0.009 0.036

It has to be mentioned that bibliographic comparisons suffer from several weaknesses as they don’t
take into account, market changes of PEs, PBs and BPA, corresponding to different time periods of sample
collection, different age of children and phase of pregnancy, different methods of analysis and analyte
detection limits, lack of statistical tests for inter-study comparisons etc. Especially, for PBs levels, more data

are needed in order to assess globally their exposure.
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Table 14. Pregnant women: comparison with similar studies, creatinine adjusted median (ug/g) values

Country;
number of
reference

samples;

miBP

mnBP

MEHHP

mMEOHP

mEHP

EPB

nPPB

nBPB

BPA

Greece; n=239;
this study

132.6

w
©
]

w
w
(V)

N
»
N

=
o
(o]

n
©

Ay
N

<LOD

=
l_\

France; n=287;
(Mortamais et al., 2012)

106.0

Denmark; n=200;
(Tefre de Renzy-Martin et al.,
2014)

18.9

35.3

13.9

5.7

3.72

2.3

11

France; n=279;
(Zeman et al., 2013)

34.3

68.7

45.5

44.4

32.9

13.0

17.9

Denmark; n=143;
(Frederiksen et al., 2013)

16.0

<LOD

<LOD

<LOD

Korea; n=757,
(Lee et al., 2014)

1.6

USA; n=866;
(Quiros-Alcala et al., 2013)

11

Spain; n=479
(Casas et al., 2013)

2.2

USA,; n=244,
(Braun et al., 2011)

2.2

USA; n=249;
(Braun et al., 2009)

1.8
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Table 15. Children: Comparison with similar studies, creatinine adjusted median (ug/g) values

Country;

number of 0 o o 0

samples; age (Y); | o o & I 5 Q e o 0 Q @ e @ <
reference = € £ E E E E = i 2 = 2 - &5
Present study; 53.5 48.8 27.9 40.7 | 354 | 7.0 106 | 176 | 15 <mLOD | 1.5 <mLOD | <mLOD | 1.9
Greece; n=500

Previous Rhea | 86.6 101.6 | 62.3 71.0 | 51.0 | 17.0 | 91 42,6 | 3.7 <LOD 2.3 <LOD <LOD 5.2
study, 2.5-year

children; Greece;

n=239;

Denmark; n=845; | 33.5 - 209.0 | 52.0 | 27.0 | 23.0 | 6.8 - - - - - - -

4-9y;

(Boas et al., 2010)

USA; n=379; 7.3y; | 164.9 | 22.5 68.4 739 | 476 | 418 | 6.4 - - - - - - -

(Teitelbaum et al.,

2012)

Germany; n=465; | 21.4 41.1 42.3 20.2 | 135 | 6.0 2.23 | - - - - - - 1.8
8-10y;

(Kasper-

Sonnenberg et al.,

2014)

Denmark; n=143; | - - - - - - - 0.9 0.26 | <LOD <LOD | <LOD <LOD -

6-11vy;

(Frederiksen et al.,

2013)

USA; n=292; - - - - - - - - - - - - - 3.2
Sy,

(Harley et al., 2013)

China; n=1089; 9y; | - - - - - - - - - - - - - 1.3
(Hong et al., 2013)

China; n=666; - - - - - - - - - - - - - 2.2
9-12y;

(Wang et al., 2014)

USA; n=229; 1-3y; | - - - - - - - - - - - - - 14.0

(Braun et al., 2011)
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3.6 DEHP metabolism
Relative metabolic rates RMR1 and RMR:z were calculated for mothers (N=170), 2.5 years old

children (total N=136, female and male) and 4 years old children (N=500) for samples in which, all three DEHP
metabolites were detected. The RMR1 arithmetic mean for mothers was 3.33, for 2.5 years old children 8.06
and for 4 y.0. 5.11. Male 2.5 y.o. children mean RMR1 (8.83) was higher from 2.5 y.o. female children (6.67)
but without statistically significant difference (independent sample t-test, p-value 0.17). Instead, male 2.5 y.o.
children mean RMRz (0.72) was significantly lower (p-value 0.03) compared to 2.5 y.o. female children (0.81).
RMR: at 4 y.o. children arithmetic mean was 0.85.We compared RMRs in 4-year children with 2.5-year. We
didn’t not compared with pregnant women due to heterogeneity among population groups. The results are
depicted in Figure 4. The RMRu1 in 4-year children is statistically significantly lower (independent samples t-
test, p-value<0.001) compared to 2.5-year children (RMR1: 8.06). RMR2 was in comparable levels for 4-year
(0.85) and 2.5-year (0.76) children.

To sum up: l)the transformation of mEHHP to mMEOHP seems to be faster in 2.5 y.o. male children
compared to female and 1) the transformation of mMEHP to mEHHP (as expressed by RMR1) seems to be
negatively related with age, an observation also reported by Song et al. (Song et al., 2013). However, other
studies (Barr et al., 2003; Becker et al., 2004; Kasper-Sonnenberg et al., 2012; Koch et al., 2004b) reported
contrasting results, indicating that DEHP metabolism is related both with children age/gender and

differentiates between mothers and children.

DEHP RMRs comparison

9,0
8,0
7,0
6,0
5,0
4,0
3,0
2,0
1,0
0,0
2.5-year children 4-year children

B RMR1 ®mRMR2

Figure 4. DEHP relative metabolic rates comparison, arithmetic mean values

3.7 Patterns of exposure
Statistically significant correlations (2-tailed Spearman) were observed between the creatinine

adjusted molar concentrations (umol/g) of the studied compounds both for mothers and children. We only
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present correlations with p-values lower than 0.01. Almost all studied metabolites correlated positively (Tables
16 and 17). The observed correlations suggest exposure to mixtures of PBs, PEs and BPA, although further
analysis is required to trace more specific mixtures. 2.5 y.o. children exact age correlated negatively (-0.193 -
-0.476) with all studied metabolites concentration levels (Table 17). An interpretation of this observation is that
the food exposure ratios (consuming food mass/body mass), the corresponding dermal exposure ratios (skin
surface/body mass), and the floor-to-mouth behaviour decrease as children age increases (Casas et al., 2011;
Wittassek et al., 2007). For 4 y.o. children, negative correlation with age was observed only for BPA (-0.176,
p-value<0.01) possibly due to the lower age variance of the 4 y.o. children and the lower development rate in
higher ages. Finally, DEP, DnBP, BBP metabolites and EPB showed weak (0.133-0.225) correlation between
mother and 2.5 y.o. children levels, as also observed previously (Cutanda et al., 2014). No statistically
significant correlations were found for the remaining studied compounds between mothers and children (Table
17). This fact indicates that, although we examined two different individuals within a time interval of ca. three
years (sample collection time from women during pregnancy and from their children) implying also changes
in PEs-PBs-BPA market, some sources of exposure are common for people living together (house, car use
etc.). Furthermore, the need for repeated measurements is highlighted since the correlation between mother

and children levels is weak.

Table 16. Two-tailed Spearman's correlation coefficients, p-values <0.01

DiBP DnBP BBP DEHP MPB EPB nPPB BPA
Age (y) -0.176
DEP 0.463 0.333 0.332 0.494 0.453 0.367 0.409 0.274
DiBP 0.685 0.634 0.614 0.371 0.307 0.387 0.447
DnBP 0.699 0.629 0.310 0.268 0.334 0.508
BBP 0.637 0.292 0.247 0.349 0.395
DEHP 0.395 0.343 0.411 0.454
MPB 0.620 0.675 0.273
EPB 0.569 0.301
nPPB 0.293

In order to obtain more specific information about exposure patterns, a PCA was applied to
concentration data. The results were identical for all three population groups (see Appendix 2 and 3). For this
reason, they are presented from 4 years old children (see Appendix 2 and 3 for 2.5 y.o. children and pregnant
women respectively). Two distinct patterns were perceived (Table 18, Figure 5), one is mostly due to usage
of plastics such as food packaging, toys, car parts, clothing, furniture etc. and the second is usage of personal
care-hygiene products and cosmetics (Elder 1984; Geens et al., 2012; Wormuth et al., 2006). Two factors
were retained with Eigen values over 1.000 and expressed 54.96% of the variance. The first factor indicates

that PBs exposure is combined furthermore DEP is present in these mixtures since all PBs and DEP are
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correlated positively. The second factor denotes that BPA and PEs are correlated and the exposure to them
is also combined. The PBs-DEP mixtures are possibly from usage of personal care-hygiene products and the
PEs-BPA from plastic usage (food packaging, toys, car parts, clothing, furniture etc.) (Elder, 1984; Geens et

al.,, 2012; Wormuth et al., 2006). The same distinct patterns were also perceived in 2.5-year children and

during pregnancy.

Table 17. Mother-child pairs: two-tailed Spearman's correlation coefficients, p-values <0.01

o o
fra) % I ) m a2 < o o & & ¢ m foa) T <
c aa) w o o o o w o c m w o o a a
e |12 |2 |z |Y S |2 |2 |2 |@ |a o |= |W S X
= = = = = = b3 o (@) o o (@) o (@) O (@)
M-DEP 0.17 | 0.25 | 0.34 | 0.28 0.20
M-DiBP 0.44 | 0.35 | 0.42
M-DnBP 0.37 | 0.49 0.23
M-BBzP 0.44 0.25 0.18
M-MPB 0.54 | 0.84
M-EPB 0.46 0.13
C-Age (y) -0.43 | -0.43 | -0.48 | -0.37 | -0.19 | -0.38 | -0.47 | -0.38 | -
0.21
C-DEP 052 (048 | 0.38 | 0.27 | 0.36 | 0.40 | 0.37 | 0.19
C-DiBP 0.76 | 0.44 | 042 | 032 |0.31 |0.34 |0.29
C-DnBP 058 (048 | 0.29 | 0.34 | 0.34 | 0.31
C-BBzP 050 | 0.27 | 031 | 0.27 | 0.32
C-DEHP 0.17 0.19 | 0.30
C-MPB 0.67 | 0.81
C-EPB 0.67 | 0.20

M-: mothers, C-: children
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Figure 5. 4 years old children: principal components plot

Table 18. 4 years old children: rotated component matrix and total variance explained of PCA

Component 1 2
Eigenvalue 3.72 1.78
% of Variance 3720 17.76
Cumulative % 54.96 37.20
DnBP 0.10 0.84
BBP 0.80
DEHP 0.25 0.72
DiBP 0.20 0.65
BPA 0.55
DEP 0.44 0.31
MPB 0.85

EPB 0.82 0.13
nPPB 0.81 0.18
nBPB 0.62

Coefficients <0.1 are not presented. Rotation converged in 3 iterations
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3.8 Estimated daily intake based on urinary metabolites, indoor air and drinking water concentration levels
The estimated daily intake levels for all PBs and PEs (median values, Table 19) were higher for mothers

in pregnancy than for their children at 2.5 years of age (Wilcoxon signed ranked test, p-value<0.001), except
for DEHP (also higher in mothers but p-value was 0.055), as shown in Figure 6. In contrast, BPA-Dl, was
higher in children compared to their mothers (Wilcoxon signed ranked test, p-value 0.013). Although, we must
take into account that there is an almost three years distance between samplings and except for
differentiations in pregnant-child exposure, changes in PEs, PBs and BPA market may also affect exposure
levels. DEP for mothers and DEHP for children, were the two PEs with the highest median values of Dly,
followed by DiBP, DnBP and BBP in decreasing order. The estimated DIy of all PEs was higher in mothers
compared to children, in contrast to the creatinine-normalised values (Tables 7-12). This is explained by the
fact that although creatinine adjustment is a very useful tool to normalise urine density and compare urinary
concentration of a homogenous population, it does not take into account that creatinine excretion is dependent
on muscle mass and body height (Barr et al., 2005b). Furthermore, DEHP DIy was the highest in children and
the second highest in mothers, in contrast to DEHP metabolites levels, which were relatively lower compared
to those of other PEs metabolites. This observation is due to the extended metabolism of DEHP to many
compounds (Koch et al., 2005b). The values of Reference Doses (RfD, ug d* kg; DEP: 800, DnBP: 100,
BBP: 200, DEHP: 20, BPA: 50) established by U.S. Environmental Protection Agency (U.S. Environmental
Protection Agency, 2005a; U.S. Environmental Protection Agency, 2005b; U.S. Environmental Protection
Agency, 2005c¢) and of Tolerable Daily Intake (TDI, ug d* kg*; DEP:500, DnBP:10, BBP:500, DEHP:50, BPA:
50 (established) / 5 (temporary)) set by the European Food Safety Authority (European Food Safety
Administration, 2005), were compared with our results. Concerning about mother-child pairs (pregnancy-2.5
y.o.), for DnBP, the 5.9% of mothers revealed higher DnBP-Dl, than DnBP-TDI (0.8% of subjects higher
compared to DnBP-RfD). For DEHP, the 6.8% of mother’'s Dlu exceeded RfD (0.6% exceeded DEHP-TDI).
For 2.5 y.o. children, the 1.7% of cases were found exceeding DnBP-TDI. Finally, the 6.3% of 2.5 y.o.
children’s DEHP-DIy was higher than the corresponding DEHP-RfD (1.3% of subjects exceeded TDI). For PBs
daily intake, the same patterns were observed with concentration values (Tables 3 and 4, Figure 1). The higher
intake of PBs and PEs (except from DEHP) by mothers can be interpreted by the extensive usage of cosmetics
(Elder 1984). This was not observed for DEHP, which is widely used as plasticizer (Wormuth et al., 2006).
BPA-Diu was the lowest among the examined endcrine disruptors for both mothers and children. Furthemore,
none subject of the study exceeded neither current nor recommended BPA-TDI (current: 50 ug d* kg’
recommended: 4 ug d* kg?) (EFSA 2014).

Concerning about 4 years old children (Table 20) highest median PEs-DIy was exhibited by DEHP
(4.02 ug d* kg?) followed by DnBP, DiBP and DEP (0.70 — 1.30 ug d* kg?). The DI, of BBP was in relatively
lower levels (0.17 pg d* kg?). Regarding about PBs, MPB had the highest DIy (25.75 ug d* kg!) with EPB
and nPPB at comparable levels (1.93 - 2.01 ug d* kg). BPA showed the lowest median Dl (0.026 ug d* kg
1) (Table 5). For RfD, 3.6% of the children exceeded DEHP-RfD (20 ug d* kgt). For TDI, 0.2% exceeded DEP-
TDI, 0.4% DiBP-TDI, 1% exceeded DnBP-TDI and 1% DEHP-TDI. BPA-DI didn't exceed even the strictest
proposed-TDI (4 yg d* kg?) in any case.
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Table 19. Pregnant women-their 2.5 tears old children: estimated daily intake of PEs, PBs and BPA

Minimum Median | 95t Maximum Arithmetic Geometric 95% ClI
percentile mean mean
239 mothers, (ug d* kg?)
DEP 0.2 6.9 74 182.4 17.9 7.1 6.0-8.4
DiBP NC 2.1 11 30.6 3.4 2 1.7-2.3
DnBP NC 1.9 114 4839.8 24 1.7 1.5-2.1
DEHP NC 4.4 25.6 1015.0 12.2 4.1 3.5-4.8
BBzP NC 0.3 1.8 9.9 0.6 0.3 0.3-0.4
MPB NC 500.0 17076.1 388041.8 6388.1 532.7 413.6-688.8
EPB NC 13.2 599.9 2388.4 109.3 16.4 12.4-21.3
isoPPB | NC NC 4.0 281.2 4.8 NC NC
nPPB NC 73.3 3818.5 162105.5 2203.1 58.2 40.1-82.2
isoBPB | NC NC 8.1 183.5 2.0 NC NC
nBPB NC NC 82.6 781.4 20.0 NC NC
BPA NC 0.03 0.14 4.23 0.08 0.04 0.03-0.04
239 2.5 years old children, (ug d* kg™?)
DEP NC 1.4 8.6 91.4 29 1.3 1.1-15
DiBP NC 1.4 8.2 36.0 25 1.5 1.30-1.7
DnBP NC 1.0 6.6 50.8 1.9 0.9 0.8-1.1
DEHP NC 4.0 21.6 69.6 6.8 3.3 2.8-3.9
BBzP NC 0.2 1.3 9.0 0.5 0.3 0.2-0.3
MPB NC 66.6 3674.9 26526.7 772.5 97.5 77.5-123.54
EPB NC 5.8 375.1 4353.3 85.9 7.0 5.4-9.1
isoPPB | NC NC NC 42.0 0.5 NC NC
nPPB NC 3.4 435.4 5812.6 100.1 5.0 3.7-6.7
isoBPB | NC NC 0.16 2.6 0.1 NC NC
nBPB NC NC 2.9 217.0 2.3 NC NC
BPA NC 0.05 0.37 1.54 0.10 0.04 0.04-0.05

NC: not calculated

Dlu levels for 4-years old children were compared with those for 2.5-years old children as individual

populations, using Mann-Whitney U test. As can be seen in Figure 6, 4-year old children displayed the lowest

Dlu for all examined chemicals (Tables 19 and 20). This difference is lower vs 2.5-year old children for all

studied compounds (p-value < 0.003) except DEP and DEHP. We tested also the differences between only

the paired samples at 2.5-year and 4-year (Wilcoxon signed ranked test) and the results were similar. To

conclude, there is general trend in most cases which shows that Dly is higher in 2.5-years old children

compared to 4-years old. This trend aids the fact that early childhood is the most vulnerable life period to
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endocrine disruptor exposure (World Health Organization, 2012) due to higher exposure except from

increased human organism susceptibility. Although, it must be taken into account the changes/restrictions in

PEs, BPA (European Food Safety Administration, 2015) and PBs market probably have lowered/altered the

exposure through last years and therefore, between sampling periods.

Table 20. Estimated daily intake of PEs, PBs and BPA (ug d* kg?)

Arithmetic Geometric Geometric Minimum Median 95% percentile | Maximum

mean mean mean 95% ClI
DEP 4.89 1.41 1.27-1.57 0.04 1.30 10.89 726.23
DiBP 1.76 1.01 0.90-1.13 <mLOD 1.20 5.31 23.84
DnBP 1.33 0.53 0.46-0.62 <mLOD 0.70 4.25 22.94
BBP 0.38 0.17 0.15-0.19 <mLOD 0.17 1.32 15.95
DEHP 6.48 3.83 3.50-4.18 0.06 4.02 17.30 206.92
MPB 178.34 33.88 29.78-38.54 1.52 25.75 589.88 8616.56
EPB 17.15 2.52 2.18-2.91 <mLOD 2.01 57.23 706.04
isoPPB | 0.32 NC NC <mLOD <mLOD <mLOD 33.50
nPPB 22.41 2.55 2.16-3.00 <mLOD 1.93 76.74 1082.29
isoBPB | 0.54 NC NC <mLOD <mLOD 0.31 112.85
nBPB 1.43 NC NC <mLOD <mLOD 1.48 217.56
BPA 0.045 0.024 0.021 <mLOD 0.026 0.143 1.327

NC: not calculated

Table 21. Concentration levels of PEs in indoor air and tap water and corresponding daily intake

compared with urinary daily intake, average values.

PEs Home air | Car interior | Tap water Air daily | Water daily | Total daily
concentration air concentration | intake (Dla) intake (Dlw) | intake 4-year
(ng/m3) concentrati | pg/mL (mg dikg?l) | (ugdikg?t) | old children
on (Dlu)
(ng/m3) (ng d*kg™)
DEP 1705.1 2459.6 574.6 0.733 0.031 4.888
DiBP 944.6 759.5 2058.6 0.405 0.112 1.762
DnBP 467.6 235.8 1165.4 0.200 0.063 1.329
BBP 5.8 7.3 <LOD 0.002 NC 0.379
DEHP 178.2 350.4 415.9 0.077 0.023 6.475

NC: not calculated

PEs concentration levels in water, indoor air (homes and cars) and the estimated corresponding daily

intakes (from water, air and from all sources calculated through urine concentrations) are presented in Table
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21. Home and car air showed comparable concentration patterns, with DEP being the most abundant PE,
followed by DiBP, DnBP/DEHP and BBP. For drinking water, DiBP showed the highest levels followed by
DnBP, DEP and DEHP. BBP was not detected in water samples. The estimated Dlw and Dla indicated that
intake though air inhalation is generally higher compared to water ingestion. However, both of these routes of
exposure represent a small fraction of the total PEs exposure, expressed by DIy, Although the different periods
of sampling for air, water and urine may limit the accuracy of our estimations, we consider that the differences

in DI levels are very important to contradict our observations.

Daily Intake comparison
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’ | | I )
1 |n
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o

=

®m Mothers O2-year children ®4-year children

Figure 6. Estimated daily intake comparison for Rhea cohort subjects, median values (ug d* kg?), y axis in

logarithmic scale
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4, Conclusions

We have developed the first common clean-up procedure for the determination of phthalate
metabolites, PBs and BPA. In addition, we elaborated an HPLC-ESI-MS/MS method, with chromatographic
characteristics, suitable for the identification and quantification of seven phthalate metabolites, six PBs and
BPA in human urine. This method provided a clear separation of n-/iso- structural isomers of butyl-paraben
and propyl-paraben. To the best of our knowledge this is reported for the first time by using conventional HPLC
columns. The described clean-up procedure and LC/MS method were successfully applied to human urine

analysis allowing the determination of the reported analytes in a large number of samples.

Furthermore, we assessed the exposure levels of PEs, PBs and BPA in two hundred and thirty nine
pregnant women, in their children at 2.5 years of age and in five hundred (500) 4-year old children (all subjects
of Rhea cohort). In our study, the first in Greece and one of the few existing in this scale globally, we observed
lower phthalate (except DEHP) and PBs daily intake for children than mothers while BPA daily intake was
higher in children. Total daily intake at 4-year old children was lower than the corresponding of 2.5-year old
children. The determination of PEs in drinking water and indoor air, in order to evaluate their corresponding
exposure, revealed their low input to the total exposure, evaluated through the metabolites urine
concentrations. Comparison with other studies worldwide did not reveal strong differentiations in concentration
levels for PEs metabolites and BPA. For PBs there is need for more studies to proceed to solid conclusions.
For DINP exposure, mNP is not a proper biomarker. Children metabolite levels decreases with age increase.
Male 2.5 years old children demonstrated higher concentrations of six PEw metabolites and n-PPB compared
to females at the same age. PCA grouped the exposure to two distinct sources: plastic for PEs-BPA and
personal care-hygiene products for PBs-DEP. DEHP metabolism rate appears differentiated between mother-
child pairs and female-male children. The rate of mEHP transformation to mEHHP (a phase of DEHP

metabolism) seems to be age- and sex- related.
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Abstract

Phthalates, bisphenol-A (BPA) and parabens (PBs), organic chemicals widely used in everyday products, are
considered to be endocrine disruptors. We propose a liquid chromatography—tandem mass spectrometry (LC-
MS/MS) method for the determination of seven phthalate metabolites, six PBs and BPA in human urine. All
three categories of the above endocrine disruptors were simultaneously extracted, from 1 mL of human urine
using solid phase extraction. In addition, with a conventional reversed phase LC column, we achieved for the
first time the separation of three pairs of structural isomers, namely, iso-/n- butyl paraben, propyl paraben and
monobutyl phthalate. LC-MS/MS was operated and tested in both electrospray ionization (ESI) and
atmospheric pressure chemical ionization (APCI). ESI was selected for the analysis due to its superior stability
and repeatability. The method limit of detection (mLOD), achieved for a single set of HPLC conditions, ranged
from 0.01 to 0.84 ng/mL for phthalate metabolites, from 0.06 to 0.24 ng/mL for PBs, and was 2.01 ng/mL for
BPA. Derivatisation of BPA with dansyl chloride lowered its mLOD to 0.007 ng/mL. Blank contamination was
non-detectable. The present method was successfully applied for the analysis of the above-mentioned

compounds in 80 male human urine samples.

Keywords: urinary biomarkers; bisphenol-A; parabens; phthalate metabolites; dansyl chloride derivatisation;

HPLC-ESI-MS/MS
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Introduction

Endocrine disruptors (EDs) are a group of organic compounds, which cause serious alterations to the normal
hormone function in humans and wildlife [1]. EDs interfere with hormone biosynthesis, metabolism or action
resulting in a deviation from normal homeostatic control or reproduction in humans [2]. They disrupt the
endocrine system by competing with naturally occurring hormones, such as estradiol, or by altering the
synthesis and metabolism of these hormones [3]; in addition, there is evidence of reproductive toxicity in
laboratory animals and possible health effects in humans [4]. Bisphenol-A (BPA), parabens (PBs) and
phthalates are well recognized EDs. Six (6) billion pounds of BPA are produced each year worldwide and over
220,000 pounds of this compound are released yearly into the atmosphere [5]. Phthalates, with over 18 billion
pounds used each year, represent one of the world’s high production chemical families [6] and PBs, which are
used in over 13.200 formulations in nearly all type of cosmetics [7]. Human exposure to these chemicals is
occurring through the environment, food intake and the use of products containing them, through inhalation,

dermal contact and ingestion [8-12].

Phthalate esters (1,2-diesters) have a variety of common uses. High molecular weight (HMW) phthalates are
used in plastic as softeners and low molecular weight (LMW) phthalates are used in personal care products
and pharmaceuticals [13-15]. Previous animal tests and epidemiological studies have associated exposure to
phthalates with detrimental effects to reproductive and developmental health, as well as increased risk to
cancer [8-10]. Phthalates normally follow a metabolic pathway in at least two steps, a hydrolysis (phase-I)
where the phthalate diester is hydrolysed into the primary metabolite monoester phthalate and is followed

(phase-Il) by a conjugation in order to form the more hydrophilic glucuronidated metabolite [16].

The 2,2-bis (4-hydroxyphenyl) propane or bisphenol-A (BPA) is used in industry for the production of many
pesticides, resins and polycarbonate plastic. BPA can be found in food and beverage processing, and in many
products like dental sealants, personal care products, baby bottles, building materials, flame retardant
materials, and optical lenses, materials for the protection of window glazing, DVDs, and household electronics
[4,17,18]. Human exposure to BPA is linked to heart diseases, diabetes, liver abnormalities, reproduction
adverse effects and alterations in the thyroid [19,20]. BPA is excreted mainly via urine in its free form or in its

more hydrophilic glucuronide/sulphate conjugate form [4,21].

PBs is a group of alkyl esters of p-hydroxybenzoic acid. They have low cost of production and demonstrate

high chemical stability, inertness, and low acute toxicity [1]. These characteristics made them desirable in
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industry, as antimicrobial preservatives against mould and yeast, in cosmetics, in pharmaceuticals and in food
and beverage processing [7]. PBs occur also naturally in food, wine, and plants [22]. In vitro studies indicate
that PBs induce the growth of MCF-7 human breast cancer cells and influence the expression of estrogen
dependent genes [23,24]. In general, PBs are partially hydrolysed by esterases to p-hydroxy-benzoic acid and
produce glycine/glucuronide/sulphate conjugates, with increased water solubility that are more amenable to

urinary excretion than are the free species [22,25].

In order to assess the exposure of humans, to phthalates, PBs and BPA, measurement of the urinary
concentration of free species and their conjugates is essential [26-29]. Several methods suitable for measuring
phthalate metabolites, BPA or PBs have been published, but none of them measure all three compound
classes [30-35]. Furthermore, only Ultra Performance Liquid Chromatography (UPLC) has been reported to

sufficiently separate the structural isomers of propyl- and butyl- paraben [30].

We aimed to develop a suitable chromatographic method for assessing human exposure to the above-
mentioned important EDs. Our main goals were, |) to develop a common clean-up procedure for phthalate
metabolites, PBs and BPA, present in human urine samples; Il) to separate the structural isomers of propyl-
paraben, butyl-paraben and monobutyl phthalate metabolite, by using conventional HPLC, instead of UPLC
columns and pumps; and Ill) to succeed the lowest possible detection limits for all the above-mentioned EDs.
We thus achieved high sensitivity, selectivity and the capability to analyse large numbers of samples in
reasonable times, making the method eminently suitable for epidemiological studies. In order to test the
applicability and appropriateness of the present method we applied it for the analysis of phthalate metabolites,

BPA and PBs in a large number of male urine samples.

Materials and methods

Analytical standards, reagents and consumables

Mono-ethyl phthalate (mEP), 13Cas-labeled mEP, mono-n-butyl phthalate (mnBP), 13Cas.labeled mnBP, mono-
iso-butyl phthalate (miBP), mono-benzyl phthalate (mBzP), 3Cas.labeled mBzP, mono-2-ethyl-hexyl phthalate
(mEHP), mono-2-ethyl-5-hydroxy-hexyl phthalate (MEHHP), 3Cas.labeled mEHHP, mono-2-ethyl-5-oxo-hexyl
phthalate (MEOHP), 13C4.labeled mNP, 4-methylumbelliferrone, 3Ca-labeled 4-methylumbelliferrone and Die-

Bisphenol-A (D1s-BPA) were obtained from Cambridge Isotope Laboratories (USA). 4-methylumbelliferryl
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glucuronide, 3Cs.labeled MPB, 3Cs.labeled EPB, '3Ces.labeled n-PPB, 13Ce.labeled n-BPB, dansyl chloride,
formic acid (for MS, 98%), solvents (Chromasolv grade for HPLC acetonitrile, ethyl acetate, acetone and
methanol) and ammonium hydroxide (28% w/v in water) were purchased from Sigma Aldrich (Germany).
Methyl-paraben (MPB), ethyl-paraben (EPB), n-propyl paraben (n-PPB), n-butyl paraben (nBPB), (iso-BPB)
iso-butyl-paraben, Bisphenol-A (BPA) and iso-propyl paraben (iso-PPB) were purchased from AccuStandard
(USA). Glacial acetic acid was purchased from Carlo Erba (ltaly) and orthophosphoric acid (85% wi/v in
aqueous solution) from Riedel de Haen (Switzerland). Ammonium acetate and monosodium phosphate
(reagent grade) were provided by Fluka (Germany). Escherichia Coli (E.Coli) B-glucuronidase (140 U/mL) was
purchased from Roche (Germany). SPE cartridges (Nexus, 60mg sorbent /3 mL reservoir and 200mg sorbent
/ 6mL reservoir) were acquired from Varian (USA). High purity water (18.2 MQ x cm electrical resistivity), was

produced by PURELAB Ultra lonic purification system (ELGA, USA).

Preparation of standards

All standard solutions were stored sealed at -20 °C in Teflon-capped bottles. Phthalate metabolites and 4-
methylumbelliferrone standards (native and labelled) obtained in solutions (100 ug/mL in methyl-tert-butyl
ether or acetonitrile). 4-methylumbelliferryl glucuronide standard stock solution was prepared in water at 1000
pg/mL. Dansyl chloride standard solution was prepared in acetone at 12.5 mg/mL. PBs, BPA and Dis-BPA
stock solutions were prepared in methanol at 250 pg/mL. Working solutions were prepared at concentrations
of 1 yg/mL in 1:1 methanol/water for mass spectrometer optimisation and at 2-8 pg/mL in synthetic urine [31]
for spiking samples and calibration curves. Quantitative analysis was based on peak area measurements as
ratios with the peak area of their corresponding internal standard. For phthalate metabolites isotopically
labelled analogues of native compounds were used as internal standards, except for miBP, mEOHP and
mMEHP where 13Cs-mnBP and 3Cs-mEHHP were used because the labelled analogues were not commercially
available to us for the period of the study. For PBs analysis 1*Cs-analogues of methyl-, ethyl, n-propyl and n-
butyl parabens were used as internal standards. For BPA analysis, Dis-BPA was used as the internal
standard. Calibration curve solutions, blank, recovery and quality control (QC) samples were prepared in

synthetic urine.
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Instrumentation

All analyses wereperformed on an LC-MS/MS system consisting of an RP-HPLC chromatograph coupled to
a mass spectrometer. Sample injections were performed via a Surveyor Autosampler (Thermo Finnigan,

USA).

The chromatographic separation of PBs-BPA-phthalate metabolites was achieved using a Surveyor LC
system (Thermo Finnigan, USA), equipped with a BetaSil Phenyl (3 um, 100 mm x 2.1 mm) analytical column

from Thermo Scientific (USA).

Dansylated-BPA/D1s-BPA were analysed with a PerfectSil Cs (3 ym, 125 mm x 2.1 mm, MZ-Analytical,
Germany) analytical column. The mass detection was achieved with a TSQ Quantum triple quadrupole mass
spectrometer equipped with both ESI and APCI source (Thermo Finnigan, San Jose, USA). The system was

controlled by the Xcalibur software, which also was used for the data acquisition, analysis and quantitation.

Mass spectrometry conditions

The mass spectrometer was operated in the selected reaction monitoring (SRM) mode. Source collision
induced dissociation (Source CID) and tube lens voltage were set at optimum values for each SRM. Collision
gas was Ar at 2.0 mTorr.

For PBs-BPA-phthalate metabolites, ESI in negative mode was chosen as the ionization source. Sheath gas
pressure (32-45 arbitrary units, au) and auxiliary gas pressure (20 au) were N2 and as with spray voltage
(4000-4400 V) and Lens 0 offset (1.0-1.3 V), optimum values were set at each time segment. lon transfer
capillary temperature was set at 330°C.

The monitored SRMs of the studied compounds and their isotopically labelled internal standards are presented
in Table 1. Dwell time was set at 0.1-0.2 sec except for BPA in which case it was set at 1.5 sec.
Dansylated-BPA was measured with ESI in the positive mode. Sheath gas pressure (35 au) and auxiliary gas
pressure (20 au) were Nz. Spray voltage was set at 4000 V and Lens 0 offset at 0.4 V. lon transfer capillary
temperature was set at 300°C. The SRMs are depicted in Table 1. Dwell time was set at 0.75 sec for
quantitation ion, 0.55 sec for confirmation ion and 0.2 sec for D1e-BPA ion.

HPLC conditions

Injection volume was 20 pL and autosampler settings were as follows: flush volume 1600 pL, wash volume
1600 pL, flush speed 100 plL/s and as wash/flush solvent was used methanol-water 1:1. For PBs-BPA-

phthalate metabolites, we modified the gradient used by Silva et al. [32] as depicted in Supplementary Table
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S1. Flow rate was set at 350 pL/min. For dansylated-BPA analysis, the applied gradient (200 pyL/min flow rate

and 0.1% formic acid as mobile phase additive) is presented in Supplementary Table S2.

Sample preparation

After collection, samples were stored at -18 °C and were thawed overnight at 4 °C before analysis. Treatment
and clean-up of the samples was based on previous work [33] but modified as follows: Urine samples (1 mL)
were transferred to a Falcon tube (polypropylene, 15 mL) and spiked with 100 ng 3Cs-labeled phthalate
metabolites and 13Cs-labeled 4-methylumbelliferrone, 20 ng 3Ce-labeled PBs and 200 ng 4-
methylumbelliferryl glucuronide. The hydrolysis step, with use of E.Coli or H.Pomatia B-glucuronidase, has
been reported and evaluated in numerous publications [34,36,37]. We have used the E.Coli B-glucuronidase
hydrolysis as follows: E.Coli -glucuronidase buffer (prepared daily, per sample: 10 pyL E.Coli B-glucuronidase
and 250 yL ammonium acetate buffer, 1M in aqueous solution, pH 6.5) was added to the urine samples and
hydrolysis was completed at 37 °C for 90 min. After enzymatic hydrolysis completion, 1 mL of ammonium
hydroxide buffer (0.15 % w/v NH4OH in 1:1 acetonitrile-water) was added to the samples, which were loaded
onto the 60 mg solid phase extraction cartridge. The eluents of the first cartridge (60 mg) were acidified with
3 mL monosodium phosphate buffer (0.14 M NaH2PO4, aqueous solution, at pH 2) and loaded onto the second
solid phase extraction cartridge (200 mg). The eluents from the 200 mg cartridge were discarded. Both
cartridges were eluted with 3 mL acetonitrile and 3 mL ethyl acetate each. The eluents of both cartridges (12
mL in total) were combined and evaporated to dryness with a rotational vacuum concentrator RVC 2-25
(Martin Christ, Germany) (60 °C, 20-45 mbar, 150 min for 18 samples). The residues were dissolved in 0.4 mL
of water and transferred to a 2 mL autosampler glass vial with a 0.4 mL volume insert. After phthalate
metabolites-PBs-BPA LC-MS analysis, in order to enhance BPA detection limit, 160 pyL 7% v/v aquatic
ammonium hydroxide and 40 pL dansyl chloride 12.5 mg/mL in acetone were added to the autosampler vials
containing the samples (200 pL, the rest was discarded) and with 0.5h heating at 65 °C, dansylation was
completed and samples were re-analysed with LC-MS. Dansylated-BPA structure is presented in Figure 1. In
order to normalise the variability in urine density, an aliquot of 0.5 mL for each urine sample was analysed to
determine the creatinine by concentration using the OLYMPUS 2700 immunoassay system (Beckman Coulter,

USA).
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Analytical performance

The following parameters were evaluated for the analytical performance of the method: isotopic purity of
labelled compounds, recovery and blank levels, method limit of detection/quantitation (mLOD/mLOQ), method
limit of detection/quantitation (MLOD/mLOQ), linearity, accuracy and repeatability. Matrix effects cannot be
calculated accurately due to the variability of urine density among samples. For this reason, an average matrix
effect influence was taken into account for the analyses, by using synthetic urine in calibration curves, blanks,
recovery and quality control samples. In order to check the isotopic purity of labelled compounds, we analysed
an aqueous solution (200 ng/mL) of each standard, three times. To determine the method recovery, 1 mL of
synthetic urine (spiked with native analytes: 1, 5 ng and 50 ng for PBs / BPA and 5, 50 and 100 ng for phthalate
metabolites) was analysed three times for each level and internal standards were added before HPLC-MS
analysis. To determine possible contaminations during analysis (blank levels), 1 mL of synthetic urine was
analysed three times. Instrument limits of detection (iLOD) and quantitation (iLOQ) were set at signal to noise
(S/N) ratios equal to 3 and 10 respectively. iLOD and iLOQ were calculated using a calibration curve in
synthetic urine in order to take into account signal suppression due to matrix effect. The mLOD and mLOQ
were calculated by adjusting iLOD and iLOQ respectively, with the method recovery value and sample
condensation factor using the following equations: [mLOD] = [iLOD] / [sample condensation factor * recovery]
& [mLOQ] = [iLOQ] / [sample condensation factor * recovery]. The linearity of the method (R?) was calculated
by using the linear equation of calibration curve for each analyte. In order to evaluate the repeatability of the
method, a pooled urine sample, spiked with native analytes (1, 5 and 50ng for PBs/ BPA and 5, 50 and 100
ng for phthalate metabolites) was aliquoted and analysed five times for each level. The accuracy of the method
was calculated by analysing quality control QC samples (N=5 for each level), which were prepared by spiking

the same amounts of native compounds as in repeatability test to synthetic urine.

Application to real samples

Eighty (80) urine samples were collected from men, working in the city of Heraklion (Island of Crete, Greece).
The volunteer samples differed into groups based on their professional activity, namely chemists/biologists
working in laboratory (N=28); professors of Chemistry and administration personnel (N=18); bank clerks (N=9);
and hairdressers (N=12); miscellaneous others (N=13). It has to be mentioned that the above samples were
collected in the frame of the EU funded ENVIROGENOMARKERS project (FP7-ENV-2008-1, Grant

Agreement No. 226756), whose goal was to determine only phthalate metabolites. Thus, E.Coli B-
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glucuronidase was chosen as the hydrolysis enzyme. The samples were initially analysed in order to measure
phthalate metabolites and PBs. One injection was performed per sample and the mobile phase contained
0.1% acetic acid. Then, the samples were treated with dansyl chloride in order to enhance BPA detection
limits and were re-analysed with LC-MS (one injection / sample). In every set (N=30) of urine samples, one
blank and two quality control (QC) samples were analysed. Samples which exceeded calibration range were

diluted with synthetic urine and extracted/analysed again.

Results and Discussion

Optimization of mass spectrometry

ESI is the widely used ionisation technique due to its enhanced sensitivity, the low flow rates it requires and
its capability to ionise a wide range of analytes [31,34,37,38]. Although, sensitivity was at same levels with
APCI, the need for frequent maintenance of this ionisation source (cleaning/replacing corona needles,
replacing sample tube) and the significantly larger solvent consumption led us to use ESI. A preliminary
optimization of the mass spectrometer parameters took place with direct infusion of each compound at 10
pL/min flow rate via a syringe pump. Optimization was repeated, after HPLC method development, and each
compound was re-optimized using the chromatographic conditions (flow rate and solvent type), existing at its
retention time. Mobile phase flow (via HPLC pump) and analyte solution flow (via syringe pump) were
connected with a T-junction and were driven to the mass spectrometer. Despite the automatic optimization
capability of TSQ Quantum, in order to achieve more accurate results, we performed this step manually. In
order to achieve appropriate detection limits for phthalate metabolites, PBs and BPA with our mass
spectrometer (TSQ Quantum, model acquired in 2003), we chose to follow one SRM per analyte. Furthermore,
we have tested and optimized two SRMs per analyte without observing co-eluting peaks in any sample. For

dansylated-BPA, two SRMs were monitored.

Optimization of HPLC

For PBs-BPA-phthalate metabolites and with ESI as ionisation source, in addition to the selected BetaSil
Phenyl column, we also tested a PerfectSil 120 Phenyl (3 um, 100 mm x 2.1 mm; MZ-Analytical, Germany)
and a Gemini C18 (3 um, 100 mm x 2 mm; Phenomenex, USA) HPLC columns, which did not provide adequate

separation and peak shapes. Methanol was tested as the mobile phase; although for PBs and BPA analysis
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the results were similar to those obtained using ACN, for phthalate metabolites the separation and peak
shapes were unsatisfactory. With APCI, a pair of tandemly connected Hypersil ODS (5 pym, 250 mm x 4.6
mm, MZ-Analytical, Germany) HPLC columns were tested, with both ACN and methanol used as mobile
phases. Although separation for PBs was similar to that achieved using a BetaSil Phenyl column with ESI, the
gradient was longer, the system pressure and flow rate were significantly higher and the separation of
phthalate metabolites was inadequate. The optimum results for the baseline separation of the structural
isomers of BPB, PPB and mBP, were accomplished with the BetaSil Phenyl HPLC column. The modified
gradient (of a previously reported method [32]; see “Material and methods - HPLC conditions”) we used,
completed the separation of paraben stuctural isomers. The addition of 0.1% acetic acid to the mobile phase
was essential for the retention of phthalate metabolites and their proper separation [34,37,38]. Besides, the
acidic mobile phase suppresses the analyte signal, in the negative ESI mode and increases the iLOD for all
studied analytes (Table 2) and particularly for BPA [34,37,38]. A chromatogram of a pooled urine sample,

spiked with 100 ng of all analytes, is shown in Figure 2.

For dansylated-BPA analysis, between PerfectSil Cg, BetaSil Phenyl and Gemini Cis columns, the first
demonstrated the best chromatographic performance (peak shape, S/N, matrix components separation). The
new gradient, we developed, is presented in Supplementary Table S2, and the chromatographic result of its

use for the analysis of a real urine sample is depicted in Figure 3.

In order to increase reproducibility and zero carry-over effects in HPLC, a mixture of 1:1 methanol-water was
chosen as syringe cleaning solvent and syringe washes were modified as described in the “Material and
methods - HPLC conditions” section. To the best of our knowledge, there is only one report using a UPLC
column for the separation of both paraben structural isomers (butyl- and propyl-) [30]. Another study [39],
applied an unpublished method, which separates both propyl- and butyl- although only few details are given.
In the present study, we achieved for first time, to separate these three isomers using a conventional HPLC

column and pump.

Optimization of sample preparation

Applying the modified clean-up procedure for phthalate metabolites (see “Materials and methods-sample
separation”), PBs and BPA were also effectively retained (Table 3). Furthermore, to analyse more samples
simultaneously and minimize manual intervention, evaporation to dryness was performed with the rotational

vacuum concentrator. Derivatisation of phenolic hydroxyl groups with dansyl chloride is a well-known reaction
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in organic chemistry and it has applied to enhance mass spectrometric sensitivity of urinary BPA [40,41]. We
used agueous NH4OH to buffer the samples, instead of a non-volatile buffer [40,41] in order to prevent blocking
of ion transfer tube after a few injections. Basic pH does not affect BPA deprotonation at ESI source and
therefore does not suppress its signal since it elutes at 15.1 min (NH4OH is not retained by the column) and
the eluent contains 0.1% formic acid. Dansyl chloride added in excess (0.5 mg per sample) to ensure
dansylation for any urine sample (variable concentrations of compounds with phenolic hydroxyls). To the best
of our knowledge, this is the first common clean-up protocol reported for the analysis of phthalate metabolites,

PBs and BPA.

Analytical performance

Recoveries were higher than 59.1% for all studied metabolites and spiking levels except mEHP (41.5 - 43.5%),
which was not eluted effectively from the SPE cartridges possibly due to its high lipophilicity (Table 3). We
consequently achieved method limits of detection at the pg/mL - low ng/mL range. Blank contamination was
not detectable. The linearity, for the expected concentration range (as presented in Table 3), was excellent
(R? > 0.99). All isotopically labelled standards were found without detectable contaminations of native
compounds. Matrix effects have been reported, for both APCI and ESI analyses, of the studied compounds
[33,34,37]. In order to control matrix effects and to perform an accurate analysis, we have used isotopically
labelled internal standards for most of the target compounds. Due to their limited commercial availability in the
period of study, we used nine labelled internal standards for fourteen target compounds. Repeatability
experiments showed standard deviations (STD) <15.0% and accuracy <20.8% for all studied metabolites and
spiking levels (Table 3). The chromatogram of a spiked pooled urine sample, analysed for phthalate
metabolites-PBs-BPA, is shown in Figure 2 and a urine sample, processed with dansyl chloride, is presented

in Figure 3.

Application to real samples

We have applied our method to analyse free and glucuronated metabolites of phthalates, PBs and BPA in
eighty (80) urine samples of adult male subjects (see section “Materials and methods-Application to real
samples”). Enzymic hydrolysis completion was confirmed both by the absence of 4-methylumbelliferryl
glucuronide and by the presence of 4-methylumbelliferrone in the processed samples. Reaction was
successful in all analysed samples. In order to assure the determination of the above-mentioned metabolites,

we performed the instrumental analysis of the samples twice: |) with acetic acid addition to the mobile phase
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to determine phthalate metabolites and PBs Il) and with dansylation of the samples in order to obtain the
optimal sensitivity for BPA. It has to be underlined that with newer MS instruments significantly lower limits of
detection can be achieved and dansylation might be avoided. Chen et al. [37] with an AB-SCIEX API 4000
LC-MS/MS modern instrument (use of 0.1% acetic acid in acetonitrile/H20 as mobile phase and analysis of
0.2 mL volume sample) obtained mLOD for BPA in the order of 0.3 ng/mL. Urinary concentration data, with
the detectability of analytes, are shown in Table 4. Phthalate metabolites were detected, almost in all samples,
at significantly higher levels compared to BPA and PBs. Median values of creatinine-adjusted concentrations
are shown in Table 5. We attempted to trace differentiations between the professional group exposures. The
most interesting outcome is the particularly higher concentrations determined in the hairdressers group
samples compared to the other groups, for mEP, MPB and EPB. This observation is possibly justified by the

extensive daily use of cosmetic products by these professionals [7,8].

Conclusions

We have developed the first common clean-up procedure for the determination of phthalate metabolites, PBs
and BPA. In addition, we elaborated an HPLC-ESI-MS/MS method, with chromatographic characteristics,
suitable for the identification and quantification of seven phthalate metabolites, six PBs and BPA in human
urine. This method provided a clear separation of n-/iso- structural isomers of butyl-paraben and propyl-
paraben. To the best of our knowledge this is reported for the first time by using conventional HPLC columns.
The described clean-up procedure and LC/MS method were successfully applied to human urine analysis

allowing the determination of the reported analytes in a large number of samples.
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Table 1. Selected reaction monitored for phthalate metabolites, parabens, BPA, dansylated-BPA and their

isotopically labelled analogues

Analyte Precursor ion (m/z) Product ion (m/z) Collision energy (eV)
MPB 151.1 92.1 14
13Cs-MPB 157.1 98.1 14
EPB 165.1 92.1 30
13C6-EPB 171.1 98.1 30
nPPB / iso-PPB 179.1 92.1 40
13Cs-nPPB 185.1 98.1 40
nBPB / iso-BPB 1931 92.1 33
13Cs-nBPB 199.1 98.1 30
mEP 1931 77.1 10
13C4-mEP 197.1 79.1 10
mnBP / miBP 2211 77.1 10
13C4-mnBP 2251 79.1 10
mEHHP 293.2 1211 10
13C4-mEHHP 297.2 124.1 10
mMEOHP 291.2 1211 10
mBzP 255.2 105.1 10
8C4-mBzP 259.2 107.1 10
mEHP 277.2 134.1 10
BPA 227.2 212.2 18
D16-BPA 241.2 223.2 19
4methyl-umbelliferrone 177.1 133.1 26
13C4-4methyl-umbelliferrone 179.1 135.1695.5 26
Dansylated BPA quantitation SRM 695.5 1711 40
Dansylated BPA confirmation SRM 695.5 235.1 38
Dansylated D1s-BPA 709.5 170.1 35
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Table 2. Comparison of instrument / method Limits of Detection / Quantification for different conditions

iLOD-ILOQ (ng/mL) mLOD-mLOQ (ng/mL)
Analyte iLOD-ILOQ iLOD-ILOQ iLOD-ILOQ with | with acetic | without with
with 0.1% | without dansylation acid in | acetic acid in | dansylation
acetic acid | acetic acid | (ng/mL) mobile mobile phase
(ng/mL) (ng/mL) phase
mEP - - - 0.40-1.33 - -
mnBP - - - 0.25-0.83 - -
miBP - - - 0.41-1.37 - -
mBzP - - - 0.02-0.07 - -
mEHP - - - 0.84-2.80 - -
mEHHP - - - 0.01-0.03 - -
mEOHP - - - 0.18-0.60 - -
MPB 0.28-0.93 0.14-0.47 - 0.12-0.40 0.06-0.20 -
EPB 0.13-0.43 0.12-0.40 - 0.06-0.20 0.06-0.18 -
iso-PPB 0.41-1.37 0.23-0.77 - 0.24-0.80 0.13-0.45 -
nPPB 0.33-1.10 0.19-0.63 - 0.15-0.50 0.09-0.29 -
iso-BPB 0.15-0.50 0.07-0.23 - 0.08-0.27 0.04-0.13 -
nBPB 0.15-0.50 0.08-0.27 - 0.07-0.23 0.04-0.12 -
BPA 4.43-14.76 0.16-0.53 0.008-0.026 2.01-6.69 0.07-0.24 0.007-0.024
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Table 3. Analytical performance characteristics

Compound Linearity Recovery % Accuracy % Repeatability %

range

(R2>0.99) (n=3, + SD?)

(ng/mL)

Low Medium High Low Medium High Low Medium High

mEP 0.5-512 60.5+6.4 69.5+4.5 68.5+7.5 9.2 5.5 7.3 2.6 2.6 5.2
mnBP 0.5-512 80.7£7.8 87.2+7.8 70.6%£8.2 5.7 6.6 4.2 2.0 7.0 3.5
miBP 0.5-512 73.91£9.6 76.7£5.4 67.3£7.4 9.0 3.9 3.1 6.2 2.7 4.2
mBzP 0.5-512 64.8£5.4 69.4+6.6 67.0£6.7 7.4 4.0 3.8 6.8 55 3.5
mEHP 1-512 43.5+5.2 40.8+1.8 41.5+£16.0 20.8 19.3 5.2 7.9 2.8 5.7
mEHHP 0.5-512 64.2+7.8 62.1+1.8 66.6+7.5 9.1 7.6 6.3 5.2 5.7 5.6
mEOHP 0.5-512 59.1+5.1 79.6£7.9 68.3£7.1 15.6 8.5 7.0 6.9 7.6 6.2
MPB 0.25-512 95.0+8.6 99.8+4.3 91+3.4 19.5 17.8 10.1 11.0 |28 1.2
EPB 0.25-512 99.048.2 103.2+2.6 | 88+6.7 12.7 10.3 13.1 8.0 6.0 15
iso-PPB 0.25-512 75.9£11.5 70.746.1 69+8.0 19.9 0.1 3.9 7.0 4.7 1.9
nPPB 0.25-512 89.8+4.6 95.4+4.3 86+6.9 5.1 3.9 3.7 150 |14 34
iso-BPB 0.25-512 75.3+5.1 80.8+3.8 77+5.7 8.6 6.5 7.5 9.3 1.9 1.8
nBPB 0.25-512 69.8+4.8 87.7£2.7 8315.6 15.2 1.1 1.1 8.6 1.8 1.5
BPA 0.05-64 75.244.2 78.9+4.3 88+5.6 3.1 1.9 1.4 24 2.6 1.6
(dansylated)

asD: standard deviation
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Table 4. Concentration values in ng/mL of urine for 80 urine samples

Median

(ng/mL) Maximum (ng/mL) | Average (ng/mL) Detectability %
MPB 5.5 3868.6 76.7 100
EPB 0.4 205.4 5.9 94
iso-PPB N.D.Pp 0.2 N.D. 1
nPPB 0.2 806.6 21.6 60
iso-BPB N.D. 0.9 N.D. 13
nBPB N.D. 163.0 2.2 15
mEP 100.3 3649.8 218.4 100
miBP 45.2 352.1 58.1 100
mBP 29.9 144.8 41.8 100
mEHHP 52.1 243.0 69.2 100
mMEOHP 34.6 122.4 40.8 99
mBzP 11.3 205.3 15.6 100
mEHP 15.0 99.2 20.5 91
BPA 0.6 3.93 0.85 96

bN.D.: Not Detected
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Table 5. Median concentration values in pg/g of urinary creatinine for 80 samples

2 g k- o
2 2% |E 1% |8 |5/t |& |8 |3 |8 |3|¢
s |4 |2 e |2 @ |& | € E | | | |E |E
Chemists 2.0 0.2 | N.D.c | 0.1 N.D N.D 0.4 | 625 26.1 | 20.7 | 419 | 278 | 9.2 | 10.9
/Biologists
Professors / 2.9 0.3 | N.D. N.D. | N.D. N.D. | 0.4 | 42.0 30.6 | 199 | 27.2 | 150 |52 | 5.8
Administrative
personnel
Bank Clerks 3.5 0.3 | N.D. N.D. | N.D. N.D. | 0.3 | 644 409 | 27.3 | 22.2 | 154 | 4.7 | 10.6
Hairdressers 105 | 1.3 | N.D. 0.5 N.D. N.D. | 0.3 | 146.8 | 294 | 20.2 | 274 | 15.7 | 9.0 | 134
Various 1.6 0.2 | N.D. N.D. | N.D. N.D. | 0.3 | 46.2 228 | 12.7 | 26.0 | 155 |54 | 64

°N.D.: Not detected

97




Figures

O——S——-20 O——S5——-200

PN N

Fig.1 Dansylated BPA structure

98



Relative Abundance

Fig.2 Pooled urine sample chromatograﬁrﬂ? §Midaneous phthalate metabolites / PBs / BPA analysis and

MPB
8.18

EPB
11.91

iso-PPB nPPB
16.13 17.07
n-BPB

iso-BPB 2267
22.18

mEP
8.90

miBP mnBP
17.85 18.44

MEHHP
A19.34
A

MEOHP
20.73

mBzP
23.70

mEHP
29.91

|

BPA
23.17

A
T 1T 1T T [ T T T T [T T T 1

5 10 15 20 25

their SRMs, peak intensities and retention times in minutes

99

\
30

F
35



15.27

S

= Dansylated BPA

©

c

>S5

Q

< 15.11

(O]

2

© Dansylated D,,-BPA J{

i
‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘
0 2 4 6 8 10 12 14 16 18

Time (min)
Fig.3 Urine sample chromatogram for dansylated BPA / Dis-BPA and their SRMs, peak intensities and

retention times in minutes

100



Supplementary Material

Authors: Antonis Myridakis, Eirini Balaska, Christina Gkaitatzi, Antonis Kouvarakis and Euripides G.

Stephanou

Title: Determination and separation of bisphenol A, phthalate metabolites and structural isomers of parabens
in human urine with conventional high-pressure liquid chromatography combined with electrospray ionization

tandem mass spectrometry

Affiliation: Environmental Chemical Processes Laboratory (ECPL), Department of Chemistry, University of

Crete-Voutes Campus, 71003-Heraklion, Greece

Corresponding Author: Euripides G. Stephanou, ECPL, Department of Chemistry, University of Crete-
Voutes Campus, 71003 Heraklion, Greece; Telephone: +30 2810 545210, Emails:

stephanou@chemistry.uoc.gr; euripides.stephanou@gmail.com

101


mailto:stephanou@chemistry.uoc.gr
mailto:euripides.stephanou@gmail.com

Table S2. Gradient program for phthalate metabolites paraben and BPA analysis

Time (min) (0.1 % acetic acid in acetonitrile) % (0.1 % acetic acid in water) %
0 4 96

0.1 4 96

1.0 15 85

14.0 25 75

27.0 35 65

28.0 100 0

32.0 100 0

33.0 4 96

36.0 4 96

Table S2. Gradient program for dansylated-BPA analysis

Time (min) (0.1 % formic acid in acetonitrile) % (0.1 % formic acid in water) %
0 60 40

0.1 60 40

15.5 100 0

17.0 100 0

17.1 60 40

18.4 60 40
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Abstract

Exposure to endocrine disruptors, used as additives, preservatives, plasticizers and solvents in numerous
consumer products, might cause adverse health effects. Humans exposed to these chemicals, metabolise
and excrete them mostly via urine. Urinary metabolite concentrations are used as biomarkers of exposure.
We evaluated the exposure to phthalates, parabens and bisphenol-A in 4-month pregnant women and their
children at 2 years of age. Concentrations of eight phthalate metabolites, six parabens and bisphenol-A were
measured in 239 mother-child pairs of the “Rhea” cohort in Greece. Concentration levels in mother and
children were comparable with corresponding concentrations in other countries worldwide. Low two-tailed
spearman correlation coefficients (CC 0.1-0.2, p-value <0.01) were observed for di-ethyl phthalate (DEP), di-
n-butyl phthalate (DnBP), butyl-benzyl phthalate (BBP) and ethyl paraben (EPB) between mothers and their
children. We observed higher median daily intake (Dly,) for mothers (e.g. di-ethyl phthalate 6.9 ug d* kg?)
than for their children (1.4 ug d* kg') samples for all examined compounds, except for di-2-ethylhexyl
phthalate (DEHP) and bisphenol-A. Principal component analysis (PCA) indicated two main sources of
exposure (plastic related and personal care-hygiene products) for phthalates, parabens and bisphenol-A.

Differences in DEHP metabolism were observed among mothers-children and female-male children.

Highlights:

e Concentration levels of eight phthalate metabolites, six parabens and bisphenol-A
e Two hundred and thirty nine (239) mother child pairs from Rhea Cohort — Greece
e Some same exposure sources at pregnancy and after birth

e Two distinct exposure sources: plastic and personal care products

e Differentiations in DEHP (di-2-ethylhexyl phthalate) metabolism

Keywords: phthalates, bisphenol-A, parabens, mother-child pairs, Rhea cohort
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Abbreviations: BPA, bisphenol-A; BBP, butyl-benzyl phthalate; CC, correlation coefficient; Cu, metabolite
concentration, pg/L; DEHP, di-2-ethylhexyl phthalate; DEP, di-ethyl phthalate; DiBP, di-iso-butyl phthalate; Dlu
,daily intake calculated using urinary metabolites; DnBP, di-n-butyl phthalate; EPB, ethyl paraben; HPLC, high
performance liquid chromatography; isoBPB, iso-butyl paraben; isoPPB, iso-propyl paraben; Fue, urinary
excretion factor; mBzP, mono-benzyl phthalate; mCOP, mono-carboxy-octyl phthalate; mEHHP, mono-2-
ethyl-5-hydroxy-hexyl phthalate; mEOHP, mono-2-ethyl-5-oxo-hexyl phthalate; mEP, mono-ethyl phthalate;
mLOD, method limit of detection; mnBP, mono-n-butyl phthalate; mNP, mono-iso-nonyl phthalate; MPB,
methyl paraben; MW1, molecular weight of phthalate diester; MW2, molecular weight of phthalate metabolite;
nBPB, n-butyl-paraben; NC, not calculated; ND, not detected; nPPB, n-propyl paraben; NR, not reported; PB,
parabens; PCA, Principal Component Analysis; PhE, phthalate esters; RfD, reference dose; SPE, solid phase
extraction; SRM, selected reaction monitoring; RMR, relative metabolic rate; RMR1, mEHHP/mEHP molar
concentrations ratio; RMR2, mEOHP/mEHHP molar concentrations ratio; TDI, tolerable daily intake; UPLC,

ultra performance liquid chromatography; W, body weight
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1. Introduction

Endocrine disruptors are a group of organic chemicals, which alternate intensively to the normal
hormone function of humans (World Health Organization 2012). They interfere with hormone biosynthesis,
metabolism or action resulting in a deviation from normal homeostatic control or reproduction in humans
(Diamanti-Kandarakis and others 2009). They disrupt the endocrine system by competing with naturally
occurring hormones such as estradiol, or by altering the synthesis and metabolism of these hormones
(National Institute of Health 2010). There is evidence of reproductive toxicity in laboratory animals and possible
health effects in humans (Crinnion 2010). Pregnant mothers (their embryos) and children are the most
vulnerable populations to endocrine disruptor exposure (World Health Organization 2012). Phthalates (PhE),
with around one million tons annual production in Europe (AgPU 2006), bisphenol-a (BPA) with about 3.6
million tons annual global production (Geens and others 2012) represent some of the world’s highest
production chemicals and parabens (PB) which are used in over 13.200 formulations in nearly all type of
cosmetics (Elder 1984), are well recognized endocrine disruptors (Witorsch and Thomas 2010). Human
exposure to these chemicals is occurring through the environment, food intake and the use of products
containing them, through inhalation, dermal contact and ingestion (ATSDR DEHP 2001; ATSDR DEP 1995;

ATSDR DnBP 2001; Meeker 2010; Soni and others 2001).

PhE (1,2-diesters of phthalic acid) have a variety of common uses. Higher molecular weight PhE are
used in plastic as softeners and lower molecular weight PhE are used in personal care products and
pharmaceuticals (Wormuth and others 2006). Previous animal tests and epidemiological studies have
associated exposure to PhE with detrimental effects to reproductive and developmental health, as well as
increased risk in cancer (ATSDR DEHP 2001; ATSDR DEP 1995; ATSDR DnBP 2001). Once
ingested/absorbed, lower molecular weight PhE are hydrolysed to their monoesters, while higher molecular
weight PhE can be subsequently oxidized to several other metabolites from their primary monoesters. Primary
and secondary metabolites from PhE breakdown can be further biotransformed to their glucoronide analogues

before being excreted via urine (Calafat and others 2006).

PB is a group of alkyl esters of p-hydroxybenzoic acid. They have low cost of production, and
demonstrate chemical stability, inertness, and low acute toxicity (World Health Organization 2012). These
characteristics made them desirable in industry, as antimicrobial preservatives against mould and yeast, in

cosmetics, in pharmaceuticals and in food and beverage processing (Elder 1984). PB also occurs naturally in
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food, wine, and plants (Soni and others 2005). In vitro studies indicate that PB induce the growth of MCF-7
human breast cancer cells and influence the expression of estrogen dependent genes (Byford and others
2002). In general, PB are partially hydrolysed by esterases to p-hydroxy-benzoic acid and produce
glycine/glucuronide/sulphate conjugates, with increased water solubility that are more amenable to urinary

excretion than are the free species (Soni and others 2005; Wang and James 2006).

BPA (4,4'-(propane-2,2-diyl) diphenol) is widely used in polycarbonate and epoxy resin production.
It can be found in many products like dental sealants, food packaging, beverage cans, personal care products,
baby bottles, building materials, flame retardant materials, optical lenses, DVDs and household electronics
(Geens and others 2012; Staples and others 1998). After epidemiological studies in human beings and
experiments in mice, BPA exposure is suspected for causing several adverse health effects, as cancer, obesity
and disorders in endocrine, renal and reproductive systems (Rubin 2011). BPA is excreted mainly via urine in

its free form or in its more hydrophilic glucuronide/sulphate conjugate form (Chapin and others 2008).

Table 1. Studied endocrine disruptors and their method limits of detection (mLOD)

Parent compounds Studied metabolites Method Ilimit of
detection (mLOD)
ng/mL urine

di-ethyl phthalate (DEP) mono-ethyl phthalate (mEP) 1.3

di-n-butyl phthalate (DiBP) mono-n-butyl phthalate (miBP) 2.1

di-iso-butyl phthalate (DnBP) mono-iso-butyl phthalate (miBP) 25

di-2-ethylhexyl phthalate (DEHP) mono-2-ethylhexyl phthalate (MEHP) 0.8

mono-2-ethyl-5-hydroxy-hexyl phthalate (mEHHP) 0.9
mono-2-ethyl-5-oxo-hexyl phthalate (MEOHP) 1.8

butyl-benzyl phthalate (BBP) mono-benzyl phthalate (mBzP) 2.2

di-iso-nonyl phthalate (DNP) mono-isononyl phthalate (MNP) 2.2

methyl paraben (MPB) 0.06

ethyl paraben (EPB) 0.06

iso-propyl paraben (isoPPB) 0.13

n-propyl paraben (nPPB) 0.09

iso-butyl paraben (isoBPB) 0.04

n-butyl paraben (nBPB) 0.04

Bisphenol-A (BPA) 0.01

In order to assess the exposure of PhE and PB, in humans, measurement of the urinary concentration
of free species and their conjugates is essential (Silva and others 2003a; Ye and others 2006). In this study,
8 PhE metabolites, 6 PB and BPA (Table 1) were measured in 239 mother-child pairs in Heraklion, Crete

(Rhea cohort). We aimed: a) to evaluate, for the first time, the levels of exposure to PhE, PB and BPA in

112




Greece, b) to investigate the potential correlation in the exposure levels between the mothers and their
children, c) to estimate the daily intake (Dlu) of the PhE, PB and BPA d) to compare our results with other

similar studies worldwide and €) to attempt the assessment of potential exposure sources.

2. Materials and methods

2.1 Study population

The present study comprises mothers and children, part of the “Rhea” cohort, from the island of Crete
(Greece). The “Rhea” cohort has been presented in detail previously (Chatzi and others 2009; Patelarou and
others 2011). Briefly, women who became pregnant during February 2007-February 2008 participated in the
study. Women, residents of the study area, >16 years of age, completed face-to-face interviews and provided
blood and urine samples, visiting a participating hospital or private clinic during the 10"-13" week of gestation.
Participating women were contacted again during the 14™"-18" and 28"-32"d weeks of pregnancy and at birth.
Children samples (103 females-136 males) were collected during March 2009-June 2011. Spot urine samples
were collected at around the fourth month of pregnancy for mothers and at 2.3 + 0.72 years for children; mean

age * standard deviation). A total of 239 mother-child pairs were monitored.

Urine samples were collected in urine boxes and stored at 4°C until procession. Within 4 hours,
samples were aliquoted in 4mL cryovials and stored at -80°C. Urine boxes and cryovials were made of
polypropylene and checked for possible contaminations. Creatinine levels were 0.50+0.31 g/L (arithmetic
mean = standard deviation) for children and 1.20+0.67 for mothers. Samples with creatinine values, out of 0.3-
3 g/L range for mothers (Barr and others 2005a; Barr and others 2005b) and out of 0.1-3.0 range for children
were excluded from analysis. We did not applied the same exclusion criteria for mothers and children, because
creatinine values below 0.3 mg/L in children do not necessarily indicate excessive dilution but are indicative
of lower muscle mass compared to adults (Koch and others 2011). All participant mothers provided written,
informed consent for themselves and their child after having received a complete description of the study,

which was approved by the Ethics Committee of the University Hospital in Heraklion, Greece.

2.2 Instrumental analysis

An aliquot of each sample (1 mL) was analysed for eight PhE metabolites and six PB (Table 1) during February

2010-December 2012. Our primary goal was to measure only PhE metabolites for an EU funded FP7 project
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(Envirogenomarkers), so we used E.Coli B-glucuronidase for the enzymatic hydrolysis of conjugated
endocrine disruptors in urine. As a result, we obtained total PhE metabolites (free and glucuronated) but not
all the PB and BPA species (sulfated metabolites demand H.Pomatia B-glucuronidase (Dewalque and others
2014; Volkel and others 2002). Treatment and clean-up of the samples was based on previous work (Silva
and others 2003b) but modified in several steps. Urine samples (1 mL) were spiked with internal standards
and E.Coli B-glucuronidase buffer (per sample: 10 yL E.Coli 3-glucuronidase and 250 yL ammonium acetate
buffer, 1M in aqueous solution, pH 6.5) was added. Hydrolysis was completed at 37 °C for 90 min. After
enzymatic hydrolysis completion, 1 mL of ammonium hydroxide buffer (0.15 % w/v NH4OH in 1:1 acetonitrile-
water) was added to the samples, which were loaded onto the first solid phase extraction cartridge (Varian
Nexus, 60 mg). The eluents of the first cartridge were acidified with 3 mL monosodium phosphate buffer (0.14
M NaH2POs4, aqueous solution, at pH 2) and loaded onto the second solid phase extraction cartridge (Varian
Nexus, 200 mg). The eluents from the second cartridge were discarded. Both cartridges were eluted with 3
mL acetonitrile and 3 mL ethyl acetate each. The eluents of both cartridges (12 mL in total) were combined
and evaporated to dryness with a rotational vacuum concentrator RVC 2-25 (Martin Christ, Germany) (60 oC,
20-45 mbar, 150 min for 18 samples). The residues were dissolved in 0.4 mL of water and transferred to a 2
mL autosampler glass vial with a 0.4 mL volume insert. After PhE metabolites and PB LC-MS analysis, in
order to enhance BPA detection limit, 160 yL 7% v/v aquatic ammonium hydroxide and 40 pL dansyl chloride
12.5 mg/mL in acetone were added to the autosampler vials containing the samples (200 pL, the rest was
discarded) and with 0.5h heating at 65 °C, dansylation was completed and samples were re-analysed with
LC-MS. Two new gradient elution programs were developed a) for PhE metabolites and PB analysis: mobile
phase was acetonitrile and water, both containing 0.1% acetic acid; flow rate at 350 yL/min; 36 min run; from
4% organic phase to 100% and back to 4%; Thermo Phenyl Betasil column, 3um, 100mm x 2.1 mm b) mobile
phase was acetonitrile and water, both containing 0.1% formic acid; flow rate at 200 yL/min; 18.5 min run;
from 60% organic phase to 100% and back to 60%; MZ PerfectSil Cs (3um, 125mm x 2.1mm). In order to
minimise BPA limits of detection, after PB and PhE metabolites LC-MS analysis, extracted samples were
derivatised with dansyl chloride and dansylated-BPA was monitored. Detection performed with a TSQ
Quantum triple quadrupole (Thermo Finnigan, San Jose, USA) with ESI source operated in negative mode for
PhE metabolites/ PB and in positive mode for dansylated-BPA. Mass spectrometer was set in selected

reaction monitoring (SRM).
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Method limits of detection of studied compounds are presented in Table 1. Isotopically labelled
analogues of studied compounds were used as internal standards. Labelled isoPPB, isoBPB, miBP and mEHP
were not commercially available at the time of analysis and labelled nPPB, nBPB, mnBP and mEOHP were
used as their internal standards. Blank contamination was lower than detection limits and recovery was > 59%
for all studied compounds except mEHP which was at 44%. Standard deviation of accuracy and repeatability
tests were <13.1% and <6.2% respectively. Method was linear (R?>0.99) for the range LOD-512 ng/mL.
Samples exceeding the upper limit of linearity were reanalysed, diluted with nanopure water. Two quality
controls samples (spiked pooled urine) and two blank samples (synthetic urine) were analysed with every forty
six (46) urine samples. A second aliquot of 0.5 mL urine was analysed for creatinine concentration using the
OLYMPUS 2700 immunoassay system (Beckman Coulter, USA). All samples were measured in duplicates.

The amount of each sample was quantified by the standard curve performed in each assay.

2.3 Statistical analysis

Statistical analysis was performed with the software SPSS 22.0 (IBM Corporation, U.S.A.).
Measurements below mLOD (not detected) were substituted by the mLOD divided by the square root of 2
(two) (Hornung 1990), as the most widely used way to handle non-detects in such type of studies (Ferguson
and others 2014; Song and others 2013). Arithmetic mean, minimum, median, 95th percentile, maximum,
geometric mean and 95% confidence interval of geometric mean (95 % CI) values were calculated for both

unadjusted/creatinine-adjusted concentrations and estimated daily intake data.

The daily intake of PhE and PB estimated by adapting a commonly used toxicokinetic model to our
data (Equation 1) (Beko and others 2013; Dirtu and others 2013; Ma and others 2013), where: DIy (Daily Intake
calculated using urinary metabolites, ugxdxkg? of body weight), Cu (metabolite concentration, ug/L), Fue
(urinary excretion factor, molar ratio of parent compound intaken to metabolite excreted), MW1 (molecular
weight of phthalate diester, g/mol), MWz (molecular weight of PhE metabolite, g/mol) and W (body weight, kg).
Especially for PB, ratio (MW1/MW2) was set equal to 1 and we included a multiplier (P) of 1.72 (for n-BPB and
iso-BPB 1.04) since we measured free plus glucuronated PB which represent 58% of the total urinary PB
concentrations (glucuronated n-BPB and iso-BPB, 96%) (Dewalque and others 2014). Since glucuronated
and free forms of BPA practically represent the total BPA excretion, we didn’'t used any normalisation factor

for e.g. the sulphated species (Volkel and others 2002).
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Equation 1: DI, = % (ug of endocrine disruptor X d=! x kg~?! of body weight)
ue 2

Fue values for mEHHP and mEOHP were taken from (Koch and others 2004a) and (Koch and others 2005a),
for mBzP and mnBP from (Anderson and others 2001), for PB from (Ma and others 2013) and since for miBP
and mEP, Fue values were not available, we used the same with mnBP. Fye value for BPA was set equal to
1 since BPA is excreted via urine nearly 100% during an 24h period (Volkel and others 2002). Vu considered
2 L for mothers (Guo and others 2011) and 0.0224 L/kg body weight for children (Miller and Stapleton 1989;
Szabo and Fegyverneki 1995). We chose to use a value for children volume urine, which doesn'’t take into
account body weight when it is applied to our toxicokinetic model because children especially in ages of this
study grow rapidly and a stable volume of urine as in used mothers could introduce uncertainty in daily intake

estimation.

In order to investigate possible differentiations in DEHP metabolism among population groups,
relative metabolic rate (RMR) of DEHP was calculated as described in literature (Boas and others 2010; Song
and others 2013). Briefly, RMR1 (1st step of metabolism) considered as the molar concentration ratio of
mMEHP/MEHHP and RMR: (2" step) the ratio of MEHHP/mEOHP. Only samples with positive detection in all
three DEHP metabolites were used. For two-tailed Spearman correlations, creatinine adjusted molar (umol/g)
concentrations were used. For two-tailed Pearson correlations, unnormalised RMR values were used since

RMR data were not skewed.

Principal component analysis (PCA) with Kaiser normalisation and Mann-Whithey U test
(concentration levels gender-based comparison, Table 2) were applied to molar, unadjusted for creatinine,
log10 transformed concentrations. Wilcoxon signed ranked (daily intake mother-child pairs based comparison)
test was applied to log10 transformed Dlu data. Independent samples t-test was applied to unnormalised RMR
data (mothers-children as independent populations and male-female children comparisons) and to gender-
based creatinine levels comparison. For PCA and correlation studies, molar concentration levels were used

and mEHHP-mEOHP concentrations summed as DEHP metabolites.

Analytes with detectability lower than 50% (isoPPB, isoBPB and nBPB) were excluded from PCA,
correlation studies and geometric mean calculation (Table 3). DEHP-DI, considered as the arithmetic mean of
Dlu for mEHHP and mEOHP. mEHP was excluded from the above analyses (PCA, correlation studies, Dlu)

due to its relatively lower levels in urine and shorter half-life compared to the other two measured DEHP
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metabolites, mMEHHP and mEOHP (Frederiksen and others 2007; Koch and others 2005a; Silva and others

20064a; Silva and others 2006c¢; Wittassek and Angerer 2008) (Table 4).

2.4 Comparison with other studies worldwide

Literature search for similar studies was performed via EndNote X7 (Thompson Reuters) in PubMed
database on December 04, 2014. The search criteria were the following: for PhE metabolites/BPA, titles
containing (*phthalate or bisphenol-a or bpa) and (child* or mother* or pregnan* or women) and for PB titles
containing *paraben*. The selection criteria were: for studies measuring total metabolites (free, glucuronated
and sulphated) from pregnant women or children for over 200 urine samples for PhE metabolites/BPA and
100 for PB, with creatinine normalised median concentrations available for BPA or at least for 4 common PhE

metabolites or 4 common PB with our study.

Initially, 796 articles were identified: 93 hits for (*phthalate* and child*), 10 for (*phthalate* and
mother*), 63 for (*phthalate* and pregnan*), 46 for (*phthalate* and women), 44 for (bisphenol-a and
pregnan*), 53 for (bisphenol-a and child*), 8 for (bisphenol-a and mother*), 41 for (bisphenol-a and women),
3 for (bpa and women), 1 for (bpa and mother?*), 2 for (bpa and pregnan*), 4 for (bpa and child*) and 428 for
*paraben*. Fifteen (15) of them fulfilled the search criteria: (Boas and others 2010; Braun and others 2011;
Braun and others 2009; Casas and others 2013; Frederiksen and others 2013; Harley and others 2013; Hong
and others 2013; Kasper-Sonnenberg and others 2014; Lee and others 2014; Mortamais and others 2012;
Quiros-Alcala and others 2013; Tefre de Renzy-Martin and others 2014; Teitelbaum and others 2012; Wang
and others 2014; Zeman and others 2013)References of the selected papers were also checked but no
additional articles identified. In case of concentrations given separately for male/female children or at different

time-points of pregnancy, the arithmetic mean of the given median values was used.
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3. Results and discussion
3.1 Exposure levels

3.1.1 Concentration levels

The metabolites mEP, mnBP, miBP, mEOHP, mEHHP, mBzP , MPB, EPB, nPPB and BPA were
detected in >90.8% of mother samples and in >86.2% of children samples (239 mother-child pairs), while
mEHP was detected in the 72.7 % of mother and 57.3% of children samples; isoPPB, isoBPB and nPPB
ranged from 12.0% to 38.6% detectability for mothers and 2.1% to 25.9% for children (Table 3). MNP was not
detected in any of the analysed samples, thus we do not consider it as a proper urine biomarker for DiINP
exposure. Secondary metabolites, (e.g. mMCOP, mono-carboxy-octyl phthalate) of this PhE should be used as
biomarkers. The same conclusions concerning mNP were also drawn in other studies (Koch and others 2007;
Silva and others 2006b). Due to the variable density of urine spot samples (Barr and others 2005b), we

preferred to use creatinine normalisation in order to rank the concentration levels of studied compounds.

Table 2. Gender-based comparison of children arithmetic mean concentration levels (ng/mL

mEP | miBP | mnBP | mEHHP | mMEOHP | mBzP | mEHP MPB EPB isoPPB | nPPB | isoBP | nBPB | BPA
B
Male 87.88 | 67.41 | 46.29 | 57.92 37.02 15.08 | 6.98 223.09 | 17.99 | 0.09 30.26 | 0.04 1.20 4.34
Female | 67.79 | 55.82 | 48.27 | 42.24 3231 10.14 | 7.06 165.33 | 27.35 | 0.20 19.66 | 0.05 0.71 4.62
p-value | 0.006 | 0.004 | 0.011 | 0.005 0.015 0.009 | 0.606 0.095 0.425 | 0.807 0.036 | 0.246 | 0.093 | 0.256

Among the creatinine adjusted median levels of PhE metabolites, mEP was the most abundant for mothers
(133.6 ug/g) and miBP for children (101.6 ug/g); miBP concentrations were in higher levels compared to mnBP
for both categories; from DEHP metabolites, mEHHP and mEOHP were in higher levels compared to mEHP
also for both categories; mBzP was the less abundant detected PhE metabolite (Table 3). Concerning
creatinine adjusted median PB levels, MPB was the most abundant for both categories (mothers: 121.9 ug/g,
children: 42.6 ug/g), but for mothers, nPPB levels were higher compared to EPB and for children EPB levels
were higher to nPPB; the other three PB had median values < mLOD (Table 3). BPA levels were found at 1.1
pg/g for mothers and at 5.2 pg/g for children. When children were categorized by gender, males exhibited,
statistically significant (Mann-Whitney U test; p-value<0.05), higher unnormalised concentrations (ng/mL) for

nPPB and all PhE metabolites except from mEHP (Table 2).
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Table 3. Descriptive statistics of PhE metabolites, PB and BPA urinary concentrations

Detectability | Minimum | Median 95% Maximum Arithmetic Geometric | 95% CI
% percentile mean mean
239 mothers, ng of analyte/mL urine (ug of analyte / g creatinine)
mEP 100.0 2.6 133.9 1462.9 4103.7 360.9 141.9 119.3-171.8
(4.8) (132.6) (1230.9) (3993.8) (323.2) (143.5) (122.0-169.8)
miBP 98.0 <LOD? 39.2 189.4 616.1 62.0 36.7 32.2-42.3
(38.7) (131.9) (720.0) (54.7) (37.1) (33.2-41.6)
mnBP 95.9 <LOD 36.1 210.5 94670.7 463.9 321 27.3-38.5
(33.2) (157.1) (48799.3) (260.2) (32.5) (28.4-37.5)
mEHHP | 96.4 <LOD 25.7 1255 6267.3 66.3 22.1 18.9-26.1
(24.4) (107.8) (5095.4) (60.5) (22.3) (19.5-26.1)
mEOHP | 93.6 <LOD 17.6 100.5 3610.6 49.4 15.5 13.1-18.5
(15.9) (84.8) (2935.4) (42.6) (15.7) (13.7-18.5)
mBzP 91.6 <LOD 6.0 (7.0) | 38.2(32.1) 199.4 (132.0) 12.8 (11.2) 6.9 (7.0) 6.1-8.0
(6.2-7.9)
mEHP 72.7 <LOD 7.6 (7.3) 50.1 (47.1) 3401.3 (2765.3) | 28.2 (25.3) 7.0(7.1) 6.0-8.2
(6.1-8.3)
MPB 99.2 <LOD 98.3 3098.4 67461.3 1200.7 102.1 79.8-132.8
(121.9) (3191.5) (46089.3) (1138.8) (103.2) (80.5-132.6)
EPB 93.6 <LOD 2.6 (2.9 120.5 (77.3) | 377.5(146.3) 19.8 (16.0) 3.1(3.2) 2541
(2.5-4.1)
isoPPB | 12.0 <LOD <LOD 0.97 (0.85) 63.9 (51.1) 0.9 (0.9 NCP NC
nPPB 90.8 <LOD 134 685.4 (461.4) | 28182.1 413.4 11.2 (11.3) | 8.0-154
(17.5) (20387.3) (365.7) (8.1-15.4)
isoBPB | 26.5 <LOD <LOD 2.6 (2.3) 59.2 (39.2) 0.6 (0.5 NC NC
nBPB 38.6 <LOD <LOD 28.2 (21.3) 242.3 (148.8) 6.2 (5.1) NC NC
BPA 99.6 <LOD 1.2(11) | 4.7(5.6) 144.0 (116.1) 2.6 (2.4) 1.2(1.2) 1.1-1.4
(1.1-1.4)
239 children, ng of analyte/mL urine (ug of analyte / g creatinine)
mEP 99.6 <LOD 34.4 230.4 2460.1 79.2 35.3 30.2-41.0
(86.6) (477.7) (3617.8) (182.7) (88.5) (76.9-102.0)
miBP 98.7 <LOD 34.4 202.4 886.0 62.4 36.0 31.2-41.4
(101.6) (280.6) (681.6) (123.2) (90.3) (81.0-100.8)
mnBP 96.2 <LOD 23.9 162.3 1250.5 47.1 23.3 19.9-27.0
(62.3) (261.0) (962.0) (90.8) (58.3) (51.5-65.9)
mEHHP | 97.1 <LOD 30.5 158.2 626.3 51.2 24.9 20.8-29.7
(71.0) (246.7) (1204.3) (102.2) (62.4) (54.3-71.9)
mMEOHP | 95.4 <LOD 20.0 116 391.1 35.0 16.9 14.2-20.5
(51.0) (171.6) (611.1) (68.4) (42.5) (37.3-48.9)
mBzP 86.2 <LOD 6.5(17.0) | 35.2 241.9 12.9 6.8 5.9-7.8
(73.5) (394.2) (27.8) (17.0) (15.0-19.3)
mEHP 57.3 <LOD 2.8(9.1) 23.5 (78.5) 95.01 (203.8) 7.0 (18.2) 3.8(9.6) 3.4-44
(8.5-11.0)
MPB 100.0 <LOD 17.1 942.9 6805.9 198.2 25.0 20.0-31.5
(42.6) (2710.5) (17014.8) (512.2) (62.7) (49.5-79.7)
EPB 93.3 <LOD 1.5(3.7) 96.2 (318.2) | 1116.9 (1801.5) | 22.0 (66.0) | 1.8 (4.5) 1.4-2.4
(3.4-6.0)
isoPPB | 2.1 <LOD <LOD <LOD 10.8 (13.0) 0.1 (0.4 NC NC
nPPB 79.1 <LOD 0.9 (2.3) | 111.7 (328.5) | 1491.3(3728.3) | 25.7 (73.1) 1.3(3.2) 0.9-1.7 (2.4-4.4)
isoBPB | 6.3 <LOD <LOD 0.1 (0.4) 1.1 (1.7) 0.1 (0.1) NC NC
nBPB 25.9 <LOD <LOD 1.3(2.2) 93.2 (665.9) 1.0 (5.9) NC NC
BPA 99.6 <LOD 2.1(5.2) 16.6 (31.0) 68.7 (121.7) 4.5 (9.6) 2.0 (5.0) 1.7-2.4 (4.3-5.8)

a<| OD: lower than limit of detection, °NC: not calculated

We used unnormalised concentrations because creatinine levels were higher in males (arithetic

mean, males: 0.53 g/L, females: 0.45 g/L; independent samples t-test, p-value: 0.043). Independent samples
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t-test was utilised to compare creatinine levels since creatinine data were not skewed. Previous studies did
not report general differences between sexes (Boas and others 2010; Cutanda and others 2014; Guo and
others 2011; Langer and others 2014; Song and others 2013) or have shown slightly higher concentrations in

males only for DEHP metabolites (Wittassek and others 2007).

3.1.2 Estimated daily intake

The estimated daily intake levels for all PB and PhE (median values, Table 4) were higher for mothers
in pregnancy than for children at about two years of age (Wilcoxon signed ranked test, p-value<0.001), except
for DEHP (also higher in mothers but p-value was 0.055), as shown in Figure 1. In contrast, BPA-DIly was
higher in children compared to their mothers (Wilcoxon signed ranked test, p-value 0.013). Although, we must
take into account that there is a two and a half years between samplings and except for differentiations in
pregnant-child eposure, changes in PhE, PB and BPA market may also affect exposure levels. DEP for
mothers and DEHP for children, were the two PhE with the highest median values of DIy, followed by DiBP,
DnBP and BBP in decreasing order. The estimated Dl of all PhE was higher in mothers compared to children,
in contrast to the creatinine-normalised values (Table 5). This is explained by the fact that although creatinine
adjustment is a very useful tool to normalise urine density and compare urinary concentration of a
homogenous population, it does not take into account that creatinine excretion is dependent on muscle mass
and body height (Barr and others 2005b). Furthermore, DEHP DIy was the highest in children (4.0 pg d* kg,
Table 5) and the second highest in mothers (4.4 ug d* kg, Table 4), in contrast to DEHP metabolites levels,
which were relatively lower compared to those of other PhE metabolites. This observation is probably due to
the extended metabolism of DEHP to many compounds (Koch and others 2005b). The values of Reference
Doses (RfD, ug d! kg?; DEP:800, DnBP:100, BBP:200, DEHP:20) established by U.S. Environmental
Protection Agency (U.S. E.P.A. 2005a; U.S. E.P.A. 2005b; U.S. E.P.A. 2005c) and of Tolerable Daily Intake
(TDI, ug d* kgt; DEP:500, DnBP:10, BBP:500, DEHP:50) set by the European Food Safety Authority (EFSA
2005), were compared with our results. For DnBP, the 5.9% of mothers revealed higher DnBP-DIy than DnBP-
TDI (0.8% of subjects higher compared to DnBP-RfD). For DEHP, the 6.8% of mother’s DIy exceeded RfD
(0.6% exceeded DEHP-TDI). For children, the 1.7% of cases were found exceeding DnBP-TDI. Finally, the
6.3% of children’s DEHP-DIy was higher than the corresponding DEHP-RfD (1.3% of subjects exceeded TDI).
For PB daily intake, the same patterns were observed with concentration values (Tables 3 and 4, Figure 1).
The higher intake of PB and PhE (except from DEHP) by mothers can be interpreted by the extensive usage

of cosmetics (Elder 1984). This was not observed for DEHP, which is widely used as plasticizer (Wormuth
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and others 2006). BPA-Diu was the lowest among the examined endcrine disruptors (median values , Table
4) for both mothers (0.03 pg d* kg?) and children (0.05 ug d* kg). Furthemore, none subject of the study
exceeded neither current nor recommended BPA-TDI (current: 50 pg d* kgt recommended: 5 ug d?* kg™

(EFSA 2014).

Table 4. Estimated daily intake of PhE, PB and BPA

Minimum Median | 95% Maximum Arithmetic Geometric 95% ClI
percentile mean mean

239 mothers, (ug d* kg?)
DEP 0.2 6.9 74 182.4 17.9 7.1 6.0-8.4
DiBP NCe¢ 21 11 30.6 3.4 2 1.7-2.3
DnBP NC 1.9 11.4 4839.8 24 1.7 15-2.1
DEHP NC 4.4 25.6 1015.0 12.2 4.1 3.5-4.8
BBzP NC 0.3 1.8 9.9 0.6 0.3 0.3-04
MPB NC 500.0 17076.1 388041.8 6388.1 532.7 413.6-688.8
EPB NC 13.2 599.9 2388.4 109.3 16.4 12.4-21.3
isoPPB | NC NC 4.0 281.2 4.8 NC NC
nPPB NC 73.3 3818.5 162105.5 2203.1 58.2 40.1-82.2
isoBPB | NC NC 8.1 183.5 2.0 NC NC
nBPB NC NC 82.6 781.4 20.0 NC NC
BPA NC 0.03 0.14 4.23 0.08 0.04 0.03-0.04

239 children, (ug d* kg?)

DEP NC 1.4 8.6 91.4 29 13 1.1-15
DiBP NC 1.4 8.2 36.0 2.5 15 1.30-1.7
DnBP NC 1.0 6.6 50.8 1.9 0.9 0.8-1.1
DEHP NC 4.0 21.6 69.6 6.8 3.3 2.8-3.9
BBzP NC 0.2 13 9.0 0.5 0.3 0.2-0.3
MPB NC 66.6 3674.9 26526.7 772.5 97.5 77.5-123.54
EPB NC 5.8 375.1 4353.3 85.9 7.0 5.4-9.1
isoPPB | NC NC NC 42.0 0.5 NC NC
nPPB NC 3.4 435.4 5812.6 100.1 5.0 3.7-6.7
isoBPB | NC NC 0.16 2.6 0.1 NC NC
nBPB NC NC 29 217.0 2.3 NC NC

BPA NC 0.05 0.37 1.54 0.10 0.04 0.04-0.05

°NC: not calculated
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Figure 1. Estimated daily intake mother-child comparison, median values, ug d* kg*

3.1.3 Comparison with other studies worldwide

The overall PhE exposure, evaluated in our study, is generally comparable with the literature reports
from other countries. Furthermore, the specific PhE exposure pattern is also similar in general. Comparison
with other studies (Table 5) demonstrated slightly higher exposure to PhE for mothers in Greece compared to
those from Denmark (Tefre de Renzy-Martin and others 2014) and slightly lower compared to those from
France (Mortamais and others 2012; Zeman and others 2013). Moreover, for children there are not distinct
differences for PhE metabolites levels in general (Table 5). However, a study from Germany (Kasper-
Sonnenberg and others 2014) reported the lowest concentrations (except for miBP) levels. More specifically
the comparison, presented in Table 5, shows the highest miBP levels in Greece (our study), the highest mnBP

levels in Denmark (Boas and others 2010) and the highest mEP levels in USA (Teitelbaum and others 2012).

PB concentration levels for both mothers and children in Greece appear to be clearly higher
compared to those reported by a study from Denmark (Frederiksen and others 2013). We have to underline
that our data represent only free and glucuronated PB in contrast to the above referred study, which reports
total PB concentrations. Finally, children BPA levels in our study were the second higher 5.2 pg/g but the

highest levels (Braun and others 2011) were about three times higher compared to ours.
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Table 5. Comparison with similar studies, creatinine adjusted median (ug/g) values

Country;
number of samples;
reference

mEP

miBP

mnBP

MEHHP

mEOHP

mBzP

mEHP

MPB

EPB

nBPB

BPA

Mothers

Greece; n=239;
this study

132.6

38.7

N
»
N

121.9

2.9

<LOD

11

France; n=287;
(Mortamais _and _ others
2012)

106.0

45.7

48.5

16.0

Denmark; n=200;
(Tefre de Renzy-Martin and
others 2014)

18.9

35.3

13.9

5.7

3.72

2.3

11

France; n=279;
(Zeman and others 2013)

34.3

68.7

45.5

44.4

32.9

13.0

17.9

Denmark; n=143;
(Frederiksen _and others
2013)

16.0

<LOD

<LOD

<LOD

Korea; n=757,
(Lee and others 2014)

1.6

USA; n=866;
(Quiros-Alcala _and others
2013)

11

Spain; n=479
(Casas and others 2013)

2.2

USA; n=244;
(Braun and others 2011)

2.2

USA; n=249;
(Braun and others 2009)

1.8

Children

Greece; n=239;
this study

86.6

101.6

62.3

71.0

51.0

17.0

9.1

42.6

<LOD

2.3

<LOD

<LOD

5.2

Denmark; n=845;
(Boas and others 2010)

33.5

209.0

52.0

27.0

23.0

6.8

USA; n=379;
(Teitelbaum and _ others

2012)

164.9

22.5

68.4

73.9

47.6

41.8

6.4

Germany; n=465;
(Kasper-Sonnenberg _and

others 2014)

21.4

41.1

42.3

20.2

13.5

6.0

2.23

1.8

Denmark; n=143;
(Frederiksen _and others

2013)

0.26

<LOD

<LOD

<LOD

<LOD

USA; n=292;
(Harley and others 2013)

3.2

China; n=1089;
(Hong and others 2013)

13

China; n=666;
(Wang and others 2014)

2.2

USA; n=229;
(Braun and others 2011)

14.0

USA; n=249;
(Braun and others 2009)

1.9
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It has to be mentioned that bibliographic comparisons suffer from several weaknesses as they don’t
take into account, market changes of PhE, PB and BPA, corresponding to different time periods of sample
collection, different age of children and phase of pregnancy, different methods of analysis and analyte
detection limits, lack of statistical tests for inter-study comparisons etc. Especially, for PB levels, more data

are needed in order to assess globally their exposure.

3.2 Sources of exposure

3.2.1 Correlation studies

Statistically significant correlations (2-tailed Spearman) were observed between the creatinine
adjusted molar concentrations (umol/g) of the studied compounds both for mothers and children. We only
present correlations with p-values lower than 0.01 (Table 6). We thus observed positive correlations between
almost all PhE metabolites and BPA for mothers (correlation coefficient, CC: 0.170-0.488). All PB
concentration levels were positively correlated (CC: 0.468-0.841) and also correlated with mEP (CC: 0.251-
0.335). Likewise, for children almost all studied metabolites correlated positively (CC: 0.167-0.809; Table 6).
The observed correlations suggest exposure to mixtures of PB, PhE and BPA. Particularly for mothers, two
distinct exposure sources are implied, one containing all study’s PhE/BPA and a second with all three studied
PB and DEP (whose metabolite is mEP). The DEP/PB relationship suggests cosmetics and personal care
products as sources, while PhE/BPA relationships indicate probably plastic and food packaging (Elder 1984;

Geens and others 2012; Wormuth and others 2006).

Children age correlated negatively (-0.193 - -0.476) with all studied metabolites concentration levels
(Table 6). An interpretation of this observation is that the food exposure ratios (consuming food mass/body
mass), the corresponding dermal exposure ratios (skin surface/body mass), and the floor-to-mouth behaviour
decrease as children age increases (Casas and others 2011; Wittassek and others 2007). Finally, DEP, DnBP,
BBP metabolites and EPB showed weak (0.133-0.225) correlation between mother and children levels, as
also observed previously (Cutanda and others 2014). No statistically significant correlations were found for
the remaining studied compounds between mothers and children (Table 6). This fact indicates that, although
we examined two different individuals within a time interval of ca. three years (sample collection time from
women during pregnancy and from their children) implying also changes in PhE-PB-BPA market, some
sources of exposure are common for people living together (house, car use etc.). Furthermore, the need for

repeated measurements is highlighted since the correlation between mother and children levels is weak.
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Table 6. Two-tailed Spearman's correlation coefficients, p-values <0.01

o o o m o o o m
foe) N I m m o < o o foe) N I ] as) o <
w o m a
& |8 |2 |3 | |% |8 |58 |5 [& |2 (&8 |3 |8 |t |&
= = = = = = = (@) (@) (@) (@) (@) (@) (@) (@) (@)
Me-DEP 0.17 [ 0.25 | 0.34 | 0.28 0.20
M-DiBP | 0.44 | 0.35 | 0.42
M- 0.37 | 0.49 0.23
DnBP
M-BBzP 0.44 0.25 0.18
M-MPB 0.54 | 0.84
M-EPB 0.46 0.13
M-BPA
Cf-Age -0.43 | -0.43 | -0.48 | -0.37 | -0.19 | -0.38 | -0.47 | -0.38 | -0.21
)
C-DEP 052 | 048 | 0.38 |0.27 | 0.36 | 0.40 | 0.37 | 0.19
C-DiBP 0.76 | 0.44 | 042 | 032 | 031 |0.34 |0.29
C-DnBP 0.58 | 048 | 0.29 (034 | 034 |0.31
C-BBzP 0.50 | 0.27 | 031 | 0.27 | 0.32
C- 0.17 0.19 | 0.30
DEHP
C-MPB 0.67 | 0.81
C-EPB 0.67 | 0.20

eM-: mothers, fC-: children

In order to obtain more information about exposure sources, a PCA was applied to mothers and

3.2.2

Principal Component Analysis

children metabolite concentration data. For both mothers and children, we perceived two distinct patterns

(Table 6), one is mostly due to usage of plastics such as food packaging, toys, car parts, clothing, furniture

etc. and the second is usage of personal care-hygiene products and cosmetics (Elder 1984; Geens and others

2012; Wormuth and others 2006). Four factors were retained with Eigen values >1.000 and expressed 66.2%

of the variance (Table 7). Mothers were associated with factors 2 and 4 while children were associated with 1

and 3. The factors 1-2 represents combined exposure to PhE/BPA and factors 3-4 exposure to PB /DEP. Also,

the study of Spearman correlations conducted to the same results.
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Table 7. PCA: rotated component matrix and total variance explained

Component 1 2 3 4
Eigenvalue 4.663 3.274 2.177 1.800
% of Variance 25.9 18.2 12.1 10.0
Cumulative % 25.9 44.1 56.2 66.2
a9C-

C-DnBP 0.897

C-DiBP 0.880

C-DEHP 0.843

C-BBzP 0.803

C-DEP 0.662 0.319

C-MPB 0.899

C-EPB 0.856

C-nPPB 0.906

C-BPA 0.635

h\M-

M-DnBP 0.752

M-DiBP 0.748

M-DEHP 0.844

M-BBzP 0.790

M-DEP 0.448 0.421
M-MPB 0.913
M-EPB 0.740
M-nPPB 0.906
M-BPA 0.509

Coefficients <0.200 are not presented. Rotation converged in 6 iterations.

9C-: children, "M-: mothers

3.3 DEHP metabolism

Relative metabolic rates RMR1 and RMR:z were calculated for mothers (N=170) and children (total
N=136, female and male) for samples in which, all three DEHP metabolites were detected. The RMR1
arithmetic mean for mothers was 3.33 and for children 8.06. Their difference is statistically significant
(independent sample t-test, p-value<0.001). The arithmetic mean RMR2 for mothers was 0.80 and for children
0.76 respectively, while their difference was not statistically significant (independent sample t-test, p-value

0.156). For mother-child comparisons, independent samples t-test was used since RMR data were not skewed
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and we did not considered mothers and children as pairs but as different populations. Male children mean
RMRu1 (8.83) was higher from female children (6.67) but without statistically significant difference (independent
sample t-test, p-value 0.17). Instead, male children mean RMR:z (0.72) was significantly lower (p-value 0.03)
compared to female children (0.81). Children age with RMR1 and RMR:2 did not show any statistical significant
correlation (two tailed Pearson; p-values: .0.713 for RMR1 and 0.284 for RMRz). To sum up: I) the
transformation of mMEHP to mEHHP is faster in mothers compared to children as was also reported in another
study (Song and others 2013). However, other studies (Barr and others 2003; Becker and others 2004;
Kasper-Sonnenberg and others 2012; Koch and others 2004b) reported contrasting results; and Il) the
transformation of mEHHP to mEOHP seems to be faster in male children, indicating that DEHP metabolism

is related both with children age/gender and differentiates between mothers and children.

3.4 Conclusions

In our study, the first in Greece and one of the few existing in this scale globally, we observed lower
phthalate (except DEHP) and PB daily intake for children than mothers while BPA daily intake was higher in
children. Children metabolite levels decreases with age increase. Some sources of exposure seem to be the
same in mothers during pregnancy and afterwards. PCA indicated possible sources of PhE, PB and BPA
grouped in plastic and personal care-hygiene products for both mothers and children. Male children
demonstrated higher concentrations of six PhE metabolites and n-PPB compared to females. DEHP
metabolism appears differentiated between mother-child pairs and female-male children. For DiINP exposure,

MNP is not a proper biomarker. Our results were comparable with literature reports.
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Abstract

Phthalate esters (PEs), bisphenol-A (BPA) and parabens (PBs), used in numerous consumer products, have
endocrine disrupting properties which are linked with health problems. These chemicals, after their insertion
into the human body, are metabolised and excreted mainly via urine. The urinary concentration of their
metabolites deflects the human exposure to them. We have assessed the exposure to the above chemicals
by measuring the urinary concentrations of seven PEs metabolites, six PBs and BPA in five-hundred samples
collected from 4-year old children, subjects of the “Rhea” mother-child cohort in Crete, Greece. Di-2-ethylhexyl
phthalate (DEHP) metabolism was studied by calculating the Relative Metabolic Rates of its metabolites. The
transformation of mono-2-ethyl-5-hexyl phthalate (mMEHP) to mono-2-ethyl-5-hydroxy-hexyl phthalate
(mEHHP) was negatively correlated with children’s age. Exposure to PEs, BPA and PBs was assigned to two
main sources: plastic related to PEs and BPA, and personal care-hygiene products to PBs and di-ethyl
phthalate. Daily intake calculated for 4-year old children was lower than the corresponding calculated than
that calculated in an earlier study of “Rhea” children at 2.5 years. In some cases daily intake levels exceeded
the USEPA Tolerable Daily Intake values and the EFSA Reference Doses (e.g. 3.6% of the children exceeded
DEHP-Reference Dose). In addition, PEs were determined in drinking water and indoor air of houses and car
interiors in the study area. Exposure to PEs, present in indoor air and drinking water, represents a small

fraction of the total.

Keywords: exposure, phthalates, parabens, BPA, preschool-age children, Rhea cohort

Highlights

Urinary levels of seven phthalate metabolites, six parabens and bisphenol-A
e  Five-hundred 4-year old children from Rhea Cohort — Greece

e Daily intake is lower compared to 2.5-year old children and during pregnancy
e Air and water phthalate exposure represent a small fraction of the total

e Main sources: Plastic-related and personal hygiene products

Abbreviations: BBP, butyl-benzyl phthalate; BPA, bisphenol-A; CC, correlation coefficient; Cn, average home
concentration; Cc, average car concentration; Cu, metabolite concentration, ug/L; Cw, average concentration in
water; DEHP, di-2-ethylhexyl phthalate; DEP, di-ethyl phthalate; DiBP, di-iso-butyl phthalate; Dla ,daily intake
calculated based on air concentration; DIy ,daily intake based on urinary metabolite levels; levels; Dlw ,daily
intake based on water concentration levels; DnBP, di-n-butyl phthalate; ED, endocrine disruptors; EHT,
elimination half times; EPB, ethyl paraben; HPLC, high performance liquid chromatography; isoBPB, iso-butyl
paraben; isoPPB, iso-propyl paraben; Fue, urinary excretion factor; M, average daily water consumption;
mBzP, mono-benzyl phthalate; mEHP ,mono-2-ethyl-hexyl phthalate; mEHHP, mono-2-ethyl-5-hydroxy-hexyl
phthalate; mEOHP, mono-2-ethyl-5-oxo-hexyl phthalate; mEP, mono-ethyl phthalate; mLOD, method limit of
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detection; mnBP, mono-n-butyl phthalate; MPB, methyl paraben; MW1, molecular weight of phthalate diester;
MW:2, molecular weight of phthalate metabolite; nBPB, n-butyl-paraben; NC, not calculated; ND, not detected;
nPPB, n-propyl paraben; NR, not reported; PBs, parabens; PCA, Principal Component Analysis; PEs,
phthalate esters; RfD, reference dose; RMR, relative metabolic rate; RMRi, mEHHP/mEHP molar
concentrations ratio; RMRz2, mEOHP/mEHHP molar concentrations ratio; TDI, tolerable daily intake; W, body
weight
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Introduction

Endocrine disruptors (EDs) are a group of organic compounds, which cause serious alterations to
the normal hormone function in humans and wildlife (World Health Organization, 2012). They interfere with
hormone biosynthesis, metabolism or action resulting in a deviation from normal homeostatic control or
reproduction in humans (Diamanti-Kandarakis et al., 2009). They disrupt the endocrine system by competing
with naturally occurring hormones such as estradiol, or by altering the synthesis and metabolism of these
hormones (National Institute of Health, 2010); in addition, there is evidence of reproductive toxicity in
laboratory animals and possible health effects in humans (Chapin et al., 2008). Bisphenol-A (BPA), parabens
(PBs) and 1,2-diesters of phthalic acids (PEs) are established EDs. Six (6) billion pounds of BPA are produced
each year worldwide and over 220,000 pounds of this compound are released yearly into the atmosphere
(Burridge, 2003). PEs, with over 18 hillion pounds used each year, represent one of the world’s high production
chemical families (Crinnion, 2010) and PBs, which are used in over 13.200 formulations in nearly all type of
cosmetics (Elder, 1984). Human exposure to these chemicals is occurring through the environment, food
intake and the use of products containing them, through inhalation, dermal contact and ingestion (ATSDR
DEHP, 2001; ATSDR DEP, 1995; ATSDR DnBP, 2001; Meeker, 2010; Soni et al., 2001).

PEs have a variety of common uses. High molecular weight (HMW) PEs are used in plastic as
softeners and low molecular weight (LMW) PEs are used in personal care products and pharmaceuticals
(Wormuth et al., 2006). Previous animal tests and epidemiological studies have associated exposure to PEs
with detrimental effects to reproductive and developmental health, as well as increased risk to cancer (ATSDR
DEHP, 2001; ATSDR DEP, 1995; ATSDR DnBP, 2001). PEs normally follow a metabolic pathway in at least
two steps, a hydrolysis (phase-I) where the phthalate diester is hydrolysed into the primary metabolite
monoester phthalate and is followed (phase-ll) by a conjugation in order to form the more hydrophilic
glucuronidated metabolite (Calafat et al., 2006).

The 2,2-bis (4-hydroxyphenyl) propane or bisphenol-A (BPA) is used in industry for the production of
many pesticides, resins and polycarbonate plastic. BPA can be found in food and beverage processing, and
in many products like dental sealants, personal care products, baby bottles, building materials, flame retardant
materials and optical lenses, materials for the protection of window glazing, DVDs, and household electronics
(Chapin et al., 2008; Geens et al., 2012; Staples et al., 1998). Human exposure to BPA is linked to heart
diseases, diabetes, liver abnormalities, reproduction adverse effects and alterations in the thyroid (Rubin,
2011). BPA is excreted mainly via urine in its free form or in its more hydrophilic glucuronide/sulphate

conjugate form (Chapin et al., 2008).

PBs is a group of alkyl esters of p-hydroxybenzoic acid. They have low cost of production and
demonstrate high chemical stability, inertness, and low acute toxicity (World Health Organization, 2012).
These characteristics made them desirable in industry, as antimicrobial preservatives against mould and
yeast, in cosmetics, in pharmaceuticals and in food and beverage processing (Elder, 1984). PBs occur also
naturally in food, wine, and plants (Soni et al., 2005). In vitro studies indicate that PB induce the growth of
MCF-7 human breast cancer cells and influence the expression of estrogen dependent genes (Byford et al.,

2002). In general, PBs are partially hydrolysed by esterases to p-hydroxy-benzoic acid and produce
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glycine/glucuronide/sulphate conjugates, with increased water solubility that are more amenable to urinary

excretion than are the free species (Soni et al., 2005; Wang and James, 2006).

In order to assess the exposure of humans, to PEs, PBs and BPA, measurement of the urinary
concentration of their metabolites (free species and their conjugates) is essential (Silva et al., 2003; Ye et al.,
2006). The elimination half times (EHT) of the above mentioned compounds are low. For example, BPA and
DEHP metabolites EHT values are some hours (Koch et al., 2004a; Koch et al., 2005; Volkel et al., 2002).
Furthermore, pregnant mothers (their embryos) and children are the most vulnerable populations to endocrine
disruptor exposure effects (World Health Organization, 2012). As a consequence, there is need for repeated
analyses during pregnancy and early childhood in order to assess exposure levels and possible health

outcomes.

In a previous study (Myridakis, 2015a) we measured concentration levels of seven PEs metabolites,
six PBs and BPA in urine samples of two hundred and thirty-nine (239) mother-child pairs (6" month of
pregnancy / 2.5 years) of the Rhea cohort (Chatzi et al., 2009). In this study we assessed the urine levels of
the above-mentioned metabolites of five hundred (500) 4-year old children, also subjects of the Rhea cohort.
Furthermore, we assessed PEs levels in indoor air and drinking water in area of Heraklion. In the present
study we: |) evaluated the exposure to the study chemicals in a larger population of preschool-age children,
1) estimated the daily intake (DI) of PEs, PBs and BPA, Ill) assessed the patterns of the exposure V) obtained
an overview of childhood exposure in Greece, V) investigated the contribution of PEs exposure through water

- air inhalation and VI) compared our data with other relevant studies worldwide.

Materials and methods

Study population

The present study is part of the “Rhea” project, a pregnancy cohort which examines prospectively a
population-based cohort of pregnant women and their children at the prefecture of Heraklion, Crete, Greece
(Chatzi et al., 2009; Patelarou et al., 2011). Briefly, women who became pregnant during February 2007-
February 2008 participated in the study. Women, residents of the study area, >16 years of age, completed
face-to-face interviews and provided blood and urine samples, visiting a participating hospital or private clinic
during the 10th—13th week of gestation. The next contacts with the mothers were at 24 weeks of gestation, at
birth, at 8-10 weeks after delivery and for child’s follow-up at 9th, 18th months, and at 4 years of age. Of 1363
singleton live births in the Rhea study, 879 children participated at the 4 years follow up, during which urine
samples were obtained from 800 children. Of them, a random subset of 500 children (221 females-279 males,
4.24 + 0.24 years old; mean age * standard deviation) was included in the present analysis. The study was
approved by the Ethical Committee of the University Hospital of Heraklion (Crete, Greece) and all participants

provided written informed consent.

Urine samples were collected in urine boxes and stored at 4°C until procession. Within 4 hours,
samples were aliquoted in 4mL cryovials and stored at -800C. Urine boxes and cryovials were made of

polypropylene and checked for possible contaminations. Creatinine levels were 0.70+£0.36 g/L (arithmetic
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mean + standard deviation). Exclusion criteria were set out of 0.1-3.0 range. We did not apply the commonly
used exclusion criteria (0.3-3.0 g/L), because creatinine values below 0.3 mg/L in children do not necessarily
indicate excessive dilution but are indicative of lower muscle mass compared to adults (Koch et al., 2011).

Environmental samples collection

Ten houses were selected in Heraklion area (study area of the Rhea cohort) for monitoring phthalate
esters indoor air levels. Moreover the air concentrations of PEs were determined in the interior of ten used
private cars of Heraklion citizens. Indoor air sampling was conducted with a Buck sampling pump (flow rate:
5L/min; duration: 9-18h; Sigma Aldrich, USA) equipped with polyurethane foam filters (diameter: 5.5 cm;
height: 8 cm) during April-July 2011. Moreover forty-nine tap water samples were collected from November
2013 up to September 2014 also in the study area of the Rhea cohort (Goslan et al., 2014). Water samples
were collected in 250-ml glass bottles with glass caps, during the morning in order to monitor PEs levels in
water, which had remained several hours inside the in-home water network. Sampling was performed from
November 2013 up to September 2014,

Instrumental analysis

An aliguot of each urine sample (1 mL) was analysed for seven PEs metabolites, six PBs and BPA
(Table 1) using an analytical protocol previously described (Myridakis et al., 2015b). Method limits of detection
of studied urinary metabolites are depicted in Table 1. Samples exceeding the upper limit of linearity (512
ng/mL) were reanalysed, diluted with nanopure water. Two quality controls samples (spiked pooled urine) and
two blank samples (synthetic urine) were analysed with every forty six (46) urine samples. A second aliquot
of 0.5 mL urine was analysed for creatinine concentration using the OLYMPUS 2700 immunoassay system
(Beckman Coulter, USA). All samples were measured in duplicates. The amount of each sample was

quantified by the standard curve performed in each assay.

Five phthalate diesters (parent compounds of the urinary phthalate metabolites) were determined in
tap water and indoor air. Their mLODs are reported in Table 1. The procedure for the water analysis was
based on a previously described protocol (Environmental Protection Agency, 1995) slightly modified as
follows: 100 mL of water were spiked with surrogate standard (deuterated-DEHP) and liquid-liquid extracted
three times with 5 mL dichloromethane (15 mL total). Extracts were then loaded onto a Pasteur pipette filled
with Na2SOs4 (59, anhydrous) in order to remove water residues. At a next step dried extracts were
concentrated to 100 ul with a vacuum rotational evaporator, followed by a gentle N2 stream. The samples

were spiked with internal standard (benzyl benzoate) and finally were analysed with GC-MS.

Linearity was excellent (R>>0.99, 0.6-50 ug/mL), recoveries (n=5) ranged from 63 to 110%;
repeatability tests at two different levels (800 and 10000 ng/L) showed standard deviation <3.44%. Average
blank contamination was: DEP 1.6 ng; DiBP 3.9 ng; DnBP 2.1 ng; DEHP 22.9 ng; BBP <LOD, (standard
deviation < 11.5%). In every four water samples, a blank sample was also analysed. For the analysis of indoor
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air samples, polyurethane foams were spiked with surrogate standard (deuterated-DEHP) and processed
using accelerated solvent extraction (oven temperature 90°C; pressure: 1500psi; heating time: 5min; static
time: 5min; number of cycles: 1; flush volume: 60%; purge time: 1min). The extracts were condensed to 500
ML with a vacuum rotational evaporator. Then with a gentle N2 stream were condensed to 100 pL, were spiked
with internal standard (benzyl benzoate) and finally were analysed with GC-MS. Linearity was excellent
(R?>0.99, 0.6-50 pg/mL) and recoveries (n=5) ranged from 73.3% to 90.3% (standard deviation < 12.3%).
Blank contamination was: DEP 9.6 ng; DiBP 33.8 ng; DnBP 22.2 ng; DEHP 82.4 ng; BBP 14.0, <82.4 ng
(standard deviation <33% except BBP with 107%). In every five air samples, a blank sample was also
analysed. The GC-MS system was consisted of an Agilent GC 6890N/MSD 5973 equipped with an
Autosampler HP 7683. The GC-MS parameters were as follows: 1 yL on-column injection; capillary column
DB-5MS (30 m, 0.25 mm i.d., 0.25 pym film thickness); carrier gas helium; constant velocity 33 cm/s; transfer
line 290°C; temperature program: initial temperature 60° C, 20° C/min to 180° C, 10° C/min to 290° C, held for

10 min, total duration 27 min; electron impact at 70 eV; selected ion monitoring mode.

Statistical analysis
Statistical analysis was performed with the software SPSS 22.0 (IBM Corporation, U.S.A.).
Measurements below mLOD (not detected) were substituted by the mLOD divided by the square root of 2
(two) (Hornung and Reed, 1990), as the most widely used way to handle non-detects urinary metabolites
studies (Ferguson et al., 2014; Song et al., 2013). Arithmetic mean, minimum, median, 95th percentile,
maximum, geometric mean and 95% confidence interval of geometric mean (95 % CI) values were calculated

for both unadjusted/creatinine-adjusted urinary concentrations and estimated daily intake data.

The daily intake of the studied EDs was estimated by adapting a commonly used toxicokinetic model
to our data (Equation 1) (Beko et al., 2013; Dirtu et al., 2013; Ma et al., 2013), where: DI, (Daily Intake
calculated using urinary metabolites, ugxdxkg? of body weight), Cu (metabolite concentration, ug/L), Fue
(urinary excretion factor, molar ratio of parent compound in taken to metabolite excreted), MW1 (molecular
weight of PE, g/mol), MWz (molecular weight of PE metabolite, g/mol) and W (body weight, kg). Especially for
PBs and BPA ratio (MW1/MW>) was set equal to 1.

Fue values for mnEHHP and mEOHP were taken from (Koch et al., 2004a) and (Koch et al., 2005), for
mBzP and mnBP from (Anderson et al., 2001), for PBs from (Ma et al., 2013) and since for miBP and mEP,
Fue values were not available, we used the same with mnBP. V, considered 0.0224 L/kg body weight for
children (Miller and Stapleton, 1989; Szabo and Fegyverneki, 1995). We chose to use a value for children
volume urine, which doesn't take into account body weight when it is applied to our toxicokinetic model,
because children grow rapidly and a stable volume of urine as in used mothers could introduce uncertainty in
daily intake estimation.

Equation 1: DI, = %(ug of ED x d~! X kg™! of body weight)
ue 2

[(C1%0.945)+(Cx0.055)]x8.3

(ug of ED x d~! X kg~* of body weight)
w

Equation 2: DI, =

143



CwXM

o (g of ED x d™! x kg~?! of body weight)

Equation 3: DI, =

Furthermore, the daily intakes from air (Dla) and water (Dlw) were estimated using Equations 2 and
3 respectively. Since air and water concentration data were not available for each cohort subject, we used
the average air and water levels in Heraklion area for our calculations. Especially, for Dla (Equation 2), we
supposed that a children (average body weight of children participating in this study, W:18.4 kg) spends 22.5
h (95.5%) daily indoor and =1.5 h (5.5%) in car (Cn: average home concentration; Cc: average car
concentration) and inhales 8.3 m3/d (Wilson et al., 2001); for Dlw, the average concentration in water (Cw), the
average body weight as in Equation 2 and an average daily water consumption (M: 1L/d) (World Health
Organisation, 2008).

In order to investigate possible differentiations in DEHP metabolism among population groups,
relative metabolic rate (RMR) of DEHP was calculated as described in literature (Boas et al., 2010; Song et
al., 2013). Briefly, RMR:1 (1st step of metabolism) considered as the molar concentration ratio of
MEHP/MEHHP and RMR:2 (2" step) the ratio of mMEHHP/mEOHP. Since all three metabolites of DEHP
detected in 100% of the samples we didn’'t exclude any sample from the RMR calculation. For two-tailed
Spearman correlations, urinary molar (nmol/mL) concentrations were used. For two-tailed Pearson

correlations, unnormalised RMR values were used since RMR data were not skewed.

Principal component analysis (PCA) with Kaiser normalisation, Mann-Whitney U (concentration
levels gender-based comparison) and Wilcoxon signed ranked (comparison of the same children at 2.5 and 4
years) tests were applied to unadjusted for creatinine, logl0 transformed concentrations. Independent
samples t-test was applied to unnormalised RMR data (mothers-children as independent populations and
male-female children comparisons) and to gender-based creatinine levels comparison. For PCA and
correlation studies, molar concentration levels were used and mEHHP-mEOHP concentrations summed as
DEHP metabolites.

Analytes with detectability lower than 50.0% (isoPPB, isoBPB and nBPB) were excluded from
geometric mean calculation and correlation studies. For PCA analysis, isoPPB and isoBPB were excluded
(detectability: 3.8% and 10.0% respectively) while nBPB was included (detectability: 37.6%). DEHP-DIy
considered as the arithmetic mean of DI, for mEHHP and mEOHP. mEHP was excluded from the above
analyses (PCA, correlation studies, Dly) due to its relatively lower levels in urine and shorter half-life compared
to the other two measured DEHP metabolites, mMEHHP and mEOHP (Frederiksen et al., 2007; Koch et al.,
2005; Silva et al., 2006a; Silva et al., 2006b; Wittassek and Angerer, 2008).

Comparison with other studies
We performed literature search for similar studies via EndNote X7 (Thompson Reuters) in PubMed
database on January 13, 2015. The search criteria were the following: for PE metabolites/BPA, titles
containing (*phthalate or bisphenol-a or bpa) and (child*) and for PBs titles containing *paraben*. The selection
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criteria were: for studies measuring total metabolites (free, glucuronated and sulphated) from children for over
200 urine samples for PE metabolites/BPA and 100 for PBs, with creatinine normalised median concentrations
available for BPA or at least for 4 common PEs metabolites or 4 common PBs with our study.

Initially, 585 articles were identified: 96 hits for (*phthalate* and child*), 55 for (bisphenol-a and
child*), 4 for (bpa and child*) and 430 for *paraben*. The same with our previous search, fifteen (14) of them
fulfilled the search criteria: (Boas et al., 2010; Braun et al., 2011; Braun et al., 2009; Casas et al., 2013;
Frederiksen et al., 2013; Harley et al., 2013; Hong et al., 2013; Kasper-Sonnenberg et al., 2014, Lee et al.,
2014; Mortamais et al., 2012; Quiros-Alcala et al., 2013; Tefre de Renzy-Martin et al., 2014; Teitelbaum et al.,
2012; Wang et al., 2014; Zeman et al., 2013). References of the selected papers were also checked but no
additional articles identified. In case of concentrations given separately for male/female children, the arithmetic

mean of the given median values was used.

4. Results and discussion
Concentration levels in urine

PEs metabolites levels for both unadjusted and creatinine adjusted concentrations are presented in
Table 2 while PBs and BPA levels are depicted in Table 3. Detectability of Pes metabolites were >93.4%.
DEHP metabolites and mEP were detected in all samples. MPB, EPB and nPPB were below mLOD at >92.6%.
nBPB was detected in 37.6% of the samples while isoPPB and isoBPB were detected with lower rate (3.8%
and 10% respectively). Finally, BPA detected in almost all samples (98.8%). Based on creatinine adjusted
median concentration levels, mEP was the most abundant PEs metabolite followed in decreasing order by
miBP, mEHHP, mEOHP, mnBP, mEHP and mBzP (Table 2). Furthermore, concerning about PBs, creatinine
normalised median levels of MPB were the highest (17.6 pg/g) among the examined PBs, EPB and nPPB
were in the same levels (1.5 pg/g). The other three PBs, when we examined their creatinine adjusted arithmetic
mean (their detectability were <50% therefore median could not be calculated) levels showed that the most
abundant was nBPB (1.0 ug/g) followed by isoBPB and isoPPB (0.2 and 0.1 ug/g respectively). BPA creatinine
adjusted median levels were at 1.9 ug/g (Table 3). No statistically significant (p-value < 0.05) difference
observed in any metabolite levels (unnormalised) between male and female children in contrast with our
previous study (Myridakis, 2015a) for 2.5 years of age where males had exhibited higher concentrations for
nPPB and all examined PEs metabolites except from mEHP. We chose to use unnormalised concentrations
because creatinine levels were higher in males (arithetic mean, males: 0.74 g/L, females: 0.65 g/L;
independent samples t-test, p-value: 0.009). An analogous difference had observed in 2.5 year children
creatinine levels (Myridakis, 2015a). Analogous studies show controversial reuslts about relation of gender
with children with metabolite levels, a fact which denotes influence of more parameters, for e.g. age (Boas et
al., 2010; Cutanda et al., 2014; Guo et al., 2011; Langer et al., 2014; Song et al., 2013; Wittassek et al., 2007;
Zhang et al., 2014).
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The overall levels of all studies metabolites are relatively lower compared to our previous study
(Myridakis, 2015a) at 2.5-year old children (Table 4). Furthermore both of our studies are generally
comparable with the literature reports from other countries. The specific PEs exposure pattern is also similar
in general. There are not distinct differences for PEs metabolites levels in general (Table 4). However, our
study exhibited the highest miBP and the lowest mnBP levels. This fact may be explained by the gradual
replacement of DnBP (parent compound of mnBP) with DiBP (parent compound of miBP) (Table 1) and the
point that our study is the most recent (Wittasek et al 2007). Concerning about PBs, although concentration
levels were lower at 4-year children compared to 2.5-year, in both cases they appeared to be clearly higher
compared to a study from Denmark (Frederiksen et al., 2013). Finally, BPA levels were average in relation to

the other available reports (Table 4).

DEHP metabolism

We calculated the relative metabolic rates RMR1 and RMR: for all samples (N=500) since DEHP
metabolites (MNEHP, mEHHP, mEOHP) were in detected in all samples. The arithmetic mean of RMR1 was
5.11 and RMR20.85. No gender-based differences were observed when we applied independent samples t-
test neither for RMR1 nor for RMR2. We compared RMRs in 4-year children with 2.5-year. We didn’t not
compared with pregnant women due to heterogeneity among population groups. The results are depicted in
Figure S1 of Supplementary data. The RMRuin 4-year children is statistically significantly lower (independent
samples t-test, p-value<0.001) compared to 2.5-year children (RMR1: 8.06). RMR2 was in comparable levels
for 4-year (0.85) and 2.5-year (0.76) children. To conclude, the transformation of mEHP to mEHHP (as
expressed by RMR1) seems to be negatively related with age, an observation also reported by Song et al.
(Song et al., 2013). However, other studies (Barr et al., 2003; Becker et al., 2004; Kasper-Sonnenberg et al.,
2012; Koch et al., 2004b) reported contrasting results.

Patterns of exposure

Spearman correlations (2-tailed) were applied to concentration data of the studied compounds (Table
S1; Supplementary data). Negative correlation with age was observed only for BPA (-0.176, p-value<0.01) in
contrast with our previous study where all studied compounds were correlated. This observation can be
interpreted by the fact that the factors, which affect exposure in relation with age (consuming food mass/body
mass; skin surface/body mass; floor-to-mouth behaviour decrease as children age increases (Casas et al.,
2011; Wittassek et al., 2007)) change less in higher children ages. All examined compounds correlated
positively (0.247 - 0.699, p-value<0.01), a point that indicates combined exposure, although further analysis
is required to trace more specific mixtures. For this reason, we applied a PCA and the results are depicted in
Figure 1 and in Table S2 of the Supplementary data. Two factors were retained with Eigen values over 1.000
and expressed 54.96% of the variance. The first factor indicates that PBs exposure is combined furthermore
DEP is present in these mixtures since all PBs and DEP are correlated positively. The second factor denotes
that BPA and PEs are correlated and the exposure to them is also combined. The PBs-DEP mixtures are

possibly from usage of personal care-hygiene products and the PEs-BPA from plastic usage (food packaging,
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toys, car parts, clothing, furniture etc.) (Elder, 1984; Geens et al., 2012; Wormuth et al., 2006). The same
distinct patterns were also perceived in 2.5-year children and during pregnancy (Myridakis, 2015a).

Estimated daily intake based on urinary metabolites, indoor air and drinking water concentration
levels
Based on median DI levels, the highest PEs-DI was exhibited by DEHP (4.02 ug d* kgt) followed by
DnBP, DiBP and DEP (0.70 — 1.30 ug d* kg't). The DI of BBP was in relatively lower levels (0.17 ug d* kg?)
(Table 5). Regarding about PBs, MPB had the highest DI (25.75 ug d* kg) with EPB and nPPB at comparable
levels (1.93 - 2.01 pg d* kg?). BPA showed the lowest median DI (0.026 ug d* kg?) (Table 5). The values of
Reference Doses (RfD, ug d* kg*; DEP: 800, DnBP: 100, BBP: 200, DEHP: 20, BPA: 50) established by U.S.
Environmental Protection Agency (U.S. Environmental Protection Agency, 2005a; U.S. Environmental
Protection Agency, 2005b; U.S. Environmental Protection Agency, 2005c¢) and of Tolerable Daily Intake (TDI,
ug d? kgl; DEP:500, DnBP:10, BBP:500, DEHP:50, BPA: 50 (established) / 5 (temporary)) set by the
European Food Safety Authority (European Food Safety Administration, 2005), were compared with our
results. For RfD, 3.6% of the children exceeded DEHP-RfD (20 ug d* kg?). For TDI, 0.2% exceeded DEP-
TDI, 0.4% DiBP-TDI, 1% exceeded DnBP-TDI and 1% DEHP-TDI. BPA-DI didn’t exceed even the strictest
proposed-TDI (4 yg d* kg?) in any case.

DI levels for 4-years old children were compared with those for 2.5-years old children (Myridakis,
2015a) as individual populations, using Mann-Whitney U test. As can be seen in Figure S2 of Supplementary
data, 4-year old children displayed the lowest DI for all examined chemicals. This difference is lower vs 2.5-
year old children for all studied compounds (p-value < 0.003) except DEP and DEHP. We tested also the
differences between only the paired samples at 2.5-year and 4-year (Wilcoxon signed ranked test) and the
results were similar. To conclude, there is general trend in most cases which shows that DI is higher in 2.5-
years old children compared to 4-years old. This trend aids the fact that early childhood is the most vulnerable
life period to endocrine disruptor exposure (World Health Organization, 2012) due to higher exposure except
from increased human organism susceptibility. Although, it must be taken into account the
changes/restrictions in PEs, BPA (European Food Safety Administration, 2015) and PBs market probably
have lowered/altered the exposure through last years and therefore, between sampling periods.

PEs concentration levels in water, indoor air (homes and cars) and the estimated corresponding daily
intakes (from water, air and from all sources calculated through urine concentrations) are presented in Table
6. Home and car air showed comparable concentration patterns, with DEP being the most abundant PE,
followed by DiBP, DnBP/DEHP and BBP. For drinking water, DIiBP showed the highest levels followed by
DnBP, DEP and DEHP. BBP was not detected in water samples. The estimated Dlw and Dla indicated that
intake though air inhalation is generally higher compared to water ingestion. However, both of these routes of
exposure represent a small fraction of the total PEs exposure, expressed by DI, Although the different periods
of sampling for air, water and urine may limit the accuracy of our estimations, we consider that the differences

in DI levels are very important to contradict our observations.
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Conclusions

In this study, we assessed the exposure levels of PEs, PBs and BPA in five hundred (500) 4-year
old children (subjects of Rhea cohort). No gender differentiation was observed concerning metabolite levels.
DI at 4-year old children was lower than the corresponding of 2.5-year old children. Comparison with other
studies worldwide did not reveal strong differentiations in concentration levels for PEs metabolites and BPA.
For PBs there is need for more studies to proceed to solid conclusions. PCA grouped the exposure to two
distinct sources: plastic for PEs-BPA and personal care-hygiene products for PBs-DEP; the same pattern was
observed in 2.5-year children and during pregnancy. The rate of mEHP transformation to mEHHP (a phase of
DEHP metabolism) seems to be age-related. The determination of PEs in drinking water and indoor air, in
order to evaluate their corresponding exposure, revealed their low input to the total exposure, evaluated

through the metabolites urine concentrations.
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Tables

Table 1. Studied endocrine disruptors and their method limits of detection (mLOD)

Parent compounds Metabolites in urine Method limit of detection (mLOD)
in air and water ng/mL urine | ng/m2air | pg/mL water
di-ethyl phthalate mono-ethyl phthalate 0.40 0.02 6.7

(DEP) (MEP)
di-n-butyl phthalate mono-n-butyl phthalate 0.25 0.02 9.1
(DiBP) (mnBP)
di-iso-butyl phthalate mono-iso-butyl phthalate 0.41 0.02 5.6
(DnBP) (miBP)
di-2-ethylhexyl mono-2-ethylhexyl phthalate 0.84 0.05 53.7
phthalate (mEHP)
(DEHP) mono-2-ethyl-5-hydroxy-hexyl 0.01
phthalate
(MEHHP)
mono-2-ethyl-5-oxo-hexyl phthalate 0.18
(MEOHP)
butyl-benzyl phthalate mono-benzyl phthalate 0.02 0.13 4.1
(BBP) (mBzP)
methyl paraben (MPB) 0.06 - -
ethyl paraben (EPB) 0.06 - -
iso-propyl paraben (isoPPB) 0.13 - -
n-propyl paraben (nPPB) 0.09 - -
iso-butyl paraben (isoBPB) 0.04 - -
n-butyl paraben (nBPB) 0.04 - -
Bisphenol-A (BPA) 0.01 - -
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Table 2. Descriptive statistics of PE metabolite levels, ng/mL urine (ug/g creatinine)

PEs metabolite mEP miBP mnBP mEHHP mEOHP mBzP mEHP
Arithmetic mean 131.6 43.3 32.7 44.3 36.4 10.1 10.6
(159.5) (62.5) (45.3) (67.4) (54.5) (14.3) (17.2)
Geometric Mean 38.0 24.8 13.1 26.3 21.0 4.4 6.7
(62.7) (40.9) (21.6) (43.3) (34.6) (7.3) (11.2)
Geometric Mean 34.1-42.3 22.2-27.8 11.3-15.2 24.0-28.7 19.1-23.0 4.0-5.0 6.2-7.3
95% ClI (57.1-68.9) (36.9-45.4) (18.9-24.7) (40.3-46.6) | (32.0-37.3) | (6.6-8.1) (10.3-11.9)
Minimum 1.0 <mLOD <mLOD 0.2 0.4 <mLOD 11
(0.9) (0.2) (0.4) .7)
Median 34.9 29.5 17.2 27.4 22.6 45 6.2
(53.5) (48.8) (27.9) (40.7) (35.4) (7.0) (10.5)
95th percentile 293.1 130.5 104.4 124.5 103.7 35.3 34.4
(416.0) (158.2) (128.8) (161.7) (124.5) (50.6) (46.5)
Maximum 19549.1 586.3 564.4 1504.9 1107.3 426.5 141.1
(17611.8) (671.4) (695.0) (2246.1) (1652.7) (313.6) (300.7)
Detected 100.0 96.8 934 100.0 100.0 99.0 100.0
(%>mLOD)
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Table 3. Descriptive statistics of PBs and BPA levels, ng/mL urine (ug/g creatinine)

Phenol MPB EPB iso PPB nPPB isoBPB nBPB BPA
Arithmetic 79.6 7.7 0.1 10.0 0.2 0.6 2.0
mean (147.2) (12.0) (0.1) (17.2) (0.2) (1.0) (3.2)
Geometric 15.1 1.1 NC 11 NC NC 11
Mean (24.9) (1.9) (1.9) (1.7)
Geometric 13.3-17.2 1.0-1.3 NC 1.0-1.3 NC NC 1.0-1.2
Mean 95% Cl (22.0-28.3) (1.6-2.1) (1.6-2.2) (1.6-1.9)
Minimum 0.7 <mLOD <mLOD <mLOD <mLOD | <mLOD | <mLOD
(0.8)
Median 11.5 0.9 <mLOD 0.9 <mLOD | <mLOD 1.2
(17.6) (1.5) (1.5) (1.9)
95t percentile 263.3 25.5 <mLOD 34.3 0.1 0.7 6.4
(424.7) (43.5) (49.3) (0.2) (1.4) (10.0)
Maximum 3846.7 315.2 15.0 483.2 50.4 97.1 59.2
(11039.7) (573.1) (14.5) (1098.1) (45.4) (158.9) (67.3)
Detected 100.0 96.8 3.8 92.6 10.0 37.6 98.8
(%>mLOD)

NC: Not Calculated
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Table 4. Comparison with similar studies, creatinine adjusted median (ug/g) values

Country;
number of
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(y); reference
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Table 5. Estimated daily intake of PEs, PBs and BPA (ug d* kg1)

Arithmetic Geometric Geometric Minimum Median 95% percentile Maximum
mean mean mean 95% ClI
DEP 4.89 141 1.27-1.57 0.04 1.30 10.89 726.23
DiBP 1.76 1.01 0.90-1.13 <mLOD 1.20 5.31 23.84
DnBP 1.33 0.53 0.46-0.62 <mLOD 0.70 4.25 22.94
BBP 0.38 0.17 0.15-0.19 <mLOD 0.17 1.32 15.95
DEHP 6.48 3.83 3.50-4.18 0.06 4.02 17.30 206.92
MPB 178.34 33.88 29.78-38.54 1.52 25.75 589.88 8616.56
EPB 17.15 2.52 2.18-2.91 <mLOD 2.01 57.23 706.04
isoPPB 0.32 NC NC <mLOD <mLOD <mLOD 33.50
nPPB 22.41 2.55 2.16-3.00 <mLOD 1.93 76.74 1082.29
isoBPB 0.54 NC NC <mLOD <mLOD 0.31 112.85
nBPB 1.43 NC NC <mLOD <mLOD 1.48 217.56
BPA 0.045 0.024 0.021 <mLOD 0.026 0.143 1.327

NC: not calculated
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Table 6. Concentration levels of PEs in indoor air and tap water and corresponding daily intake

compared with urinary daily intake, average values.

PEs Home air Car interior Tap water Air daily Water daily Total daily

concentration air concentration | intake (Dla) intake (Dlw) | intake 4-year

(ng/m3) concentrati pg/mL (Mg d* kg?) | (Mg d'kg?) | old children
on (Dlu)

(ng/m?) (ug d™* kg™)
DEP 1705.1 2459.6 574.6 0.733 0.031 4.888
DiBP 944.6 759.5 2058.6 0.405 0.112 1.762
DnBP 467.6 235.8 1165.4 0.200 0.063 1.329
BBP 5.8 7.3 <LOD 0.002 NC 0.379
DEHP 178.2 350.4 415.9 0.077 0.023 6.475

NC: not calculated
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Figure 1. Principal components plot
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Supplementary data

Table S1. Two-tailed Spearman's correlation coefficients, p-values <0.01

DiBP DnBP BBP DEHP MPB EPB nPPB BPA
Age (y) -0.176
DEP 0.463 0.333 0.332 0.494 0.453 0.367 0.409 0.274
DiBP 0.685 0.634 0.614 0.371 0.307 0.387 0.447
DnBP 0.699 0.629 0.310 0.268 0.334 0.508
BBP 0.637 0.292 0.247 0.349 0.395
DEHP 0.395 0.343 0.411 0.454
MPB 0.620 0.675 0.273
EPB 0.569 0.301
nPPB 0.293

Component 1 2
Eigenvalue 3.72 1.78
% of Variance 3720 17.76
Cumulative % 54.96 37.20
DnBP 0.10 0.84
BBP 0.80
DEHP 0.25 0.72
DiBP 0.20 0.65
BPA 0.55
DEP 0.44 0.31
MPB 0.85

EPB 0.82 0.13
nPPB 0.81 0.18
nBPB 0.62

Coefficients <0.1 are not presented. Rotation converged in 3 iterations
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Figure S1. DEHP relative metabolic rates comparison, arithmetic mean values
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