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ABSTRACT

There is a multitude of industrial chemicals produced and used in a variety of common
consumer products, to which humans and the environment are exposed. For several of
these chemicals, associations between exposure and adverse health effects on
animals and humans have been identified in scientific studies. Some chemicals, the so-
called endocrine disruptors, present a specific problem as they may affect the hormone
system.

Amongst such substances and substance groups, phthalates and bisphenol A are of
particular interest. Phthalates are used as plasticisers and additives in an immense
variety of products and applications, and bisphenol A is used as monomer for the
production of polycarbonates, polyvinyl chloride, epoxy resins and thermal paper. Due
to their presence in common consumer products as well as their chemical structure,
they can migrate from these products into food, beverages, water, air, dust and soil,
leading to human exposure by a variety of routes. Human Biomonitoring for these
compounds is therefore a crucial method for the analysis of chemicals and their
corresponding metabolites in various body fluids to determine the extent of exposure in
both a qualitative and quantitative manner.

At present, only a few Human Biomonitoring studies have been carried out in Austria.
The main aim of the present study, conducted at the Environment Agency Austria, was
therefore the investigation of the exposure to phthalates and bisphenol A of a large
sample of the Austrian population. Samples and data were collected by the Department
of Nutritional Sciences of the University of Vienna within the context of the Austrian
Study on Nutritional Status 2010/2012. In total, the study population consisted of 595
male and female participants from almost all Austrian federal states, who were each
assigned to one of the following groups: Children | (6-8 years), Children Il (7-15 years),
Adults (18-65 years), and Elderly People (64-81 years). In total, 14 urinary phthalate
metabolites’ of 10 parent compounds were analysed by HPLC-MS/MS. Generally,
phthalate metabolites were detected in almost all of the investigated samples, with low
molecular weight phthalates as well as the high molecular weight phthalate metabolites

of di-2-ethylhexyl phthalate (DEHP) being found in the majority of the urine samples. In

! Low molecular weight phthalate metabolites: monoethyl phthalate (MEP), mono-n-butyl phthalate (MnBP), mono-
isobutyl phthalate (MiBP), mono-cyclohexyl phthalate (MCHP), mono-n-pentyl phthalate (MnPeP) and mono-benzyl
phthalate (MBzP). High molecular weight phthalate metabolites: mono-2-ethylhexyl phthalate (MEHP), mono-2-ethyl-5-
oxohexyl phthalate (50xo-MEHP), mono-2-ethyl-5-hydroxyhexyl) phthalate (5OH-MEHP), mono-5-carboxy-2-ethylpentyl
phthalate (5cx-MEPP), mono-n-octyl phthalate (MnOP), 3-carboxy-mono-propyl phthalate (3cx-MPP), mono-isononyl
phthalate (MiNP) and mono-isodecyl phthalate (MiDP).
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agreement with other scientific studies, children were found to be more highly exposed
to the majority of the investigated phthalate metabolites when compared to adults and
elderly people, except in the case of the metabolite MEP, where results were inversely.
Additionally, similar to findings from previous studies, females showed exhibited higher
exposures to several phthalate metabolites than males. The analysis of urinary total
BPA (free and conjugated) was performed with on-line SPE-HPLC-MS/MS. BPA was
detected in only a marginal number of samples, with a minimum detection rate of 11%
in adults and elderly people, and a maximum detection rate of 50% in children aged 6-8
years (Children | group). Thus, similar to the case of phthalate metabolite exposure,
children were also more highly exposed to BPA compared than older participants, and
a decrease of exposure with increasing age was also exhibited. The highest exposure
level for creatinine-unadjusted BPA was 17 ug/l in an adult, and for creatinine-adjusted
BPA, 21 ug/g in a child. The exposure to BPA was generally low within the present
study population. In addition to the data from Human Biomonitoring, daily intakes were
estimated based on urinary volume excretion and urinary creatinine excretion,
respectively, and were then compared to various acceptable exposure levels.
Exceedances of acceptable levels were primarily observed among children, and,
although the overall number of exceedances was low, their presence should be
considered a potential cause of concern. Additionally, the trend of decreasing daily
intakes with increasing age was shown similar to analysed urinary exposure. The
estimations of daily BPA intake also followed two different calculation models, similar to
those of daily phthalate intakes. In general, the calculated daily BPA intakes were low.
Again, similar to trends related to phthalate exposure, a decrease with increasing age
was also identified. Regarding acceptable exposure levels, and especially the new
temporary TDI of 5 pg/kg bw/d, no exceedances existed. For the investigation of
cumulative phthalate exposure, a cumulative risk assessment was performed under
consideration of the dose-addition concept of the Hazard Index (HI) based on TDIs and
RfD AAs. Exceedances were identified only for HI values based on TDIs especially
among children, where the maximum rate of exceedance of 13% was determined in the
group of Children I. Associations between exposure and selected parameters were
also investigated and identified, thereby exhibiting interesting discoveries which could
constitute the subject of further investigations. Overall, the present study provided new
exposure data for a large sample of the Austrian population and contributes to national

and international exposure and risk assessment.
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KURZFASSUNG

Heutzutage wird weltweit eine Vielzahl an Industriechemikalien hergestellt, die unter
anderem in einer Reihe von sehr unterschiedlichen Konsumprodukten ihren Einsatz
finden. Der Kontakt mit diesen Produkten kann zu einer Belastung des Menschen
sowie der Umwelt fihren, wobei etliche dieser Stoffe im Zusammenhang mit negativen
Effekten auf die Gesundheit stehen. Dabei handelt es sich unter anderem um
sogenannte endokrin wirksame Substanzen, die schadigende Effekte auf das

Hormonsystem haben kénnen.

Zu den endokrin wirksamen Substanzen, die in hohen Mengen hergestellt und
verwendet werden, gehoéren die Phthalate sowie Bisphenol A. Phthalate werden als
Kunststoffweichmacher und Additive in einer Vielzahl von unterschiedlichen Produkten
eingesetzt, wahrend Bisphenol A als Monomer in der Herstellung von Polykarbonaten,
Polyvinylchlorid, Kunstharzen und Thermopaper seine Verwendung findet. Durch ihr
Vorkommen in diesen Produkten sowie aufgrund ihrer chemischen Struktur kénnen
sowohl Phthalate als auch Bisphenol A in Lebensmittel, Getranke, Wasser, Luft, Staub
und Boden migrieren und so dber unterschiedliche Wege vom Menschen
aufgenommen werden. Im Kdrper werden sie schnell verstoffwechselt und tber den
Harn wieder ausgeschieden, wo sie in weiterer Folge nachgewiesen werden kdnnen.
Durch das sogenannte Human-Biomonitoring kann dieser Nachweis der Substanzen
bzw. ihrer Metaboliten in unterschiedlichen Korperflissigkeiten erfolgen, um die

Belastung sowohl qualitativ als auch quantitativ zu bestimmen.

Bisher wurden in den vergangenen Jahren nur wenige Human-Biomonitoring-Studien
in Osterreich durchgefiinrt. Das Hauptziel der vorliegenden Studie, durchgefiihrt am
Umweltbundesamt Wien, war die Untersuchung der Phthalat- und Bisphenol A-
Belastung im Harn in einer grof3en Stichprobe der Osterreichischen Bevolkerung. Das
Probenmaterial und die Daten wurden vom Institut der Erndhrungswissenschaften der
Universitat Wien im Rahmen der Osterreichischen Studie zum Erndhrungsstatus
2010/2012 gesammelt. Insgesamt bestand die untersuchte Studienpopulation aus 595
méannlichen und weiblichen Probandinnen aus nahezu allen @sterreichischen
Bundeslandern. Die Einteilung der Studienpopulation erfolgte in die Kategorien Kinder |
(6-8 Jahre), Kinder 1l (7-15 Jahre), Erwachsene (18-65 Jahre) und Seniorlnnen (64-81
Jahre).
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Insgesamt wurden 14 Metaboliten’ von 10 Phthalaten in den Harnproben mittels
HPLC-MS/MS analysiert. In nahezu allen Proben konnten diverse Phthalatmetaboliten
detektiert werden, wobei der Nachweis der niedermolekularen Metaboliten sowie der
Metaboliten des hochmolekularen Di-2-ethylhexylphthalat (DEHP) in einem Grof3teil
der Proben erfolgte. Wie bereits in mehreren wissenschaftlichen Studien gezeigt,
gehdren Kinder zur der am hochsten belasteten Populationsgruppe. Eine Ausnahme
stellt die Belastung mit MEP dar, die bei Erwachsenen und Seniorinnen im Vergleich
Zu jungeren Studienteilnehmerinnen wesentlich héher lag. Ebenfalls in
Ubereinstimmung mit anderen internationalen Studien konnten in weiblichen
Teilnehmerinnen hdhere Belastungen mit diversen Phthalatmetaboliten verglichen mit
mannlichen Teilnehmern festgestellt werden. Die Untersuchung der Konzentrationen
an Gesamt-BPA (freies und konjugiertes BPA) in den Harnproben erfolgte mittels on-
line SPE-HPLC-MS/MS, wobei BPA nur in einer verhdltnismaiig geringen
Probenanzahl nachgewiesen werden konnte. Die Anteile der positiven Proben
variierten je nach Studiengruppe zwischen 11% bei Erwachsenen und Seniorlnnen,
und 50% bei Kindern im Alter von 6-8 Jahren (Gruppe Kinder I). Auch hier waren
Kinder hoher exponiert als altere Studienteilnehmerinnen und es lag eine Abnahme der
Belastung mit steigendem Alter vor. Die maximale nachgewiesene BPA-Konzentration
lag bei 17 pg/l Harn bei einem Erwachsenen, sowie nach Kreatinin-Adjustierung bei 21
Ho/g Kreatinin bei einem Kind der Gruppe Kinder |, wobei generell die Belastung in der
untersuchten Studienpopulation gering ausfiel. Anhand der im Harn bestimmten
Substanzkonzentrationen wurde die Bestimmung der taglichen Aufnahmemenge von
Diethylphthalat (DEP), Di-n-butylphthalat (DnBP), Di-isobutylphthalat (DiBP),
Butylbenzylphthalat (BBzP) und Di-2-ethylhexylphthalat (DEHP) nach zwei
unterschiedlichen Berechnungsmodellen basierend auf dem ausgeschiedenen
Harnvolumen sowie der ausgeschiedenen Kreatininkonzentration durchgefiihrt. Die
berechneten Aufnahmemengen wurden mit tolerierbaren Aufnahmemengen verglichen,
um mogliche Uberschreitungen feststellen zu kénnen. In erster Linie wurden diese bei
Kindern festgestellt. Obwohl die Anzahl der Uberschreitungen generell gering ausfiel,
weist deren Auftreten auf ein moégliches Gesundheitsrisiko hin. AuRerdem konnte eine
Abnahme der taglichen Aufnahmemengen mit steigendem Alter identifiziert werden.

Zur Erhebung der taglichen BPA-Aufnahmemengen erfolgten ebenfalls Berechnungen

2 Niedermolekulare Phthalatmetaboliten: Monoethylphthalat (MEP), Mono-n-butylphthalat (MnBP), Mono-

isobutylphthalat (MiBP), Mono-cyclohexylphthalat (MCHP), Mono-n-pentylphthalat (MnPeP) und Mono-benzylphthalat
(MBzP). Hochmolekulare Phthalatmetaboliten: Mono-2-ethylhexylphthalat (MEHP), Mono-2-ethyl-5-oxohexylphthalat
(50x0-MEHP), Mono-2-ethyl-5-hydroxyhexyl)phthalat (50H-MEHP), Mono-5-carboxy-2-ethylpentylphthalat (5¢cx-MEPP),
Mono-n-octylphthalat (MnOP), 3-carboxy-mono-propylphthalat (3cx-MPP), Mono-isononylphthalat (MiNP) und Mono-
isodecylphthalat (MiDP).
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basierend auf zwei unterschiedlichen Modellen, die ahnlich wie bei den Phthalaten
durchgefuhrt wurden. Die kalkulierten taglichen Aufnahmemengen erwiesen sich als
generell gering, wobei ebenfalls eine Abnahme mit zunehmendem Alter identifiziert
werden konnte. Im Vergleich mit tolerierbaren Aufnahmemengen, speziell mit der
neuen temporaren tolerierbaren taglichen Aufnahmemenge (Tolerable Daily Intake,
TDI) von 5 pg/kg Korpergewicht/d, existierten keine Uberschreitungen. Fir die
Phthalate wurde zur Untersuchung der kombinierten Belastung eine kumulative
Risikobewertung unter Berilcksichtigung des Konzepts des ,Hazard Index® (HI)
basierend auf den entsprechenden TDIs und RfD AAs (Referenzdosis fiir Anti-
Androgenitat) durchgefiihrt, wobei die Uberschreitung eines HI-Wertes von 1 ein
mdgliches Gesundheitsrisiko darstellt. Die berechneten Hls nahmen mit steigendem
Alter von Kindern zu Erwachsenen ab. Bei Seniorlnnen wurde ein erneuter Anstieg
beobachtet. Uberschreitungen existierten alleinig bei Kindern bezogen auf den von den
TDIs abgeleiteten HI-Werten, wobei 13% der Studienteilnehmerlnnen der Gruppe
Kinder | den HI Uberschritten. Bei der Untersuchung von mdglichen Assoziationen
zwischen den Phthalat- bzw. BPA-Belastungen und ausgewahlten erhobenen
Parametern zeigten sich einige statistisch signifikante Zusammenhénge, deren weitere
Untersuchung von Interesse wére. Die vorliegende Studie bietet damit neue Daten zur
Exposition fur eine grofRe Stichprobe der 6sterreichischen Bevdlkerung und tréagt damit

zur nationalen und internationalen Expositionsabschatzung und Risikobewertung bei.



1 INTRODUCTION

1.1 BACKGROUND

The production and usage of chemical substances in various food and non-food
consumer products can lead to chemical exposure in humans as well as in the

environment.

In a multitude of scientific studies, associations have been shown between exposure to
certain chemicals and adverse health effects in animals and humans. Generally, some
of the substances show effects on the hormone system and are therefore suspected to
contribute to various diseases such as fertility disorders, genital malformations or
cancer and may be able to contribute to other health effects such as obesity, insulin
resistance and diabetes. These chemicals are, or are suspected to be, so-called
endocrine-disrupting chemicals, because of their disrupting effects on the endocrine

system of humans and animals.

Amongst other substances and substance groups, phthalates and bisphenol A (BPA)
show endocrine-disrupting effects and are therefore of particular interest. Phthalates
are the most frequently manufactured plasticisers and additives worldwide, and BPA is
used as a monomer in polymer production. Because of their wide range of production
and usage in many common consumer products, humans are exposed to these
substances through various routes. Exposure to phthalates and BPA can occur via oral
ingestion, dermal contact or inhalation. They are rapidly metabolised by the human
body and eliminated mainly via urine, where they can be detected. A common method
for measuring analytes in a qualitative and quantitative manner is so-called Human
Biomonitoring (HBM). Measurements can be performed in various matrices such as
urine, blood and other body fluids, tissues and organs. Thus, the determination of
exposure to various substances in the general population as well as in individuals, the
comparison of exposure levels with reference values and the definition of exposure
limits, as well as the investigation of potential associations with the occurrence of

diseases are possible.

As part of the Austrian Study on Nutritional Status conducted by the Institute of
Nutritional Sciences of the University of Vienna, a Human Biomonitoring study was
undertaken in order to investigate the phthalate and BPA exposure of the Austrian

population.



1.2 OBJECTIVES

Presently, only few Human Biomonitoring studies have been carried out in Austria.

In the context of the Austrian Study on Nutritional Status (ASNS) performed by the

Department of Nutritional Sciences (IfEW) of the University of Vienna (published as

Austrian Nutrition Report 2012), this thesis aims to determine:

(i)

(if)
(iii)

(iv)

v)

the phthalate and BPA exposure of a representative sample of the Austrian
population (children, adults and elderly people) through analysis of urine
samples with HPLC-MS/MS (phthalate metabolites) and on-line SPE-HPLC-
MS/MS (bisphenol A),

reference values for the Austrian population,

possible associations between exposure levels and several parameters
such as age, sex and regional differences,

possible associations between exposure and collected data concerning diet,
environment and lifestyle, and

possible relationships of exposure and parameters such as bodyweight,

body mass index, waist/hip/abdominal circumference or nutritional diseases.

Additionally, several analyses were performed:

(vi)
(vii)
(viii)
(ix)

Daily Intake estimations,
Cumulative risk assessment estimations,
Scenario calculations, and

Meta-analyses.

The design of this study makes a detailed investigation at national level possible.

Because of the large sample size and the availability of comprehensive data, a

valuable contribution to the international risk research is possible. Further, the

investigations could be a highly useful contribution to the Austrian Nutrition Survey.



1.3 PHTHALATES

1.3.1 Introduction

Phthalates are the di-esters of 1,2-benzenedicarboxylic acid (phthalic acid), a group of
not naturally occurring but man-made chemical substances used primarily as
plasticisers in polyvinyl chloride (PVC) production, which can be found in many
consumer products such as toys, food packaging materials, household products, care
products and pharmaceuticals, as well as in coatings, insecticides, lacquers, varnishes,
floorings, adhesives, sealants, synthetic leather and medical devices. (Hauser and
Calafat, 2005) For many years, great attention was paid on phthalates, because of their
suspected adverse effects on human health, especially relating to endocrine-disrupting
effects and their toxicity to reproduction. However, it must be recognised that the group
of phthalates contains many different types and that it is indicated that they do not all
have the same effects on health. (EC, 2011f; Danish EPA, 2013; Kortenkamp et al.,
2011)

Generally, phthalates can be divided into 2 groups:

e Low molecular weight phthalates, which include ester side-chain lengths of one
to four carbon atoms (NRC, 2008). These are primarily used in personal care
products such as cosmetics, perfumes and lotions, as well as in lacquers,
coatings and varnishes, as plasticisers in cellulose acetate, and in

pharmaceuticals (Hauser and Calafat, 2005).

e High molecular weight phthalates, including ester side-chain lengths of five or
more carbon atoms (NRC, 2008). Because of the number of carbon atoms, they
have an increased durability and permanency (ECPI, 2010b). High molecular
weight phthalates are mainly used as plasticisers in vinyl products such as
flooring, wall covering, medical devices and food contact materials (Hauser and
Calafat, 2005).

(R* and R? = CyHansa)
Figure 1. General chemical structure of phthalates (BCERC, 2011)


http://www.chemiereport.at/sites/default/files/images/mainimages/blog/500px-phthalates_general_formulae_svg.png

Low and high molecular weight phthalates are listed in Table 1. Phthalates in bold are

the parent compounds of phthalate metabolites investigated in this study.

Table 1. List of phthalates (EAG, 2011; ECPI, 2010a; Hauser and Calafat, 2005; Swedish Chemical
Agency, 2012)

Phthalate name Molecular formula CAS No. Molecular
weight type

DMP (Dimethyl phthalate) Ci10H1004 131-11-3 very low
DEP (Diethyl phthalate) Ci12H1404 84-66-2 very low
DAP (Diallyl phthalate) C14H1404 131-17-9 low
DPP (Di-n-propyl phthalate) Ci14H1504 131-16-8 low
DnBP (Di-n-butyl phthalate) Ci16H2204 84-74-2 low
DiBP (Di-isobutyl phthalate) Ci16H2204 84-69-5 low
BCP (Butyl cyclohexyl phthalate) CigH2404 84-64-0 low
DnPeP (Di-n-pentyl phthalate) CigH2604 131-18-0 low
DCHP (Di-cyclohexyl phthalate) CooH2604 84-61-7 low
BBzP (Butyl benzyl phthalate) C19H2004 85-68-7 low
DnHP (Di-n-hexyl phthalate) C20H3004 84-75-3 low
DiHP (Di-isohexyl phthalate)l C20H3004 68515-50-4 low
DiHpP (Di-isoheptyl phthalate) C2oH3404 41451-28-9 low
BDP (Butyl decyl phthalate) C22Hz404 89-19-0 low
DEHP (Di(2-ethylhexyl) phthalate) C24H3504 117-81-7 high
DnOP (Di-n-octyl phthalate) C24H3504 117-84-0 high
DiOP (Di-isooctyl phthalate) C24H3304 27554-26-3 high
ODP (n-octyl n-decyl phthalate) Ca6H4204 119-07-3 high
DiNP (Di-isononyl phthalate) Ca6H4204 28553-12-0 high
DPHP (Di(2-propylheptyl) phthalate) CogHas04 53306-54-0 high
DiDP (Di-isodecyl phthalate) CogHas04 26761-40-0 high
DUP (Diundecyl phthalate) CaoHs5004 3648-20-2 high
DIUP (Di-isoundecyl phthalate) CaoHs5004 85507-79-5 high
DTDP (Di-tridecyl phthalate) C34Hs504 119-06-2 high
DIDTP (Di-isotridecyl phthalate) CasHs504 68515-47-9 high

Comments: Phthalates which include 1-2 carbon atoms in their molecular backbone are used as solvents in non-PVC applications. Low
molecular weight phthalates include 4-6 carbon atoms in their backbone, and high molecular weight phthalates include 6-13 carbon
atoms in their backbone. Phthalates with 11-13 carbon atoms are used for requirements of high temperature performance or low fogging,
and are used in car interiors and automotive cables. (ECPI, 2010a)

1.3.2 Production and usage

Generally, plasticisers are grouped into phthalates, aliphatics (mainly adipated and
hydrogenated phthalates), epoxy, terephthalates, trimellitates, polymerics, phosphates
and others, whereby phthalates are the predominant plasticisers among these groups.
80-90% of the plasticisers are used for PVC products worldwide. (IHS, 2012)



In 2008, about 6 million tonnes of plasticisers were produced worldwide, of which
phthalates are the most important group with a production rate of 87% (more than five
million tonnes) per year. 50% of global phthalate usage occurs in Asia, 20% in Western
Europe and 16% in North America. Compared with the amount of one million tonnes of
phthalates produced in Western Europe in 1998, 906,000 tonnes were produced in
2008. In recent years, the production of phthalates has changed in Europe due to
toxicity classifications, mandatory labelling, as well as because of restrictions and bans
on several members of this group. For example, in 1998 DEHP usage accounted for
47% of all phthalates, which fell to 23% in 2008, because of its replacement by DINP
and DiDP. However, on a global level, DEHP was still the most important phthalate in
2008. (EAG, 2011) In 2012, 78% of worldwide plasticiser consumption comprised
phthalates. As shown in Figure 2, the largest plasticiser market in the world is China
(38% of world consumption 2012), followed by Western Europe (16%) and North
America (13%). It is assumed that the market in Western Europe will grow at a rate of
1% annually. The global consumption of phthalates is forecast to increase 2.4%
annually during 2011 and 2018, whereby the consumption of low molecular weight
phthalates is forecast to decrease due to replacement mainly by non-phthalates. (IHS,
2012) Detailed information on the production and use of phthalates investigated in this
study is provided in 1.3.7.

World Consumption of Plasticizers—2012
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Figure 2. Worldwide consumption of plasticisers in 2012 (IHS, 2012)

1.3.3 Toxicokinetics

1.3.3.1 Routes of exposure

Humans are exposed to phthalates through various routes. They are contained in a

multitude of common consumer products such as food packaging materials, building



materials, clothing, cosmetics, pharmaceuticals, furnishings, medical devices, toys,
cleaning products and pesticides, to name a few. This exposure occurs through direct
contact and use, or indirectly via leaching into other products or general environmental
contamination (e.g. via indoor air and food). Phthalates are a group of substances with
varying chemical structures, and therefore with varying physico-chemical
characteristics which influence their behaviour in the environment as well as in
organisms. (Schettler, 2006) Because of their characteristics, phthalates contained in
consumer products are not chemically bound to polymers and are able to migrate from
product surfaces into food and beverages, water, indoor and outdoor air, house dust
and soil (Wormuth et al., 2006; Navarro et al., 2010).

Routes of phthalate exposure include:

- Oral route: uptake via food, nutritional formulas, pharmaceuticals, nutritional
supplements, medical devices, toys placed into mouth, as well as other
mouthing objects.

- Inhalation route: uptake via house dust, indoor air, or medical devices (e.g. for
respiratory therapy).

- Dermal route: uptake via skin contact (e.g. with clothing, cosmetics, personal
care products, sunscreens, modelling clay, toys, cleaning products, soil or
dust).

- Intravenous route: uptake via medical devices. (Schettler, 2006)

1.3.3.2 Metabolism and elimination

For risk assessment, it is very important to understand the metabolism of substances
such as phthalates. In many cases, biotransformation and metabolism of chemical
substances result in detoxification and make the excretion easier. In the case of the
group of phthalates, this does not occur. DEHP and DnBP, for example, are
metabolised to their respective monoesters MEHP and MnBP, which are bioactive and

are excreted via urine. (Silva et al., 2003)

The metabolism and the excretion via urine and faeces of phthalates occur rapidly. Low
molecular weight phthalates are metabolised into their corresponding hydrolytic
monoesters by hydrolysis during the phase | biotransformation. On the contrary,
phthalates with high molecular weights are metabolised to their corresponding
hydrolytic monoesters, followed by an enzymatic oxidation of the alkyl chain and are

finally metabolised to oxidative, more hydrophilic metabolites. (Hauser and Calafat,



2005) The general phthalate metabolism is shown in Figure 3 and Figure 4. Further,
the monoesters and the oxidative metabolites can be excreted via urine and faeces, or
are able to undergo the phase Il biotransformation catalysed by the enzyme uridine 5’-
diphosphoglucuronyl transferase (UGT). During this process, phthalate metabolites
react with glucuronic acid and form glucuronide conjugates, which result in a higher
water solubility and in an increased excretion via urine. Additionally, because of the
glucuronidation of the metabolites, the biological activity may be reduced.
Investigations suggest that the phase Il biotransformation may be the main way of
detoxification for the phthalates DBP, BBzP and DEHP, but not for DEP. The
percentages of the excretion of free monoester phthalates or monoester glucuronides
depend on their aqueous solubility. MEP, the main metabolite of DEP, has been found
in human urine samples predominantly as free MEP, whereas the metabolites MBP,
MBzP and MEHP have been found predominantly as glucuronides, which suggests
similar pathways for DBP and BBzP. (Silva et al., 2003)

The individual metabolisms of phthalates investigated in this study are discussed in
Chapter 1.3.7.
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Figure 3. General scheme of phthalate metabolism (EAG, 2011)
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1.3.3.3 Biomarkers

As described above, the knowledge of metabolism and elimination of substances such
as phthalates is important for the conduction of valid exposure investigations, and thus
for Human Biomonitoring. Depending on their chemical structure, phthalates are
metabolised only in their hydrolytic monoesters, such as DnBP for example, or are
further transformed to the corresponding oxidative metabolites like DINP. (Koch and
Angerer, 2012) Table 2 shows several phthalates and their metabolites used as

biomarkers:

Table 2. Parent phthalates and their metabolites used as biomarkers in Human Biomonitoring
(adapted from Koch and Angerer, 2012)

Hydrolytic monoester (primary Oxidised monoester(s) (secondary

Parent phthalate

metabolite)

metabolite(s))

DMP (Dimethyl phthalate)
DEP (Diethyl phthalate)

DCHP (Di-cyclohexyl
phthalate)

DnPeP (Di-n-pentyl phthalate)
DiBP (Di-isobutyl phthalate)

DnBP (Di-n-butyl phthalate)

DnOP (Di-n-octyl phthalate)

DEHP (Di-(2-ethylhexyl)
phthalate)

DiNP (Di-isononyl phthalate)

DiDP (Di-isodecyl phthalate)

MMP (Monomethyl phthalate)
MEP (Monoethyl phthalate)
MCHP (Mono-cyclohexyl phthalate)

MnPeP (Mono-n-pentyl phthalate)
MiBP (Mono-isobutyl phthalate)

MnBP (Mono-n-butyl phthalate)

MnOP (Mono-n-octyl phthalate)

MEHP (Mono-(2-ethylhexyl) phthalate )

MiNP (Mono-isononyl phthalate)?

MiDP (Mono-isodecyl phthalate)?

OH-MiBP (OH-Mono-methyl-propyl

phthalate)

OH-MnBP (OH-Mono-n-butyl
phthalate),

3cx-MPP (3-carboxy-mono-propyl

phthalate)*

3cx-MPP (3-carboxy-mono-propyl

phthalate)*
50H-MEHP (50H-mono(2-
ethylhexyl) phthalate),

50x0-MEHP (50x0-mono(2-
ethylhexyl) phthalate),

5cx-MEPP (5carboxy-mono(2-
ethylhexyl) phthalate)

OH-MINP (7OH-mono-methyloctyl

phthalate),

oxo-MiNP (7oxo-mono-methyloctyl

phthalate),

cx-MiNP (7carboxy-momo-
methylheptyl phthalate),

3cx-MPP (3-carboxy-mono-propyl

phthalate)*

OH-MIDP (60H-mono-propylheptyl

phthalate),

oxo-MiDP (6oxo-mono-propylheptyl

phthalate),

cx-MiDP (Mono(2,7-methyl-7-
carboxy-heptyl) phthalate

Analysed phthalates and phthalate metabolites in this study are in bold.

! 3cx-MPP is the metabolite from several phthalates (DnBP, DnOP, and DiNP), and was analysed in this study, but no conclusion could
be made relating to the parent compound.

2 In this study, only primary metabolites were analysed. Only 2-7% of parent compounds are excreted via urine as the corresponding
simple monoesters (Koch and Angerer, 2012). Thus, primary metabolites are not accurate biomarkers for investigating parent phthalate
exposure.



1.3.3.4 Mechanisms of action

Endocrine disruption and sexual differentiation

Endocrine disrupting chemicals can interfere with sex determination (hormone-
independent formation of testis or ovary) and sexual differentiation (hormone-
dependent) (Sharpe, 2006). Recent studies in animals have shown endocrine
disrupting effects of several phthalates. The primary DEHP metabolite MEHP is
identified to affect Sertoli cells in testes, which lead for example to decreased sperm
production. Under normal conditions, the development of these cells depends on
stimulation by follicle stimulating hormone (FSH) which is produced in the pituitary
gland. By interacting with FSH-receptors in the cell membranes of Sertoli cells, event
cascades are triggered which are necessary for normal growth and development of the
Sertoli cells. The metabolite MEHP, as well as other phthalates and their metabolites,
are able to interfere with these cascades, resulting in toxicity to Sertoli cells. However,
detailed mechanisms of actions of phthalates are not completely understood at the
present time. Additionally, in ovaries, granulosa cells that are responsible for the
production of estrogen are dependent on FSH as well. In animal tests and in in vitro
cell culture studies, adverse effects of MEHP on these granulosa cells have been
demonstrated, which lead to increased estrogen production and abnormal estrogen
cycling in adult females. (Schettler, 2005)

Phthalates may influence the masculinisation of males. For testes formation, three
hormones from fetal testes are important; the anti-Millerian hormone (AMH),
testosterone, and the insulin-like factor-3 (Insl3). AMH is secreted by Sertoli cells into
the bloodstream as the first hormonal event of masculinisation and acts on Millerian
ducts which induce their regression. Testosterone secreted by fetal Leydig cells is the
second and most important event that supports most body-wide processes of
masculinisation. Low testosterone levels in the bloodstream activate a hormonal
amplification achieved through the enzyme 5a-reductase in androgen target tissues to
guarantee complete masculinisation. Thus, 5a-reductase converts testosterone into 5a-
dihydrotestosterone (DHT). DHT has a 10-fold higher potency of activating the
androgen receptor (AR) than testosterone and to genes which are regulated by
activated AR. Alternatively, testosterone can also be converted into estradiol via the
activation of the enzyme aromatase. Estradiol can bind to the estrogen receptors ERa
and ER, which can induce biological effects. A potential target for endocrine disruption

by environmental chemicals is 5a-reductase, although no such effects have been yet
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reported. Insl3 is also produced by the fetal Leydig cells. (Sharpe, 2006) The hormonal

processes that are involved in masculinisation are shown in Figure 5.
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Figure 5. Hormonal processes involved in masculinisation (Sharpe, 2006)

Testicular Dysgenesis Syndrome

The most common birth defects in human males are cryptorchidism and hypospadias.
Additionally, incidences of germ-cell cancers in males and decreased sperm quality are
increasing. Such observations are comprised as “testicular dysgenesis syndrome”
arising in fetuses during the development of the reproductive system caused by
disruption of gene programming in critical stages of the development of fetal testes by
genetic or environmental factors. Exposure to phthalates and their effects on the
reproductive tract in male rodents exhibit with endpoints that are concerned in human

males that lead to testicular dysgenesis syndrome. (NRC, 2008)

PPAR activation

Peroxisome proliferator-activated receptors (PPAR) are nuclear steroid hormone-like
receptors which act as transcription factors. They play several important roles in the
body, such as modulating signal molecules responsible for mediating changes in gene
expression for maintaining lipid homeostasis, or activating transcription of specific
target genes. Different PPAR isoforms (a, /8, y) exist related to the specific organ or
the individual cell type. In the liver, PPARa is primarily responsible for mediation of
effects induced by peroxisome proliferators, and in all species expressed in their

hepatocytes. Synthetic peroxisome proliferators such as DEHP metabolites act as
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PPARa ligands, whereby MEHP is able to transactivate PPARa reporter constructs in
transfected cells, for example. But it must be considered, however, that there are large
differences between species, e.g. between rodents and humans (in rodents, the effect
of transactivation by DEHP metabolites, MEHP in this case, occur at lower
concentrations and with greater efficacy compared to humans). Additionally, MEHP is
also able to transactivate PPARYy, and studies have reported the transactivation of
PPARR/® as well. But compared to other specific PPARa ligands, the DEHP metabolite
MEHP is a relatively weak agonist, and although MEHP is able to transactivate PPARa

in vitro, there are species-specific differences. (Rusyn, Peters and Cunningham, 2006)

Peroxisome proliferation and peroxisomal protein induction

Peroxisomes are organelles in the cytoplasm of all cell types which contain hydrogen
peroxide generating oxidases, catalase and an enzyme system for fatty acid B-
oxidation. As described above, peroxisome proliferators are able to reduce the number
and size of peroxisomes, lead to changes in morphology, and can induce peroxisomal
enzyme activities. These effects are found in hepatocytes, whereas only minor effects
have been found in other tissues. (ECB, 2008; Rusyn, Peters and Cunningham, 2006)
The phthalate DEHP is a known peroxisome proliferator (PP). Hepatocytes, which are
the main cell type in the liver, are responsive to exposure to PPs including DEHP. In
general, PPs are substances that share many biological effects. They are

characterised as non-genotoxic rodent carcinogens.

PPARa are transcription factors of several target genes, which are involved in the
metabolism of fatty acids (e.g. PPARa affects expression of mitochondrial and
peroxisomal fatty acid enzymes). In rodents, decreases in activity of those enzymes
which are involved in B-oxidation in the liver have been shown after treatment with
peroxisome proliferators. DEHP exhibits similar effects. Compared to results from

rodents, humans are less responsive. (Rusyn, Peters and Cunningham, 2006)

Apoptosis suppression

Apoptosis, a process in the body which maintains the correct number of cells in body
tissues and removes unwanted and damaged cells, is important for preventing cells
from tumor progressing. In vivo studies in rodents have shown that PPARa agonists
are able to supress apoptosis rates. In cell culture studies in rodents, MEHP leads to
suppression of the spontaneous apoptosis of hepatocytes. In humans, there is
currently no evidence of anti-apoptotic effects of MEHP. (Rusyn, Peters and
Cunningham, 2006)
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Reactive Oxygen Species production and oxidative stress

Imbalances between pro- and antioxidants lead to oxidative stress in an organism.
Reactive oxygen species (ROS) are consequently increased, which can lead to
oxidative DNA damage and lipid and protein damage. The most important intracellular
defence systems in the body for the prevention of oxidative stress are antioxidant
enzymes such as superoxide dismutases, glutathione peroxidases and catalases. A
disruption of these systems leads to ROS accumulation and oxidative damage. In
humans and in animal models, antioxidants and ROS are implicated in the regulation of
follicle development, maturation of oocytes, fertilisation, embryo development and
pregnancy. The accumulation of ROS has been shown in studies to be related with
age-associated declines in follicle quality, endometriosis, infertility and low reproductive
success. Additionally, they may influence the initiation of apoptosis in antral follicles.
Studies in animals have shown that MEHP can inhibit the activity of glutathione
peroxidase which may lead to toxic effects. (Wang et al., 2012b) MEHP, which is the
primary metabolite of DEHP, has been shown to induce oxidative stress through other
mechanisms compared than its parent compound DEHP by affecting different
antioxidant enzymes (Wang et al., 2012b). DEHP can affect the expression and activity
of superoxide dismutases, but not of glutathione peroxidase and catalase (Wang et al.,
2012c).

1.3.4 Health Effects

During the last decades, exposure to various industrial chemicals among the general
population increased. Sources include common consumer products as well as food and
drinking water. In the same period of increasing use of these substances, the
prevalence of chronic illnesses such as malformation of genitals, asthma and allergies,
diabetes and obesity increased as well. These findings may be the result of diagnostic
criteria changes, but environmental and genetic factors also play important roles.
(Bornehag and Nanberg, 2010)

Phthalates as industrial chemicals have been identified to lead to various adverse
health effects relating to reproduction and development, oxidative stress, inflammation,

asthma and allergies, obesity or insulin resistance for some examples.

Several phthalates are endocrine disrupting chemicals (EDCs) which are able to act as
anti-androgens, estrogens, anti-estrogens or inhibitors of steroidogenic enzymes and

are able to act with thyroid hormones and their receptors through interaction, as well as
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within the brain and the immune system. (Fisher, 2004) Various studies have shown
that changes in testosterone levels in men can lead to several health effects.
Testosterone administration has been shown to reduce total fat mass. In men
undergoing an androgen deprivation therapy for prostate cancer, increases of total fat,
serum glucose and of the prevalence of metabolic syndrome were shown. On the one
hand, several epidemiologic studies support these findings, but on the other hand,
some epidemiologic studies do not. Amongst other man-made chemicals, phthalates
are able to reduce the production or function of androgens such as testosterone.
(Stahlhut et al., 2007)

The exposure to anti-androgenic chemicals during sexual differentiation can lead to
malformations of the reproductive tract in mammals. The perinatal administration of AR
antagonists such as DEHP inhibits the testicular testosterone production in fetuses and
demasculinises males. Thus, reduced anogenital distance (AGD), cleft phallus with
hypospadias, retained nipples, undescended testes, vaginal pouch and epididymal
agenesis were observed. DBP have also been shown to lead to anti-androgenic effects

and is capable of inducing malformations in male rats. (Gray Jr. et al., 2000)

The endocrine system consists of many interacting and interconnecting axes. For the
mature reproductive system, the main regulator is the hypothalamo-pituitary-gonadal
axis, which works as a negative feedback system, that exist because of the existence
of gonadotrophin-releasing hormone (GnRH) neurons located in the hypothalamus in
the brain. These neurons release GnRH from the hypothalamus in the portal blood
supply, which leads to the stimulation of the release of luteinizing hormone (LH) and
follicle-stimulating hormone (FSH) from the gonadotrophic cells into the pituitary gland.
Via the systemic circulation, LH and FSH move to endocrine-active cells of the testis
and ovary, and act. In the testis, testosterone and estradiol are secreted by the so-
called Leydig cells, and inhibin B is secreted by the Sertoli cells. Thus, feedbacks to the
pituitary and the hypothalamus are signalled for the regulation of the release of GnRH,
LH, and FSH. EDCs are capable of acting at all levels of the hypothalamo-pituitary-
gonadal axis. Thus, during the development of the axis during fetal life stages, this may
be a strong vulnerability window for altering homeostatic mechanisms of the endocrine
system. (Fisher, 2004)

In the following, various health effects caused by phthalate exposure are discussed.
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1.3.4.1 Reproduction and development

Anti-androgen activity and sexual differentiation

The androgens testosterone and dihydrotesterone (DHT), which are produced during
fetal and neonatal development by the testes, are one of the major factors for the
development of the internal and external reproductive tract in males and therefore for
masculinisation. Exogenous substances like some phthalates are able to interfere with
androgen synthesis and/or action, which leads to adverse effects on the developing
male genital tract. (Fisher, 2004) In rats, several phthalates have been shown to alter
sexual differentiation, to exhibit anti-androgenic activity (Gray et al., 2000; Stroheker et
al., 2005), to lead to reduced testosterone production, to the reduction of testicular and
whole-body testosterone levels in fetuses and neonates, to reduced AGD in offspring,
Leydig cell hyperplasia, to increased multinucleated gonocytes (Parks et al., 2000),
decreased bulbocavernosus and levator ani muscles, prostate and seminal vesicles
relative weights and to an increased relative weight of the liver (Strohecker et al.,
2005). Studies in humans have shown that prenatal phthalate exposure and the
anogenital index (AGI; AGI=AGD/weight [mm/kg]) in boys are inversely associated
(Swan et al., 2005). Positive correlations were reported in a cohort-study investigating
breast milk contaminations and possible influences of phthalates in male newborns
between several phthalates and sex-hormone binding globulin, LH to free testosterone
ratio, and LH, which suggests that development and function of Leydig cells may be
vulnerable to perinatal phthalate exposure (Main et al., 2006).

Estrogenic activity

Estrogenic effects are ER-mediated and initiate a cascade of cell/tissue-specific effects
similar to those caused by estradiol. Estrogen-like effects are defined as resembling
effects of 17B-estroadiol, but are not ER-mediated. Overall, estrogenicity is a
cumulative response in cells and/or tissues that are sensitive to estrogen resulting from
ER-activation (directly or indirectly) and subsequent cellular/tissue responses. (Moore,
2000).

Similar to androgens, estrogens affect reproductive systems in males and females.
Several studies in rodents have shown that prenatal phthalate exposure leads to the
reduction of fetal Leydig cells and testosterone production, resulting in postnatal
reproductive disorders in males. Prenatal DnBP exposure at low doses has been
shown to lead to alterations of ERa and ERp, and to alterations of AR on testicular

Leydig cells in rats. Additionally, seminiferous tubule degeneration and atypical
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hyperplasia of Leydig cells during the rat’s adulthood was identified, which was related
to increased ERa expression, and decreased ERB and AR expression in the testes.
(Wakui et al., 2014) DnBP was identified to bind ERa and to enhance the proliferation
of a breast cancer cell line (MCF-7) expressing ERa (Nishihara et al., 2000; Wakui et
al., 2014). Thus, some phthalates have the affinity to bind to ERf3, although the affinity
is weak (Harris et al., 1997; Wakui et al., 2014). DEHP binds to ER and reduces the
binding of 17B-estradiol to the ER (Jobling et al., 1995).

Fertility, sperm motility and sperm quality

Worldwide, reproductive health has been becoming increasingly impaired, and the
fertility rates and sperm counts of average men have been declining. Because of the
changes taking place over a short time period, they are more likely to be due to
environmental than genetic factors. (Pant et al., 2010) In toxicological studies, several
phthalates have been identified to be reproductive and developmental toxicants,
whereby a multitude of these studies focused on exposure to phthalates and their
effects during gestational exposure windows. However, there is also evidence that the
exposure to some phthalates can lead to testicular toxicity in adolescents and adults,
which includes impaired spermatogenesis. (Hauser et al., 2007) Recent studies have
also shown that there are indications that phthalate exposure affects semen quality, but
the results of these studies are not conclusive and further investigations are needed
(Duty et al., 2004; Hauser et al., 2007; Jonsson et al., 2005; Liu et al., 2012).

Birth outcome and preterm birth

Preterm birth is defined as the birth of a child at <37 completed weeks or 259 days of
gestation. It is a major cause of neonatal mortality and morbidity and leads to long-term
adverse health effects such as cerebral palsy, sensory deficits, learning disabilities,
and respiratory illnesses. In 2005, 9.6% of all births were preterm, whereby 85% of
them occurred in Africa and Asia. In Europe, about 0.5 million preterm births occurred
(6.2%). (Beck et al., 2010) In industrialised nations, preterm birth rates have increased
in recent decades. Factors that contribute to the increase of preterm births remain
largely unclear, but exposure to environmental pollutants may play a role. (Meeker et
al., 2009) Several studies indicate possible relationships between phthalate exposure

and preterm birth and/or influence on birth outcome, but the results of these studies are

inconclusive. In newborns, several studies have observed that various phthalates were
associated with shorter pregnancy durations and therefore with preterm births (Latini et
al., 2003; Meeker et al., 2009; Wolff et al., 2008).
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Neurobehaviour

Some epidemiologic studies have demonstrated that phthalate exposure may have an
influence on neurobehaviour in infants. Associations were found between urinary
DEHP metabolites and IQ scores in South Korean school children, as well as between
DEHP and DnBP metabolites and vocabulary subscale scores. However, limitations in
cross-sectional epidemiology exist. (Cho et al., 2010) Additionally, associations were
found between prenatal DEHP exposure and non-optimal reflexes in males (Yolton et
al., 2011), and between prenatal phthalate exposure and decreased mental and motor

development, and increased internalising behaviours in children (Whyatt et al., 2012).

1.3.4.2 Thyroid hormone system

Thyroid hormones are important for many physiological processes in the body such as
growth, brain development, energy balance, metabolism or various functions in the
reproductive, nervous, cardiovascular and pulmonary systems of fetuses, children and
adults (Meeker and Ferguson, 2011). In preterm infants, main reported factors affecting
thyroid function are immaturity of the hypothalamic-pituitary-thyroid axis, immature
synthesis and metabolism of thyroid hormones, and insufficient or excessive iodine
exposure (Latini et al.,, 2014). Studies reported evidence that exposure to
environmental chemicals such as phthalates and BPA can affect thyroid signalling
through various mechanisms. (Meeker and Ferguson, 2011) Phthalates may interfere
with thyroid homeostasis via several mechanisms: they are capable of interfering with
various receptors and can thus influence the synthesis of thyroid hormones, they are
able to bind competitively to the transport protein transthyretin, and can inhibit the
uptake of red blood cells or the expression of the thyroid receptor beta gene. (Boas et
al., 2006) In adults, significant inverse associations between DEHP metabolites and
total and free T4, total T3, and thyroglobulin, as well as positive associations with TSH
have been reported (Meeker and Ferguson, 2011). In children, studies have found
negative associations between phthalate concentrations and thyroid hormones, insulin-
like growth factor and childhood growth with gender differences (Boas et al., 2010), as
well as possible alterations of serum TSH levels after high-dose exposure to phthalate-
tainted food (Wu et al., 2013).

1.3.4.3 Oxidative stress and inflammation

Oxidative stress is an imbalance between the production of free radicals and

antioxidant capacity in the organism which results in an excess of oxidative products
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and is important for many pathological conditions such as insulin resistance. (Hong et
al., 2009) Animal studies have shown increased oxidative stress and inflammation
induced by phthalate exposure. These increases may lead to adverse health effects in
humans. Some studies in humans have investigated possible relationships between
exposure to phthalates and biomarkers of oxidative stress and inflammation.
(Ferguson, Loch-Caruso and Meeker, 2011) In a study conducted on U.S. American
males and females, positive associations were found between the marker for
inflammation C-reactive protein and MBzP as well as MiBP, and between the marker
for oxidative stress gamma glutamyltransferase and MEHP. However, inverse
relationships were shown between the biomarkers and mainly oxidized metabolites.
(Ferguson, Loch-Caruso and Meeker, 2012) Additionally, positive associations were
identified between 50H-MEHP concentrations in urine and fasting blood sugar levels,
which may contribute to insulin resistance development, as well as significant dose-
response relationships between urinary chemical exposure biomarkers and levels of

oxidative stress (Hong et al., 2009).

1.3.4.4 Asthma, rhinitis, eczema, and allergies

In recent years, incidences of asthma and allergies have been increased and become
one of the most common chronic diseases among children and adolescents. The main
route of phthalate exposure is via food ingestion; however, studies have shown that
children have higher total intakes than adults, which is expected to be due to sucking
on plastic toys and other plastic products, and due to the ingestion of indoor dust.
(Bornehag and Nanberg, 2010) Although the volatility of phthalates is low, they are
able to off-gas and be present in indoor air and house dust (Jaakkola and Knight, 2008)
The most commonly found phthalate in indoor dust has been DEHP, followed by BBzP,
DnBP, DiBP, as well as DEP, whereby main sources are PVC floorings and coverings
and furniture polishing products. (Bornehag and Nanberg, 2010) Many studies,
including case reports, epidemiologic studies and toxicity studies, have observed that
emissions of phthalates from PVC materials may lead to an increased risk of asthma

and allergies (Tsai, Kuo and Ko, 2012).

Several studies in children have shown that significant associations exist between the
occurrence of asthma and allergies, and/or symptoms of wheezing, rhinitis, eczema
and/or bronchial obstruction and phthalate levels in relating house dust samples
(Bornehag et al., 2004; Hsu et al., 2012; Jaakkola et al., 1999; Jaakkola and Knight,
2008; Kolarik et al., 2008). Phthalate exposure through indoor dust does not solely

affect children. A study that investigated associations between bronchial asthma
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among office employees and the state of indoor air as a result of the degradation of
PVC floor coverings has shown that the indicator for DEHP degradation 2-ethyl-
lhexanol indicated the PVC degradation.

Higher incidences of several respiratory, conjunctival and dermal symptoms were
found. (Tuomainen, Seuri and Sieppi, 2004) In a meta-analysis and systematic review
of the available literature between 1950 and 2007 on the effects of phthalate exposure
via air and the occurrence of asthma and allergies, the findings of several studies
supported the hypothesis that phthalates leaching from PVC materials increase the risk
of allergies and asthma. High phthalate levels are able to modulate the murine immune
response to a co-allergen. In adults, heated PVC fumes may contribute to the
development of asthma. In children, associations between indicators of exposure to
phthalates in homes and the risk of asthma and allergies were shown. (Jaakkola and
Knight, 2008)

Investigations of the pathogenesis of asthma and allergies have identified exposure to
environmental factors, especially pollutants in indoor air and dust, as contributors (Hsu
et al.,, 2012). Phthalates, which are extensively used in daily life, contribute to the
pathogenesis of asthma, allergies and related diseases. Much of the epidemiologic
evidence addresses the associations between asthma and allergic diseases and
phthalate exposure, and most of the experimental studies address the effects of
phthalates on immune responses. Regarding to investigations of the detailed molecular
signalling mechanisms of phthalate exposure, only a few studies exist. Therefore,
further investigations are necessary, including in vivo and in vitro studies. (Tsai, Kuo
and Ko, 2012)

1.3.4.5 Obesity, insulin resistance, diabetes mellitus

Worldwide, the prevalence of overweight and obesity, insulin resistance and diabetes
mellitus is still increasing. In Austria, 24% of children between 7 and 14 years are
obese. Among the adult population, the prevalence of obesity among males amounts
52%, and among females 28%, as well as 33% of the elderly people. (Elmadfa et al.,
2012) Most presumable causes for the development of obesity are behavioural, genetic
and environmental factors that interact in complex ways. In recent decades, the main
interest has centred on the most common causes: the high caloric fatty diets in
combination with sedentary lifestyle and genetic predisposition. But the exact aetiology
of obesity is unknown. Endocrine disrupting chemicals may contribute to its prevalence.

(Newbold, 2010) An exposure to endocrine disrupting chemicals during critical
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developmental stages may contribute to adipogenesis and to the development of
obesity (Hao et al., 2012).

Several phthalate metabolites are able to bind to and activate the PPARs in humans.
PPARYy controls insulin sensitivity and plays an important role in fat storage by the
promotion of adipocyte maturation and survival. Thus, phthalate metabolites can
promote the differentiation from pre-adipocytes to adipocytes by PPAR activation. (Hao
et al., 2012; Lind et al., 2012; Martinelli, Mocchiutti and Bernal, 2010; Schmidt et al.,
2012) In an in vitro study in primary cultures of human subcutaneous adipocytes, the
rapid stimulation of MEHP expression in genes involved in glyceroneogenesis, and
enhancement of the cytosolic phosphoenolpyruvate carboxykinase expression, as well
as a reduction of fatty acid release have been shown, which supports that MEHP is
able to increase the glyceroneogenesis and fatty acid re-esterification in adipocytes in
humans. Additionally, they reported that these and other findings indicate the
promotion of the differentiation of human pre-adipocytes to adipocytes by MEHP.
(Ellero-Simatos et al., 2011)

Additionally, a multitude of scientific epidemiological studies have been carried out in
recent years. In children and/or adults, positive associations have been found between
several urinary phthalate metabolite concentrations and abdominal obesity (Stahlhut et
al., 2007), insulin resistance (Hong et al., 2009; Stahlhut et al., 2007), self-reported
diabetes (Svennson et al., 2011), increased waist circumference (Hatch et al., 2008;
Lind et al., 2012; Teitelbaum et al., 2012), increased BMI (Hatch et al., 2008;
Teitelbaum et al., 2012; Wolff et al., 2008), as well as total fat mass, trunk fat mass,

and subcutaneous adipose tissue in females (Lind et al., 2012).

1.3.5 Legislationin the EU

In the EU, phthalates are regulated in various ways. Generally, chemicals are regulated
by the REACH regulation® and the CLP regulation®. Under REACH, the registration of
substances produced or imported into the EU in amounts of 21 tonnelyear are

required, which includes the documentation of health effects and environmental

3 Regulation on Registration, Evaluation, Authorisation and Restriction of Chemicals (Regulation (EC) No
1907/2006); published in 2006 and entered into force in June 2007. REACH harmonises the European
chemicals legislation. (EC, 2012)

4 Regulation (EC) No 1272/2008 on Classification, Labelling and Packaging of Substances and Mixtures;
entered into force in January 2009. CLP harmonises and notificates classification and labelling of
chemicals. (Schoéning, 2010)
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properties. The information requirements increase with the amounts of produced or
imported substances, whereby the industry is responsible for submitting
documentation. A substance is not allowed to be produced or be placed on the market
if documentation is not provided. Several regulatory options exist under REACH,
whereby the authorisation scheme, the harmonised classification and restrictions are
the most important. (Danish EPA, 2013)

1.3.5.1 Classification

The classification and labelling of substances is conducted according to the CLP
regulation (Regulation (EC) No 1272/2008) which entered into force in January 2009
and replaced the Directive 67/548/EEC (Dangerous Substances Directive), the
Directive 199/45/EC (Dangerous Preparations Directive), and the REACH Title XI
(Classification and Labelling). The main aim is the harmonisation and notification of the
classification and labelling of chemicals, and to request the use of alternative names for
chemicals in substances. (Schoning, 2010) CLP is based on the third revision of the
Globally Harmonised System of Classification and Labelling of Chemicals of the United
Nations (UN GHS), which was developed on a global level in order to minimise
differences between several existing systems for classification, and provides an
integrated system of hazard communication elements: hazard pictograms, signal words

and hazard statements® as well as precautionary statements (ECHA, 2013e).

Concerning phthalates, some of them are classified as toxic to reproduction, whereby

different categories exist:

- Repr. Cat. 1: known or presumed to be toxic to human reproduction (Cat. 1A:
evidence of effects in humans; Cat. 1B: evidence of effects in animals)

- Repr. Cat. 2: suspected to be toxic to human reproduction.

Substances that are toxic to reproduction are further classified in relation to their

adverse health effects:

- FIf: adverse effects on sexual function and fertility

- D/d: adverse effects on development of offspring (Danish EPA, 2013)

® Hazard statements determine different hazard classes and categories describing the type of hazards of a

hazardous substance including the degree of hazard (United Nations, 2007).
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Table 3 shows the harmonised classification of DEHP as an example for classification

and labelling:

Table 3. Harmonised classification according to Annex VI of CLP Regulation for DEHP (ECHA,
2014b)

Classification

Hazard Class and Category Code Repr. 1B Toxic for reproduction category 1B

Hazard Statement Code H360FD May damage fertility, may damage the
unborn child

Labelling

Pictogram GHSO08 “Health Hazard”

Signal Word Dgr “Danger”

No separate classifications for endocrine disrupting effects exist. Various endocrine
disrupting chemicals meet the criteria for classification as “toxic to reproduction”, but
these effects on the endocrine system can also lead to other health effects which are

not covered by classification rules yet. (Danish EPA, 2013)

Classification and labelling of individual phthalates investigated in this work are shown
in the related sub-chapters of Chapter 1.3.7. For phthalates that are currently not
classified and labelled according to harmonised CLP, self-classifications by industries
are listed.

1.3.5.2 Registration

Substances manufactured or imported in quantities 21 ton/year must be registered
under REACH regulation by the manufacturer or importer. (Danish EPA, 2013) Details
on the registration regime and data requirements are provided at the dissemination
website of the ECHA®.

1.3.5.3 Authorisation

The authorisation under REACH ensures the control of risks of substances of very high
concern (SVHC), and the successive replacement by alternatives. The authorisation
procedure consists of two steps: first the selection of substances for authorisation

(decision on substance inclusion in candidate list and further in authorisation list

® Dissemination website of ECHA is available at: http://fecha.europa.eu/regulations/reach/substance-

registration/substances-to-be-registered
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(Annex XIV of REACH regulation)), and secondly the authorisation applications (by the
industry) and decisions (by the EC). (Schoning, 2010)

A substance is identified as a SVHC when the substances is classified as CMR
(carcinogenic, mutagenic and toxic for reproduction category 1A or 1B according CLP
regulation), as PBT (persistent, bioaccumulative and toxic for reproduction) or as a
vPVvB (very persistent and very bioaccumulative) substance according to REACH
regulation Annex Xlll, or as a substance of equivalent concern identified case-by-case
(e.g. endocrine disrupting chemicals). (EC, 2007; ECHA, 2013c) Substances which are
identified as SVHC are included in the so-called Candidate List by member states or
the European Chemicals Agency (ECHA). Included substances can be prioritised for
inclusion in the so-called Authorisation List (Annex XIV of REACH regulation) by the
EC. (EC, 2007; Schoning, 2010)

Candidate List

Currently (latest update at 20 June 2013), 144 substances are on the candidate list.

Table 4 shows listed phthalates:

Table 4. Phthalates listed on REACH Candidate List (state: 06/2013) (ECHA, 2013b)

Substance Inclusion date Reason for inclusion Decision number

(CAS No.)

Di-pentyl phthalate (DPP) 2013-06-20 Toxic for reproduction ED/69/2013

(131-18-0) (Article 57c)

n-pentyl-isopentyl pthalate 2012-12-19 Toxic for reproduction ED/169/2012

(776297-69-9) (Article 57c)

Di-isopentyl phthalate (605-50-5) 2012-12-19 Toxic for reproduction ED/169/2012
(Article 57c)

Bis(2-methoxyethyl) phthalate 2011-12-19 Toxic for reproduction ED/77/2011

(117-82-8) (Article 57c)

DiBP (84-69-5) 2010-01-13 Toxic for reproduction ED/68/2009
(Article 57c)

BBzP (85-68-7) 2008-10-28 Toxic for reproduction ED/67/2008
(Article 57c)

DEHP (117-81-7) 2008-10-28 Toxic for reproduction ED/67/2008
(Article 57c)

DnBP (84-74-2) 2008-10-28 Toxic for reproduction ED/67/2008

(Article 57c)

Authorisation list

Currently, 22 substances are listed on the REACH authorisation list (status October
2013). Of the substance group of the phthalates, BBzP, DEHP, DnBP, and DiBP are
listed (Table 5). (ECHA, 2013a)
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Table 5. Phthalates listed on REACH Authorisation List (state: 10/2013) (ECHA, 2013a)

Substance (CAS No.) Latest application date / Exempted uses
sunset date’
BBzP (85-68-7) 2013-08-21 / 2015-02-21 Use in immediate packaging of medical

products (Regulation (EC) No 726/2004,
Directive 2001/82/EC, and/or Directive
2001/83/EC

DEHP (117-81-7) 2013-08-21 / 2015-02-21 Use in immediate packaging of medical
products (Regulation (EC) No 726/2004,
Directive 2001/82/EC, and/or Directive
2001/83/EC

DnBP (84-74-2) 2013-08-21 / 2015-02-21 Use in immediate packaging of medical
products (Regulation (EC) No 726/2004,
Directive 2001/82/EC, and/or Directive
2001/83/EC

DiBP (84-69-5) 2013-08-21/ 2015-02-21

! date at which a substance cannot be used or be placed on the market any longer unless the company is granted
authorisation (ECHA, 2013c).

1.3.5.4 Restrictions

The REACH regulation provides the criteria for the CMR classification category 1 or 2
of substances in accordance with the Council Directive 67/548/EEC of 27 June 1967.
With Regulation (EU) No 143/2011, the EC amended Annex XIV of the REACH
regulation. Thus, DEHP, BBzP and DnBP fulfil the criteria for classification as toxic to
reproduction category 1B, are included in the candidate list according to Article 59, and
meet the criteria for inclusion in Annex XIV according to Article 57(c) of the REACH
regulation. The use of DEHP, BBzP and DnBP in immediate packaging of medicinal
products covered under Regulation (EC) No 726/2004, Directive 2001/82/EC and/or
Directive 2001/83/EC is exempted. (EC, 2011c)

Toys and childcare articles

According to the EC Regulation 552/2009 of 22 June 2009, the use of DEHP, DnBP
and BBzP as substances or in mixtures in toys and childcare articles’ is not allowed at
concentrations of more than 0.1% by weight of the plasticised material. It is prohibited
to place toys or childcare articles on the market if these phthalates are contained in
concentrations higher than 0.1%. The same regulations apply for the phthalates DiNP,
DiDP and DnOP, but only for toys and childcare products that may be placed in the
mouth by children. (EC, 2009c) The restrictions regarding the placement of phthalates

on the market and their use in toys and childcare articles, which are included in the

" Childcare articles are any products that are intended to facilitate sleep, hygiene, relaxation, feeding or
sucking of children (EC, 2009c).
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entries 51 and 52 of Annex XVII of the REACH regulation, were introduced by Directive
2005/84/EC of 14 December 2005 (ECHA, 2010b).

Cosmetic products

Through Directive 76/768/EEC (amended by Directive 2003/15/EC) the European
Parliament prohibits substances in cosmetic products that are classified as CMR
(carcinogenic, mutagenic or toxic for reproduction) of categories 1, 2 and 3. The use of
substances classified category 3 is allowed if they have been evaluated and approved
by the Scientific Committee on Cosmetic Products and Non-Food Products. In 2004,
the EC established Directive 2004/93/EC which amended Directive 76/768/EEC, and
added CMR substances of the categories 1 and 2 that were not yet listed in Annex Il
DnBP, DEHP, and bis(2-methoxyethyl) phthalate were added in Annex Il. (EC, 2004) In
2009, the EU re-casted the regulation on cosmetic products, including significant recent
and further amendments (Regulation (EC) No 1223/2009). In Annex Il, which contains
prohibited substances in cosmetic products, DnBP, DEHP, BBzP, and bis(2-
methoxyethyl) phthalate are listed, as well as n-pentyl-isopentyl phthalate, di-n-pentyl

phthalate, and di-isopentyl phthalate. (European Parliament, 2009)

Food contact materials

In the EU, the use of DEHP, DnBP, BBzP, DiNP, and DiBP in food contact materials for
fatty foods and for non-repeated use, as well as in food contact materials for infant
feeding is banned. However, as technical support agents, DEHP, BBzP, DiNP and
DiDP are allowed to be present in the final product up to 0.1%, and DnBP up to 0.05%.
(EC, 2011e) Table 6 summarises the EU legislation of phthalates in food contact

materials:

Table 6. EU legislation (Commission Regulation (EU) No 10/2011) of several phthalates in food
contact materials (EC, 2011e)

‘o ; SML

Phthalate (CAS No) Allowed use as plasticiser in (1) (mg/kg]
G (b) (c)

DEHP (117-81-7) X X 0.1% 15
BBzP (85-68-7) X X 0.1% 30
DnBP (84-74-2) X X 0.05% 0.3
DiNP (68515-48-0 and 28553-12-0) X X 0.1%
DiDP (68515-49-1 and 26761-40-0) X X 0.1%

(a) repeated use materials and articles

(b) materials and articles containing non-fatty foods

(c) single-use materials and articles containing non-fatty food except for infant and follow-on formulae
(1) Allowed concentration in final product as technical support agent

Abbreviation: SML, specific migration limit [mg phthalate/kg food].
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1.3.5.5 Endocrine regulations

Within the so-called Strategy for Endocrine Disruptors of the EU, a priority list was
established, but not regarded as final, containing priority substances for further
evaluation of their role as endocrine disruptors. The establishment of the priority list
occurred in two phases: the first phase was an independent review of evidence of
endocrine disrupting effects of chemicals and exposure, and the second was priority-
setting by consultation of stakeholders and Commission Scientific Committees of the
EU. The chemicals were classified in relation to the strength of evidence of endocrine
disruption into Category 1 (evidence of endocrine activity in at least one species),
Category 2 (some in vitro evidence of biological activity related to endocrine disruption)
and Category 3 (no evidence of endocrine disruption, or no data available). Currently,
66 chemicals are classified into Category 1, 60 of which humans are considered to be
exposed to, and 52 chemicals are classified into Category 2 (status: February 2014).
(EC, 2014)

The following phthalates are listed at the updated priority list:

Table 7. Phthalates and phthalate metabolites listed in the priority list of the Strategy for Endocrine
Disruptors (Petersen, Rasmussen and Gustavson, 2007)

Category

Substance (CAS No) Human Health Wildlife Ove_rall _
categorisation

DCHP (84-61-7) 1 3b 1
DnPeP (131-18-0) 1 3b 1
DnBP (84-74-2) 1 3 1
BBzP (85-68-7) 1 3 1
DEHP (117-81-7) 1 3 1
DiBP (84-69-5) 2 3b 2
Di-n-hexyl phthalate (DnHP) (84-75-3) 2 3b 2
Di-n-propyl phthalate (DprP) (131-16-8) 2 3b 2
DiNP (28553-12-0) 2 3 2
DiDP (26761-40-0 2 3 2
DnOP (117-84-0) 3b 3b 3b
Metabolites:
MnBP (131-70-4) 1 3b
MEHP (4376-20-9) 1 3b

1.3.6 Acceptable Levels of exposure

In Europe and the USA, agencies have set out several acceptable levels of exposure

(AL) for various phthalates. Generally, ALs are derived from different endpoints of
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selected studies under consideration of uncertainty factors. In this study, the Tolerable
Daily Intake (TDI), the Reference Dose (RfD) and the Reference Dose for Anti-
Androgenicity (RfD AA) were used. Therefore, explanations and values are only given
for these ALs.

Comparing the RfD set out by the U.S. EPA and the TDI set out by the EFSA, one
determines that values for the same phthalates are vary up to 10-fold. The reason for
these discrepancies is the use of different departure values based on different key
studies, endpoints and exposure scenarios, as well as different No Observed Adverse
Effect Levels (LOAEL)® and uncertainty factors. (Sgeborg, Frederiksen and Andersson,
2012)

1.3.6.1 Definitions

Tolerable Daily Intake (TDI)

The TDI is the estimated concentration of a substance which can be ingested daily
over a lifetime without significant risks to human health (EFSA, 2011). TDIs are set out

by the EFSA and are based on selected studies.

Reference Dose (RfD)

The RfD set out by the U.S. EPA is defined as “an estimate (with uncertainty spanning
perhaps an order of magnitude) of a daily exposure to the human population (including
sensitive subgroups) that is likely to be without an appreciable risk of deleterious
effects during a lifetime.” (U.S. EPA, 2012a) For the RfD derivation, a NOAEL, a
LOAEL or a benchmark dose can be used, whereby uncertainty factors are applied for
reflection of limited data (U.S. EPA, 2012a).

Reference Dose for Anti-Androgenicity (RfD AA)

Certain phthalates show anti-androgenic effects. RfD and TDI values do not identify
these effects as the most sensitive endpoints for phthalates. Therefore, they are not
able to be used as ALs for anti-androgenic effects. RfD AA values for several
phthalates have been established by Kortenkamp and Faust (2010) based on the

8 LOAEL (Lowest Observed Adverse Effect Level): lowest level of exposure at which significant increasing
in frequency or severity of adverse effects between an exposed population and its control group occur
(U.S. EPA, 2012a).
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specific effects on anti-androgenicity. (Kortenkamp and Faust, 2010; Sgeborg,

Frederiksen and Andersson, 2012)

1.3.6.2 Selected acceptable levels of exposure for several phthalates

DEP: For DEP, a TDI is currently not available. Based on decreased growth rates, food
consumption and altered organ weights in rats, the U.S. EPA set out a RfD of 800
pa/kg bw/d (U.S. EPA, 2007b).

DnBP: The NOAEL for the male reproductive system of DnBP is 50 mg/kg bw/d. In
rats, effects in male and female offspring were shown after feeding DBP to the
corresponding mothers in late pregnancy and during lactation; however no NOAEL
could be established. The EFSA TDI is set out at 10 pg/kg bw/d. (EC, 2013) The U.S.
EPA set out a RfD of 100 pg/kg bw/d based on a feeding study in rats (HHS, 2001).

DiBP: The developmental and reproductive effects of DIBP are similar to those of
DnBP and DEHP, but currently no NOAEL has been derived and no TDI set out.

Therefore, further investigations are needed. (EC, 2013)

DEHP: The EFSA TDI is set out at 50 pg/kg bw/d based on the NOAEL for
reproductive and developmental effects of 4.8 mg/kg bw/d (EC, 2013). The U.S. EPA
set out a RfD for DEHP of 20 pg/kg bw/d based on increased relative liver weights in
guinea pigs (U.S. EPA, 2007a).

BBzP: In rats, a NOAEL of 100 mg/kg bw/d for reproductive effects to organs was
shown, as well as a NOAEL of 20 mg/kg bw/d and of 50 mg/kg bw/d for developmental
effects in two studies, respectively. The EFSA set out a TDI of 500 ug/kg bw/d. (EC,
2013) The RfD for chronic oral exposure is set out by the U.S. EPA at 200 ug/kg bw/d
based on increased liver-to-body weight and liver-to-brain ratios in adult humans (U.S.
EPA, 2007b).

DnOP: For DnOP, there is no TDI available, because adverse effects on reproduction

and development are unlikely at current knowledge (EC, 2013).

DiNP: The NOAEL for effects on reproduction ranges between 500 and 622 mg/kg
bw/d. The NOAEL for changes in the liver, which are the main toxicological effects, is
15 mg/kg bw/d. The EFSA set out a TDI of 10 ug/kg bw/d. (EC, 2013)
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DiDP: Currently, no effects of DIDP on reproductive organs have been shown. For
effects on the liver, a NOAEL 15 mg/kg bw/d was derived from a study in dogs. A TDI
for DIDP is not available, but 150 pg/kg bw/d may be a good safety margin. (EC, 2013)

Table 8. Tolerable Daily Intake (TDI), Reference Dose (RfD), and Reference Dose for Anti-
Androgenicity (RfD AA) established by the EFSA and U.S. EPA respectively for several phthalates

Phthalate TDI (EFSA)"  RfD (U.S. EPA) RfD AA®
[na/kg bw/d] [ng/kg bw/d] [ug/kg bw/d]

DEP (diethyl phthalate) - 800 -
DnBP (di-n-butyl phthalate) 10 100 100
DiBP (di-isobutyl phthalate) - - 200
BBzP (butyl benzyl phthalate) 500 200 330
DEHP (di(2-ethylhexyl) phthalate) 50 20 30
DiNP (di-isononyl phthalate) 150 - 1500
DiDP (di-isodecyl phthalate) 150 - -

Abbreviations: EFSA, European Food Safety Authority; RfD, Reference Dose; RfD AA, Reference Dose for Anti-
Androgenicity; TDI, Tolerable Daily Intake; U.S. EPA, United States Environmental Protection Agency

! Sources: EC (2013), EFSA (2005a, 2005b, 2005¢, 2005d, 2005e)
% Sources: HHS (2001), U.S. EPA (2007a, 2007b)
3 Sources: Kortenkamp and Faust (2010), Sgeborg, Frederiksen and Andersson (2012)

1.3.7 Overview of investigated phthalates

1.3.7.1 Diethyl phthalate (DEP)
1.3.7.1.1 General information

Table 9 provides the general information for DEP:

Table 9. General information on DEP (ECHA, 2013a; WHO, 2003; Zhao et al., 2010)

EC Number 201-550-6

CAS Number 84-66-2

IUPAC Name diethyl benzene-1,2-dicarboxylate
Molecular formula C12H1404

Molecular weight 222.3 g/mol

Physico-chemical properties  Colourless, slight aromatic odorous liquid; soluble in alcohol, acetone,
ether, benzene, ketones, esters, aromatic hydrocarbons, aliphatic
solvents, and vegetable oils; water solubility: 1 g/l at 25°C

Chemical structure
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1.3.7.1.2 Classification and labelling

DEP is not classified and labelled according to harmonised CLP, but self-classified by
industry: 1026 notifiers have not classified it currently (2014-06-06), whereas 15
notifiers have classified it as acute toxic category 3 (H331: Toxic if inhaled). The
strictest natification is acute toxic category 1 by one notifier. (ECHA, 2014f)

1.3.7.1.3 Legislation

In the EU, DEP is allowed to be used in various products without limitations. However,
some countries in Europe (EU member states and non-EU member states) have
banned all phthalates, including DEP, from several consumer products such as toys

and childcare articles (Norway, Denmark and Sweden). (VKM, 2005)

1.3.7.1.4 Production and usage

DEP is produced by a reaction of phthalic anhydride with ethanol in the presence of
sulphuric acid (WHO, 2003). Per year, 1,000-10,000 tonnes are manufactured (ECHA,
2013g). DEP is used as a plasticiser in many consumer products such as plastic
packaging films, food packing materials, cosmetics, personal care products, medical
treatment tubings (WHO, 2003), coatings of e.g. pharmaceuticals, dyes and
insecticides (Hauser and Calafat, 2005). In detail, its use was identified in air care
products, perfumes, washing and cleaning products, coatings and paints, modelling
clay, polish and wax blends, biocide products (e.g. disinfectants), adhesives, sealants,
anti-freeze and de-icing products, metal surface treatment products and textile dyes, as
well as in finishing and impregnating products to name some examples (ECHA,
2013Q).

1.3.7.1.5 Toxicokinetics

Routes of exposure

Humans can be exposed to phthalates through oral, dermal or inhalation routes (Silva
et al., 2003).

Distribution, metabolism and elimination

After oral administration, DEP is absorbed and distributed throughout various tissues in
the body, whereby the highest accumulation occurs in the kidneys and the liver. DEP is

metabolised by partial hydrolysis catalysed by hydrolase to ethanol and its monoester
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monoethyl phthalate (MEP). The hydrolysis can occur in the lumen of the GIT and in
intestinal mucosal cells following oral administration, as well as in organs such as the
liver, kidneys and lung after systemic absorption. MEP is excreted rapidly via urine,
mostly in its free form. (ATSDR, 1995; Api, 2001)

Biomarker

The biomarker used for Human Biomonitoring of DEP is its primary metabolite mono-
ethyl phthalate (MEP) (Koch and Angerer, 2012).

1.3.7.1.6 Health effects

DEP is used in personal care products; therefore, potential dermal toxicity is of interest.
In humans, no dermal irritation has been identified, and DEP is not a dermal sensitizer.
However, some studies have reported dermal sensitisation, but mainly in persons with
skin diseases. (Calafat and McKee, 2006) Additionally, the toxicity of DEP is low.
Studies on sub-chronic toxicity and reproduction have not shown adverse effects, and
DEP as well as MEP are not considered to be genotoxic. Furthermore, available
studies do not provide sufficient evidence for associations to be determined between
DEP exposure to humans and health effects. (VKM, 2005)

1.3.7.2 Di-n-butyl phthalate (DnBP)
1.3.7.2.1 General Information

In Table 10, general information on DnBP are summarised:

Table 10. General information on DnBP (ECHA, 2008c; ECHA, 2013b)

EC Number 201-557-4

CAS Number 84-74-2

IUPAC Name 1,2-Benzenedicarboxylic acid dibutyl ester
Molecular formula C16H2204

Molecular weight 278.34 g/mol

Physico-chemical properties  Oily liquid; melting/freezing point at -69°C; boiling point at 340°C; water
solubility of 10 mg/l at 20°C.

Chemical structure "N oo /_/_
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1.3.7.2.2 Classification and labelling

DnBP is classified according to CLP classification as Repr. 1B; H360Df (toxic to
reproduction category 1B; May damage unborn child; Suspected of damaging fertility),
and Aquatic Acute 1; H400 (Very toxic to aquatic life). It is labelled by the signal word
“‘Danger” and by the pictograms “Environment” and “Health hazard”. (ECHA, 2013k)

1.3.7.2.3 Legislation

Amongst other phthalates, DnBP is listed in the REACH authorisation list (ECHA,
2013a). It is banned in immediate packaging of medical products (EC, 2011c), in toys
and childcare articles at concentrations >0.1% by weight (EC, 2009c), and in cosmetic
products (European Parliament, 2009). In food contact materials, DnBP is prohibited in
single-use materials and articles and in materials and articles containing fatty foods.
However, as a technical support agent it is allowed to be present in the final product at
a concentration of 0.05%. The SML of DnBP is set out at 0.3 mg/kg food. (EC, 2011e)

1.3.7.2.4 Production and usage

The production of DnBP occurs by the reaction of phthalic anhydride with n-butanol in
the presence of sulphuric acid. In the EU, about 26,000 tonnes of DnBP were
manufactured in 1998, whereby 8,000 tonnes were exported outside the EU. DnBP is
mainly used as a plasticiser in PVC products. Furthermore, it is used for adhesives,
printing inks, film coatings and glass fibres. Before its ban in the EU, it was widely used
in cosmetics. (ECB, 2003c)

1.3.7.2.5 Toxicokinetics

Routes of exposure

Routes of DnBP exposure through consumer products are oral and via inhalation.

Dermal exposure is negligible. (ECB, 2003c)

Metabolism and elimination

Amongst others, MnBP and 3cx-MPP are metabolites of DnBP (Koch et al., n.r.).
Figure 6 shows the metabolism of DnBP as postulated by Koch et al. (2012). The
primary metabolite is MnBP, which is further metabolised to the secondary metabolites
30H-MnBP, 40H-MnBP, and 3cx-MPP (abbreviated in Figure 6 as MCPP). In a
metabolism study of an individual male (aged 36 years, 87 kg bodyweight), two

separate doses of DnBP and DIiBP were administrated in respective concentrations of
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60 pg/kg bodyweight, and the corresponding metabolites were measured in urine
collected continuously until 48 hours after the administration. After 24 hours, 92.2% of
DnBP was excreted, whereas the simple monoester MnBP was the major metabolite
(84%). 8% of the excreted DnBP were the oxidized metabolites. The DnBP metabolites
had elimination halftimes between 2.6 hours (MnBP) and the maximum 6.9 of hours
(secondary oxidized metabolites). (Koch et al., 2012a)
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Figure 6. Postulated metabolism of DnBP in humans (Koch et al., 2012a)

Biomarkers

For DnBP, biomarkers for Human Biomonitoring are its hydrolytic metabolite mono-n-
butyl phthalate (MnBP) and its oxidative metabolite OH-mono-n-butyl phthalate (OH-
MnBP) (Koch and Angerer, 2012). However, most biomonitoring studies use only the

primary metabolite as a biomarker.

3-carboxy-mono-propyl phthalate (3cx-MPP) is also a metabolite of DnBP, but is not
usable as a biomarker for exposure, because it is a metabolite of several phthalates
(DnBP, DnOP, and DINP) (Koch and Angerer, 2012).

1.3.7.2.6 Health effects

DnBP is toxic to reproduction (category 1B according to CLP classification) and may
harm the unborn child. Additionally, it is suspected to impair fertility. (ECHA, 2013k)
Among workers (occupational exposure), concerns for systemic toxicity following
repeated dermal exposure, and for adverse local effects in the respiratory tract

following repeated inhalation exposure exist (ECB, 2003c).
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DnBP has shown a weak estrogenic activity in vitro (ECB, 2003c). Further, anti-
androgen activity has been shown (ECB, 2003c; Main et al., 2006). In some
epidemiologic studies, associations were indicated between DnBP and the occurrence
of eczema (Hsu et al., 2012), insulin resistance (Stahlhut et al., 2007) and BMI (Hatch
et al., 2008; Wolff et al., 2008).

Some studies have shown that DnBP may eventually have an influence on several
semen parameters (Duty et al., 2004) and sperm concentration (Liu et al., 2012).
Additionally, study results have indicated that there may be possible associations
between DnBP exposure and preterm birth (Meeker et al., 2009), but the results are
not clear regarding both the influence of DnBP on semen quality and preterm birth.

1.3.7.3 Di-isobutyl phthalate (DiBP)
1.3.7.3.1 General Information

Table 11 includes general information on DiBP:

Table 11. General information on DiBP (Danish EPA, 2011; ECHA, 2009c)

EC Number 201-553-2

CAS Number 84-69-5

IUPAC Name Bis(2-methylpropyl)benzene-1,2-dicarboxylate
Molecular formula Ci16H2204

Molecular weight 278.34 g/mol

Physico-chemical properties  Colourless, odourless viscous liquid; melting/freezing point at -37°C;
boiling point at 320°C; water solubility of 20 mg/l at 20°C.

Chemical structure > oo <

1.3.7.3.2 Classification and labelling

According to Article 57(c) of the REACH regulation (Regulation (EC) No 1907/2006),
DiBP is identified as a CMR substance. DiBP is categorized as Repr. 1B; H360Df (toxic
to reproduction category 1B; May damage the unborn child; Suspected of damaging
fertility) at a specific concentration limit of =225%, and as Repr. 2; H361f (toxic to
reproduction category 2; Suspected of damaging fertility) at a specific concentration
limit between 5% and <25% (ECHA, 2009c; ECHA, 2013d).
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1.3.7.3.3 Legislation

Similar to DnBP, DIBP is listed in the REACH authorisation list (ECHA, 2013a). In the
EU, its use is prohibited in immediate packaging of medical products (EC, 2011c), in
toys and childcare articles at concentrations above 0.1% by weight (EC, 2009c), as
well as in cosmetic products (European Parliament, 2009).

1.3.7.3.4 Production and usage

No specific information regarding DiBP content in articles is available. However, ECHA
has calculated the amount of DiBP manufactured and used on the EU, which is
specified at a range of 10,000-50,000 tonnes/year. DiBP is used for PVC floorings and
wall coverings, and is also found in bags, suitcases, table cloths, curtains, footwear and
lacquers for wooden furniture and flooring. (Danish EPA, 2011) Generally, DIBP is
used for the same purposes as DnBP, but less commonly (Benson, 2009).

1.3.7.3.5 Toxicokinetics

Routes of exposure

Routes of DiBP exposure are similar to the exposure routes of DnBP, which are oral,
dermal or through inhalation (ECB, 2003c).

Metabolism and elimination

DiBP is metabolised to its primary metabolite MiBP, and further to its secondary
metabolites 30H-MiBP and 20H-MiBP (cf. Figure 7). According to a human
metabolism study by Koch et al. (2012), DiBP is eliminated primarily through urine
(90.3% after 24 h), whereby the major metabolite is MiBP (71%). Elimination halftimes
of DIBP metabolites are between 3.9 h (MiBP) and 4.2 h (secondary oxidized
metabolites). The primary metabolite MiBP has its maximum urinary concentration at
8.585 ug/g creatinine after 2.83 h. (Koch et al., 2012a)

Biomarkers

Primarily MnBP (mono-n-butyl phthalate), but also OH-MnBP (OH-mono-n-butyl

phthalate) are used as biomarkers in Human Biomonitoring (Koch and Angerer, 2012).
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Figure 7. Postulated metabolism of DiBP in humans (Koch et al., 2012a)

1.3.7.3.6 Health effects

DIiBP is toxic to reproduction (category 1B according to CLP), suspected to damage
fertility and may harm the unborn child (ECHA, 2009c, 2013d).

Studies in animals reported adverse effects on the developing male reproductive
system caused by DiBP similar to those caused by DnBP. It was shown that DiBP may
lead to reduction of testosterone production in male rodent offspring, reduction in
testicular histopathology, reduction in immunohistochemical staining for steriogenic
acute regulated proteins in Leydig cells, reduction in anogenital distance in male
offspring and increase in anogential distance in female offspring. (Benson, 2009) In
general, health effects of DIBP are similar to effects of DnBP (cf. 1.3.7.2.6).

1.3.7.4 Di-n-pentyl phthalate (DnPeP)

1.3.7.4.1 General information

Table 12. General information on DnPeP (ECHA, 2013i; NCBI, 2013)

EC Number 205-017-9

CAS Number 131-18-0

IUPAC Name dipentyl phthalate, 1,2-Benzendicarboxylic acid, 1,2-dipentyl ester
Molecular formula Ci18H2604

Molecular weight 306.4 g/mol

Synonyms and diamyl phthalate, amyl phthalate, Amoil, dipentyl ester, di-n-pentyl
abbreviations phthalate, diamyl phthalate DNPP, DPP, DnPeP

Physico-chemical properties  Colourless oily liquid; melting/freezing point at -55°C; boiling point at
342°C; water solubility of 0.8 mg/l at 25°C.

Chemical structure \_\_\ /_/_/
Q0
080
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1.3.7.4.2 Classification and labelling

DnPeP is a SVHC because of its CMR properties, and is classified according to CLP
Regulation (Annex VI, part 3 Index Number: 607-426-00-1) as Repr. 1B; H360FD (toxic
to reproduction category 1B; May damage fertility; May damage the unborn child), and
Aquatic Acute 1; H400 (Very toxic to aquatic life), and is labelled by the pictograms
“Environment” (GHS09) and “Health hazard” (GHS08), and by the signal word
“‘Danger”. (ECHA, 2013i, 2013))

1.3.7.4.3 Legislation

DnPeP is banned in cosmetic products (Regulation (EC) No 1233/2009), and in toys or
components of toys above a specific migration limit of 0.5% until May 2015 (Directive
1999/45/EC), and above a specific migration limit of 0.3% from June 2015 onward
(Regulation (EC) No 1272/2008). (ECHA, n.r.)

1.3.7.4.4 Production and usage

In Europe, DnPeP is produced at low volumes (10-1000 tonnes/year), and its use is
limited. Primarily, it is used as plasticiser in PVC (HSDB, 2009a), and in nitrocellulose
(Silva et al., 2011).

1.3.7.4.5 Toxicokinetics

Routes of exposure

Humans can be exposed to DnPeP through dermal contact with consumer products.
Occupationally, workers can be exposed via inhalation of aerosols and dermal contact.
(ECHA, n.r)

Metabolism and elimination

In a study of 9 adult female Sprague-Dawley rats, Silva et al. (2011) administrated a
single oral DnPeP dose (500 mg/kg bw) and investigated DnPeP metabolites
eliminated in urine 24h and 48h after administration. Similar to findings in other
phthalate metabolisms, DnPeP forms metabolites after hydrolytic, w-, w-1 and B-
oxidation, and dehydrogenation. Several urinary metabolites were identified as
potential biomarkers for humans exposure (ug/ml 24h after administration): mono(4-
hydroxylpropyl) phthalate (993), mono(4-carboxybutyl) phthalate (168), mono(3-
carboxyethyl) phthalate (0.2), mono-n-pentyl phthalate (222), mono(4-oxopentyl)
phthalate (47), mono-n-pentyl phthalate (16), phthalic acid (26), and mono(3-
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carboxypropyl)phthalate (9), whereby mono(4-hydroxylpropyl) phthalate was the major
metabolite in urine. The primary metabolite was mono-n-pentyl phthalate (MnPeP).
Most of DnPeP administered was excreted within 24h. (Silva et al.,, 2011) The
schematic DnPeP metabolism is shown in Figure 8.
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Figure 8. Metabolism of DnPeP in rats (Silva et al., 2011)

Biomarker

The hydrolytic monoester (primary metabolite) MnPeP is used as a biomarker for
DnPeP exposure (Koch and Angerer, 2012).

1.3.7.4.6 Health effects

Amongst other phthalates (such as DEHP, DnBP, DiBP, BBzP and DINP), DnPeP has
been shown in rodent studies to be toxic to development and reproduction (Koch and
Angerer, 2012). Studies in animals have indicated that DnPeP has greater potential to
induce testicular toxicity than several other phthalates. DnPeP showed morphological
changes in the testes, inhibition of testicular steroidogenic enzymes, and reduction of
testicular T production in utero. Additionally, DnPeP is 2-fold more potent to reduce
AGD and 4.5-fold more potent to induce male nipple retention than DEHP. (Hannas et
al., 2011) Testicular atrophy and fertility impairing effects of DnPeP were shown in
doses relevant for classification. Additionally, in rats, direct effects on cytochrome
P450-dependent steroid production were shown and may be the reason for the toxic
effects of DnPeP on testicular function and structure. (ECHA, 2013i)
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1.3.7.5 Di-cyclohexyl phthalate (DCHP)
1.3.7.5.1 General Information

Table 13 includes the general information on DCHP:

Table 13. General information on DCHP (HSDB, 2009b; ECHA, 2013d; Zhao et al., 2010)

EC Number 201-545-9

CAS Number 84-61-7

IUPAC Name 1,2-Benzenedicarboxylic acid, dicyclohexyl ester
Molecular formula C20H2604

Molecular weight 330.42 g/mol

Physico-chemical properties ~ White solid, mildly aromatic odorous substance; melting point at 66°C;
boiling point at 224°C; soluble in most organic solvents; water solubility of
4 mg/l at 24°C.

o

Chemical structure

1.3.7.5.2 Classification and labelling

There is currently no harmonised classification for DCHP. However, the industry’s self-
classification of this phthalate is currently (2014-06-06) “Toxic to Reproduction category
2” with the related hazard statement code H361 (“Suspected of damaging fertility or the
unborn child”) and “Aquatic Chronic category 3” with the related code H412 (“Harmful
to aquatic life with long lasting effects”), as well as labelled with the pictogram GHS08
(“Health hazard”) and the signal word “Warning” (32 notifiers). Additionally, one notifier
classified DCHP as STOT SE 3 (H335, “May cause respiratory irritation”) and Toxic to
Reproduction category 1B (H360, “May damage fertility or the unborn child, which is
the strictest classification for DEHP. (ECHA, 2014e)

1.3.7.5.3 Legislation

Currently, no EU legislation for DCHP exists. Because of its endocrine disrupting
effects, DCHP is listed in the Danish list of potential endocrine disruptors (Danish EPA,
2013).

1.3.7.5.4 Production and usage

DCHP is used as a plasticiser for nitrocellulose, ethylcellulose, vinyl acetate and vinyl
chloride resins (METI, 2003), and in PVC products, paints, inks and food packaging

material (Hass et al., 2012).
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1.3.7.5.5 Toxicokinetics

Routes of exposure

Workers can be exposed to DCHP through inhalation of aerosols and dermal contact.
The general population may be exposed through inhalation of ambient air or dermal
contact with DCHP-containing consumer products. (HSDB, 2009b)

Metabolism and elimination

Like other phthalates, after absorption, DCHP is rapidly metabolised to the hydrolytic
monoester mono-cyclohexyl phthalate (MCHP) following absorption, whereby the
hydrolysis rate is greater for low molecular weight phthalates such as DCHP. The
elimination occurs also in a rapid fashion. (HSDB, 2009b)

Biomarker

The biomarker for Human Biomonitoring of DCHP exposure is its primary hydrolytic
monoester mono-cyclohexyl phthalate (MCHP) (Koch and Angerer, 2012).

1.3.7.5.6 Health effects

For DCHP, no relevant studies in humans are currently available. Studies in vitro have
shown that DCHP has estrogenic effects. (METI, 2003; Hass et al., 2012) Additionally,
DCHP is an anti-androgen and causes impaired masculinisation of male rat offspring
after perinatal exposure, reduced AGD in males, increased prevalence of nipple
retention and delayed puberty in males. In adult rodents, decreased weights of
reproductive organs, and altered testis histology and sperm quality were identified. Also

in rats, it was shown that DCHP can increase thyroid weights. (Hass et al., 2012)
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1.3.7.6 Butyl benzyl phthalate (BBzP)

1.3.7.6.1 General Information

Table 14. General information on BBzP (ECB, 2007; ECHA, 2013f)

EC Number 201-622-7

CAS Number 85-68-7

IUPAC Name benzyl butyl phthalate

Molecular formula C19H2004

Molecular weight 312.35 g/mol

Synonyms and BBP, 1-O-butyl 2-O-(phenylmethyl) benzene-1,2-dicarboxylate, benzyl

abbreviations butyl phthalate, 1,2-benzenedicarboxylic acid, butyl phenylmethyl ester,
benzyl-n-butyl phthalate, phthalic acid, Santicizer 160, Sicol 160, Unimoll
BB

Physico-chemical properties  Clear oily liquid, characteristic odour and bitter taste; boiling point at
370°C; melting point below -35°C; water solubility of 2.8 mg/l at 20-25°C.
L)

Chemical structure
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1.3.7.6.2 Classification and labelling

According to Annex VI of Regulation (EC) No 1272/2008 (CLP Regulation), BBzP is
classified as Repr. 1B; H360Df (toxic to reproduction category 1B; May damage the
unborn child; Suspected of damaging fertility), Aquatic Acute 1; H400 (very toxic to
aguatic life), and Aquatic Chronic 1; H410 (very toxic to aquatic life with long lasting
effects), and is labelled with the pictograms GHS09 Environment and GHS08 Health
hazard (signal word: Danger) (ECHA, 2013f).

1.3.7.6.3 Legislation

According to Annex | of Directive 76/769/EEC and Annex XVII of the REACH
Regulation, BBzP is classified as a substance toxic to reproduction and is not allowed
to be placed on the market in concentrations greater than 0.1% by mass in plasticised
materials, toys and childcare articles (EC, 2008; ECHA, 2009b), and is banned in
cosmetics (European Parliament, 2009). BBzP is listed in the REACH authorisation list
(ECHA, 2013a). In food contact materials, BBzP is banned in single-use materials
containing fatty foods, and in contact materials for infant formulae and follow-on
formulae. Allowed concentration as technical support agent is 0.1% in final products. A

SML is set out for food contact materials at 30 mg/kg food. (EC, 2011e)
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1.3.7.6.4 Production and usage

In 2007, BBzP was produced in volumes of 20,000 tonnes in the EU. Within recent
years, the production has therefore decreased from the previous value of 45,000
tonnes/year in 1994-1997. The export of BBzP amounts to 12,000 tonnes/year, which
leads to a BBzP use in the EU of approximately 8,000 tonnes/year. 70% BBzP is used
as a plasticiser in polymer products, whereas the main use is for PVC floorings. Other
uses for polymers include leather and textile coating (e.g. for upholstery, shoe uppers,
wallets, bags, luggage), film calendaring (e.g. for packaging film, wall covering),
medical products packaging and active substances. Additionally, it is used in printing
inks, adhesives and paints.

As claimed above, the production volumes of BBzP have decreased during recent
years. This reflects that BBzP is being replaced by alternatives for many applications.
The main probable alternatives for BBzP are Dipropylene glycol dibenzoate (DGD; for
flooring, spread coated fabric, adhesives, and sealants), Alkylsulphonic phenyl ester
(ASE; for calendared film, spread coated fabric, adhesives, paints, lacquers, and
sealants), Di-isononyl phthalate (DINP; for all polymer and non-polymer applications),
Di(2-ethylhexyl) terephthalate (DEHT; for flooring, calendared film, and spread coated
fabric), and Di-isononyl-cyclohexan-1,2-dicarboxylate (DINCH; for calipered film,
spread coated fabric, adhesives, paints, and lacquers). (ECHA, 2009b)

1.3.7.6.5 Toxicokinetics

Routes of exposure

BBzP exposure can occur through orally route via food, baby equipment, or toys, and
through inhalation via indoor air (ECB, 2007).

Metabolism and elimination

After absorption, BBzP is metabolised in the gut wall and/or liver to its primary

metabolites mono-n-benzyl phthalate (MBzP) and mono-n-butyl phthalate (MnBP).

A study in female Wistar rats has shown that 29-34% of the recovered metabolites are
MnBP, and 7-12% MBzP. 51-56% is represented by the secondary major metabolite
hippuric acid, which is the main metabolite of benzoic acid. Overall, the following BBzP
metabolites were identified: MBzP, MnBP, MnBP w-oxidized, benzoic acid, hippuric
acid and phthalic acid. (Nativelle et al., 1999) In humans, BBzP is metabolised mainly

to MBzP, which is contrary to the metabolism in rats. Therefore, the MBzP excretion in
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the urine reflects human exposure to BBzP. BBzP has a calculated halftime of <24h.
After inhalation and oral exposure, 100% of BBzP is absorbed, whereas 5% of BBzP is
absorbed after dermal exposure. (ECB, 2007)

MnBP MBzP C,Hc0

| N

MnBP w-oxidized benzoic acid phythalic acid

C4Hs0- phytalic acid \

hippuric acid

Figure 9. Metabolism routes of BBzP (modified according Nativelle et al., 1999)

Biomarker

For Human-Biomonitoring, the biomarker for BBzP exposure is its primary hydrolytic
monoester mono-benzyl phthalate (MBzP) (Koch and Angerer, 2012).

1.3.7.6.6 Health effects

BBzP has a low acute toxicity (ECB, 2007). Repeated-dose toxicity studies in rats have
shown decreased bodyweight gain, alteration in haematological parameters, and
damages to testes, prostate, liver, kidney, spleen and pancreas, decreased sperm
concentrations, and reduced fertility, as well as reduced AGD. (ECB, 2007) BBzP alters
sexual differentiation in male rats (Gray Jr. et al., 2000). Studies in humans have also
found associations between BBzP and sperm quality (Duty et al., 2004), and anogenital
index (=AGD/weight) in male newborns and infants (Swan et al., 2005). Additionally, a
study in humans has shown possible positive associations with preterm birth (Meeker

et al., 2009), however, study results are generally not conclusive in this regard.

Relating to possible carcinogenic effects of BBzP, results of various studies differ, but
there are some concerns: the ECB has claimed in their risk assessment report that
BBzP is a “borderline case” between classification as carcinogenic category 3 and no
classification. Nevertheless, there currently is no classification within the EU because
of a lack of genotoxic effects of BBzP. (ECB, 2007)
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Epidemiologic studies have indicated that BBzP is associated with rhinitis and eczema
in children (Bornehag et al., 2004; Hsu et al., 2012). Positive associations were also
found for a biomarker of oxidative stress (Ferguson, Loch-Caruso and Meeker, 2012),
insulin resistance (Stahlhut et al., 2007), and BMI and WC (Hatch et al., 2008; Wolff et
al., 2008).

In vivo and in vitro studies have investigated the endocrine disrupting effects of BBzP
and its major metabolites MBzP and MnBP. In in vitro studies, weak estrogenic activity
was found at high BBzP concentrations. The metabolites did not exhibit any estrogenic
activity. Weak estrogenic activity was also found in in vivo studies. (ECHA, 2008a) Anti-
androgen activity of BBzP was shown in one in vitro study, and in vivo studies in rats
indicated anti-androgen-like activity of BBzP and its major metabolites. (Gray Jr. et al.,
2000; ECHA, 2008a)

1.3.7.7 Di-(2-ethylhexyl) phthalate (DEHP)

1.3.7.7.1 General Information

Table 15. General information on DEHP (ECB, 2008; ECHA, 2009a)

EC Number 204-211-0

CAS Number 117-81-7

IUPAC Name Bis(2-ethylhexyl) phthalate

Molecular formula C24H3804

Molecular weight 390.6 g/mol

Synonyms and 1,2-Benzenedicarboxylic acid, bis(2-ethylhexyl) ester, Bis(2-ethylhexyl)
abbreviations 1,2-benzenedicarboxylate, Bis(2-ethylhexyl) o-phthalate, Dioctyl

phthalate, DOP (pseudo-synonym), phthalic acid dioctyl ester

Physico-chemical properties  Colourless oily liquid; melting point between -50 and -55°C; boiling point
at 385°C; water solubility widely ranging in literature from 0.003 to 1.3
mg/l at 20-25°C.
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1.3.7.7.2 Classification and labelling

According to Article 57(c) of REACH, DEHP has been identified as a Substance of
Very High Concern (SVHC). It is toxic to reproduction (Category 2), and thus included
in the candidate list for authorisation. (ECHA, 2008b, 2009a) According to CLP, DEHP
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is classified as Repr. 1B; H360FD (toxic for reproduction category 1B; may damage
fertility, may damage the unborn child), and labelled with the pictogram for “Health
hazard” (GHS08) and the signal word “Danger” (ECHA, 2014b).

1.3.7.7.3 Legislation

DEHP is one of four phthalates listed in the REACH authorisation list (ECHA, 2013a).
In immediate packaging of medical products, DEHP is banned in the EU (EC, 2011c),
as well as in childcare articles and toys at concentrations of >0.01% by weight (EC,
2009c), and in cosmetic products (European Parliament, 2009). DEHP is prohibited in
food contact materials designed for single-use and containing fatty foods, and a SML
has been set out at 1.5 mg/kg food. However, as a technical support agent, DEHP is
allowed to be present in the final product at a concentration of 0.1%. (EC, 2011e)

1.3.7.7.4 Production and usage

DEHP is a plasticiser mainly used in PVC materials. Its use (industrial and end-use) is
divided into PVC, non-PVC polymers and non-polymers, as the three main product
groups. 97% of DEHP is used in polymers, mainly PVC (ECB, 2008). Because of the
addition of plasticisers, PVC becomes more flexible (EAG, 2007d). The variety of
DEHP content in such flexible polymer products is around 30% in most cases (ECB,
2008). In the EU, ca. 341,000 tonnes of DEHP were produced in 2007, and of this,
187,000 tonnes were produced in Western Europe. Over the last decade the volume of
DEHP manufactured has decreased. (COWI A/S, 2009) Examples of PVC containing
DEHP as plasticizer for common use include flooring, roofing, toys, synthetic leather,
wall coverings, shower curtains, child-care articles, shoes, sport and leisure articles,
coatings, medical products (i.e. blood bags, dialysis equipment), cables, car under-
coatings, profiles and roofs, etc. (EAG, 2007d; ECB, 2008). Information is scarce
concerning the usage of DEHP in non-PVC polymer and non-polymer. Examples of
non-polymer products which containing DEHP include adhesives, fillers, printing inks,

ceramics, lacquers and paints. (ECB, 2008)

The main alternative substance for DEHP is DIiNP. For some applications, non-
phthalates alternatives are also used, especially for toys, food packaging materials or
medical products. (COWI A/S, 2009; ECHA, 2009a) Currently, the use of DINP as an
alternative substance is the most inexpensive choice, although it is about 10% more
expensive than DEHP. (COWI A/S, 2009)
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1.3.7.7.5 Toxicokinetics

Routes of exposure

Humans can be exposed to DEHP through oral, dermal, and inhalation routes.
Occupational exposure can occur during the production and industrial use of DEHP.
Exposure to consumers can occur via end-use of DEHP-containing products, food
contact materials and foods, as well as during treatment with medical equipment.
Additionally, because of migration of DEHP into air and house dust, this route of
exposure is also important, especially for children. (ECB, 2008)

Metabolism and elimination

Orally ingested DEHP becomes primary absorbed and metabolised in the
gastrointestinal tract (GIT) and hydrolysed to its primary metabolite MEHP as well as 2-
etyhlhexanol (2-EH) by ester hydrolases. The main metabolism to MEHP occurs in the
GIT, but high levels of hydrolytic activity of DEHP can also be found in the pancreatic
juice, in intestinal contents or tissues, and in liver tissues. Furthermore, the metabolism

of MEHP follows one of three pathways:

o Hydrolysis to phthalic acid and 2-ethylhexonal
e Conjugation to form glucuronide ester and excretion, or

¢ Hydroxylation on the ethylhexyl chain by cytochrome P450 enzymes.

The main pathway is the hydroxylation of MEHP at the w- or w-1-position on the
ethylhexyl chain and which results in the generation of several metabolites. (OEHHA,
2006) Figure 10 shows the extensive DEHP metabolism.

Koch, Preuss and Angerer (2006) have demonstrated a DEHP dose excretion via urine
after 24 h of 67.0%, as five major metabolites: 50H-MEHP (with 23.3%), 5cx-MEPP
(18.5%), 50xo-MEHP (15.0%), MEHP (5.9%) and 2cx-MMHP (4.2%). The excretion
rate in the metabolism was not dependent on the dose. On the 2" day, 3.8% of the
DEHP dose was excreted via urine, comprising 2cx-MMHP (1.6%), 5cx-MEPP (1.2%),
50H-MEHP (0.6%) and 50xo-MEHP (0.4%). To sum up, the majority of orally ingested
DEHP becomes absorbed, metabolised and excreted via urine. In comparison, the
simple monoester MEHP has a shorter half-time of elimination and an earlier maximum
of urinary excretion than the oxidative DEHP metabolites 50H-MEHP, 50xo-MEHP,
5¢cx-MEHP and 2cx-MMHP. (Koch, Preuss and Angerer, 2006)
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Abbreviations: DEHP, Di-(2-ethylhexyl) phthalate; MEHP, mono-(2-ethylhexyl) phthalate; 2cx-MMHP, mono-[2-
(carboxymethyl)hexyl] phthalate; 5cx-MEPP, mono-(2-ethyl-5-carboxypentyl) phthalate; 50H-MEHP, mono-(2-ethyl-5-
hydroxyhexyl) phthalate; 5oxo-MEHP, mono-(2-ethyl-5-oxohexyl) phthalate.

Figure 10. Metabolism of DEHP (modified according to Koch, Preuss and Angerer, 2006)

Biomarkers

Appropriate biomarkers for DEHP exposure assessment are the hydrolytic monoester
MEHP, and the oxidative secondary metabolites 50H-MEHP, 50xo-MEHP and 5cx-
MEPP (Koch and Angerer, 2012).

1.3.7.7.6 Health Effects

Many animal studies have been performed investigating DEHP effects. Studies in
humans are limited, but in contrast to other phthalates, DEHP effects are more

frequently investigated.

DEHP has a low acute toxicity, and can lead to slight eye and skin irritations. It has
been shown in animal studies to induce peroxisome proliferation in the liver. Clear
evidence was found for hepatocarcinogenicity in rodents and increased incidence of
Leydig cell tumors in male rats. However, there is evidence that humans are less
sensitive to the hepatotoxic effects of peroxisome proliferators. Thus, DEHP is not

classified as a carcinogenic substance. (ECB, 2008)

Animal studies have shown the testes, liver and kidneys to be critical organs for DEHP.
DEHP affects fertility and reproduction, and produces developmental effects in

offspring. In rodents, decreased testes weight, pathological findings (sloughed
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epithelial cells/residual cells, and aspermia/oligospermia in male rats), and atrophy of
seminiferous tubules in the testes were identified. There is also some evidence that the
primary DEHP metabolite MEHP affects the testes and reproductive functions both in
vivo and in vitro. DEHP and MEHP showed direct effects on Leydig cells and Sertoli
cells. DEHP may decrease levels of zinc and testosterone in the testes. Indications
exist that oral DEHP exposure may lead to hypo-estrogenic anovulatory and polycystic
ovaries in female rats, alter the estrogenous cycle and cause changes in testosterone
and estradiol. (ECB, 2008) DEHP inhibits testosterone production in testes of fetuses
and leads to demasculinisation, reduced AGD and malformations in male rats (Gray Jr.
et al., 2000).

DEHP has anti-androgenic properties, and is an endocrine disrupting chemical. It
shows interferences with endocrine function and influences sexual differentiation.
(ECB, 2008)

Some epidemiological studies have shown significant associations between DEHP and
the occurrence of asthma (Bornehag et al., 2004) and wheezing (Kolarik et al., 2008).
Possible relationships between DEHP and thyroid hormones have been postulated
(Meeker and Ferguson, 2011). In women with self-reported diabetes, associations were
found with secondary DEHP metabolites (Svennson et al., 2011). Associations were
also found for preterm birth (Latini et al., 2003), but more investigations are necessary.
Relationships were found between DEHP and abdominal obesity (Stahlhut et al.,
2007), BMI and WC (Hatch et al., 2008; Wolff et al., 2008). MEHP has also been
shown to increase the incidence of obesity in a sex-dependent manner (Hao et al.,
2012), and is able to decrease glyceroneogenesis and fatty acid re-esterification in

human adipocytes (Ellero-Simatos et al., 2011).
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1.3.7.8 Di-n-octyl phthalate (DnOP)

1.3.7.8.1 General information

Table 16. General information on DnOP (CERHR, 2003; Taylor and Bittner, 1997; U.S. EPA, 2006;
Zhao et al., 2010)

EC Number 204-214-7

CAS Number 117-84-0

IUPAC Name dioctyl benzene-1,2-dicarboxylate
Molecular formula C24H3804

Molecular weight 390.54 g/mol

Synonyms and 1,2-benzenedicarboxylic acid, dioctyl ester

abbreviations
Physico-chemical properties  Colourless, odourless oily liquid which is not able to evaporate easily;

melting point at -25°C; boiling point at 390°C; water solubility of 0.05 pg/l
(essentially insoluble).

00000
1

Chemical structure

1.3.7.8.2 Classification and labelling

According to CLP regulation, no harmonised classification and labelling currently exists
for DnOP, but several self-classifications by the industry have been made. According to
23 notifiers, DnOP is classified as Aquatic Chronic category 4 (H413, “May cause long
lasting harmful effects to aquatic life”). The strictest classification by two notifiers is
Skin Sens. Category 1 (H317, “May cause an allergic skin reaction”), Respiratory Sens.
Category 1 (H334, “May cause allergy or asthma symptoms or breathing difficulties if
inhaled”) and Toxic to Reproduction category 2 (H361, “Suspected of damaging fertility
or the unborn child”), as well as the labelling with the pictogram GHS08 (“Health
hazard”) and the signal word “Danger” (state: 2014-06-06). (ECHA, 2014a)

1.3.7.8.3 Legislation

In the EU, DnOP is banned at concentrations above 0.01% by weight in toys and

childcare articles that may be placed into the mouth (EC, 2009c).

1.3.7.8.4 Production and usage

DnOP is produced by phthalic anhydride and n-octanol in the presence of an acid
catalyst. In C6-C10 phthalate mixtures it can be present up to 20% and is therefore a

significant component. (Taylor and Bittner, 1997; CERHR, 2003) It is used as a
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plasticiser in consumer products such as packaging film, medical tubing, blood storage
bags, coatings, floorings, wire, cables and adhesives, cosmetics, as well as in
pesticides, and can represent 5-60% of the total weight of a product. Other uses
include its implementation as a dye carrier in PVC production, for cellulose ester and
polystyrene resins, and as an intermediate for the production of adhesives, plastisols,
and lacquer coatings. (Taylor and Bittner, 1997) DnOP may enter the environment
through waste waters from industry, air emissions and solid waste from production and
processing (Silva et al., 2005). For the EU, available information on its use is limited
(ECHA, 2010a).

1.3.7.8.5 Toxicokinetics

Routes of exposure

Consumers are exposed to DnOP through oral and dermal routes, whereby the most
likely source is food. Workers may be exposed via dermal contact and inhalation.
(CERHR, 2003)

Metabolism and elimination

Following oral administration in rats, DnOP is metabolised to its primary metabolite
MnOP, which is metabolised to the secondary oxidative metabolites 3cx-MPP, MCHpP
(mono-7-carboxy-n-heptyl phthalate), 7-MOOP (mono-7-oxo-n-octyl phthalate), 7-
MHOP (mono-7-hydroxy-n-octyl phthalate), MCMP (mono-carboxymethyl phthalate)
and MCPeP (mono-5-carboxy-n-pentyl phthalate). It has been shown that urinary
excretion concentrations of oxidative metabolites were much higher than the excretion
of the monoester MNnOP. Therefore, the assumption exists that the analysis of solely
MnOP concentrations in urine may lead to underestimation. (Silva et al., 2005) It must
be noted, however, that there may be differences between metabolism in rodents and

in humans.

Biomarkers

The hydrolytic metabolite mono-n-ocytl phthalate (MNnOP) is used as a biomarker for
exposure assessment. Additionally, 3cx-MPP and 3cx-MiBP could be used (Koch and

Angerer et al., 2012), but 3cx-MPP is also a secondary metabolite of DnBP and DiNP.

1.3.7.8.6 Health effects

DnOP is a structural isomer to DEHP, but it has different toxic effects and dose-

response relationships. DnOP has low potential for reproductive toxicity in rodents.
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Findings in animal studies suggest that DnOP does not lead to adverse effects in
humans at environmental exposure levels. In in vitro assays, no estrogenic activity has
been found. In rats, DnOP affects Leydig cells; however, indications that DnOP may
cause endocrine disrupting effects are limited. (Silva et al., 2005; ECHA 2010a)

1.3.7.9 Di-isononyl phthalate (DiNP)

“DiNP” envelops three different DiNPs. They are manufactured in different ways: the
first DINP (CAS Number 68515-48-0) is produced by the so-called “Polygas” process,
the second DINP (CAS Number 28553-12-0) is produced n-butene based, and the third
DiNP (same CAS number as the second DiNP) is produced n- and iso-butene based.
Therefore, the DiNPs differ in their chemical structure and can have different physico-
chemical properties and toxicity. Because of the following reasons, it is not possible to
deal with these 3 DiNPs separately: the production of the third DINP was stopped in
1995, the second and third DINP have the same CAS Number, therefore it is not
possible to differ between them in the results of several physico-chemical and

toxicological tests, and “pure” DiNP is a complex mixture. (ECB, 2003a)

1.3.7.9.1 General information

In Table 17 general information on DINP is summarised:

Table 17. General information on DiNP (ECB, 2000b; ECB, 2003a)

EC Number 271-090-9 and 249-079-5

CAS Number 68515-48-0 and 28553-12-0

IUPAC Name 1,2-Benzenedicarbocylic acid, di-C8-10-branched alkyl esters, C9-rich; Di-
isononyl phthalate

Molecular formula C26H4204

Molecular weight 420.6 g/mol (average)

Physico-chemical properties  Oily viscous liquid; flash point at 236°C; water solubility of 0.6 pg/l at
20°C.

Chemical structures CAS: 68515480

o
e

X
~F W/O\//\/\/ S~

CAS No: 28553-12-0




51

1.3.7.9.2 Classification and labelling

For DINP, no harmonised classification currently exists. 796 notifiers did not classify
DiNP by self-classification by the industry, whereat 23 notifiers classified this phthalate
as Aquatic Acute category 1 (H400, “Very toxic to aquatic life”) and Aquatic Chronic
category 1 (H410, “Very toxic to aquatic life with long lasting effects”) and labelled it
with the pictogram GHSO09 (“Environment”) and the signal word “Warning”, which is
additionally the strictest classification and labelling amongst all others available (state:
2014-06-06). (ECHA, 2014d)

1.3.7.9.3 Legislation

In the EU, DINP is banned at concentrations of >0.01% by weight in toys and childcare
articles that may be placed into the mouth (EC, 2009c). DiNP is banned in food contact
materials for single-use and materials containing fatty foods, as well as in infant and
follow-on formulae, but it is allowed to be present in final products as a technical
support agent at a concentration of 0.1% (EC, 2011e).

1.3.7.9.4 Production and usage

As explained above, commercially available DINP is a mixture of diesters of o-phthalic
acid which contains C8-C10 (C9 rich) alkyl side chains. DiNP-1 (CAS No 68515-48-0)
and DINP-2 (CAS No 28553-12-0) are produced in two different ways. DinP-1 is
produced by the so-called “polygas” process, whereby propylene, n-butene and
isobutene are oligomerised. Further, oxonation, hydrogenation and reaction with
phthalic anhydride lead to DINP-1. In the case of DiNP-2 production, n-butene
undergoes dimerization, oxonation, hydrogenation and esterification with phthalic

anhydride. (Saravanabhavan and Murray, 2012)

Because of strict regulations on DEHP in consumer products, DINP (as well as DiDP)
substitute DEHP in PVC applications, whereby about 95% of DiNP is used in PVC
products. These substitutions occur as one consequence of classification and labelling
according to CLP regulation, and lead to a move toward non-classified high molecular
weight phthalates like DiNP. Additionally, DINP is used in medical devices, wire and
cables, coatings, automotive applications, building and construction, floorings, foot
wear, sealings, paints, lacquers, wall coverings, toys, food contact materials, and
clothing to name a few examples. (ECHA, 2010b) In Europe, approximately 500,000
tonnes of DiNP are produced per year (Koch and Angerer, 2007). Since 1994, the use
of DINP has increased constantly, and in Western Europe today DiNP, DiDP and
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DPHP (di-propylheptyl phthalate) are represent about 65% of the overall use of
plasticisers (ECHA, 2010b).

1.3.7.9.5 Toxicokinetics

Routes of exposure

Humans can be exposed to DiNP through consumer products, occupationally, or
through the environment. Exposure routes can be oral (food contact materials, toys,
consumer products), dermal (direct skin contact), and through inhalation (manufacture,

processing, aerosol forming activities, etc.) (ECB, 2003a).

Metabolism and elimination

Following oral administration in rats, DINP (CAS No. 68515-48-0) is rapidly
metabolised in the GIT to its monoester MiNP, and is absorbed into the body. After
application, DINP is found in the liver and kidneys, but does not accumulate in organs
or tissues. About 50% of the orally administered DINP dose is excreted via urine,
mainly as oxidised metabolites of the primary metabolite MiNP. The pharmacokinetic
properties of DINP are similar to those of high molecular weight phthalates. Findings in
rodents are to some extent contrary to findings in humans and primates, which indicate
a low absorption at low doses and more limited absorption at high doses. (McKee et
al., 2002)

D o D O
D R D
jéq,(LO:A/l\/v - j@ioi/dv\/
o} o}
D D
D 0 D o}

D4-DINP D4-MMeOP

D 0 l
D
OH
b o
D 0O
b o OH D

D4-TOH-MMeOP oH OH
1 O\A)M
D o D o
D D (o]
OH
(0]
D
D ©O o

D4-Toxo-MMeOP

— ——
onyl alkylchain
nono-(4-

-mono-(4

D4-r

D4-r

D4
D4-mono-(4

______

is

O-1
D4~

D4-7carboxy-MMeHP

D4-DINP :
D4-MMeOP:
D4-70H-MMeOP:
D4-Toxo-MMeOP:
D4-Tecarboxy-MMeHP:

R:

Figure 11. Suggested human DiNP metabolism illustrated for the 4-methyloctyl-side chain (four-

times deuterium labelled DiNP is shown) (Koch and Angerer, 2007)



53

Koch and Angerer (2007) investigated the DINP metabolism and elimination in one
male volunteer, applying a single oral dose of DINP of 1.27 mg/kg bw. They analysed
the urinary excretion of MiNP (simple monoester), OH-MINP, oxo-MiNP and cx-MiNP
(oxidised monoesters). Within 48 h, 43.6% of the administrated DINP dose was
excreted via urine as 20.2% OH-MiNP, 10.7% cx-MiNP, 10.6% oxo-MiNP and 2.2%
MINP. The elimination followed a multi-phase pattern. This result shows that the
oxidised metabolites are suitable biomarkers for human biomonitoring. (Koch and
Angerer, 2007) Figure 11 shows the suggested DINP metabolism in humans with four-

time deuterium labelled DiNP, provided from Koch and Angerer (2007).

Biomarkers

Biomarkers for Biomonitoring studies in DINP are the primary hydrolysed metabolite
MiNP (mono-isononyl phthalate) and the secondary oxidised metabolites OH-MiNP
(7OH-mono-methyloctyl phthalate), oxo-MiNP (7oxo-methyloctyl phthalate) and cx-
MiNP (7carboxy-mono-methylheptyl phthalate) (Koch and Angerer, 2012).

1.3.7.9.6 Health effects

DINP has low acute oral, dermal and inhalation toxicity, but is considered to be a very
slight irritant for eyes and skin. Repeated-dose studies in rodents have demonstrated
that DINP acts as a peroxisome proliferator, similar to DEHP and DIiDP. Additionally,
changes in liver and kidney weights, and nephropathy have also been shown. Effects
of DINP exposure on the reproductive system such as increased testis weight,
abnormal/immature sperm forms in epididymis, and effects on the uterus and ovaries
were found in mice. (ECB, 2003a) DINP has anti-androgenic activity, but it is 10- to 20-
fold less potent than DEHP or BBzP (Gray Jr. et al., 2000). Although findings from
several studies have identified effects of DINP on the reproductive system and
development, EU classification is not justified (ECB, 2003a).

1.3.7.10 Di-isodecyl phthalate (DiDP)

1.3.7.10.1 General information

DIDP contains two di-isodecyl products with two different CAS numbers. Both are
manufactured by an identical olefin oligomerisation process and by a similar oxo

alcohol production and esterification process. Additionally, both are completely
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interchangeable in their end uses. Generally, DIDP is a complex mixture that containing
mainly C10-branched isomers. (ECB, 2003b)

Table 18. General information on DiDP (ECB, 2003b; IHCP, n.r.)

EC Number 2271-091-4 and 47-977-1

CAS Number 68515-49-1 and 26761-40-0

IUPAC Name 1,2-Benzenedicarboxylic acid, di-C9-11-branched alkyl esters, C10-rich
and di-isodecyl phthalate

Molecular formula Ca2sH4604 (average)

Molecular weight 446.68 g/mol (average)

Physico-chemical properties  Qily viscous liquid; melting point between -50 and -45°C; boiling point at
257°C; water solubility of 0.2 ugl/l.

Chemical structures . 5 Ve
o] ; (

o . o
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CAS 68515-49-1 -
CAS 26761-40-0

1.3.7.10.2 Classification and labelling

According to CLP regulation, currently (2014-06-06) no harmonised classification exists
for DIiDP. Concerning the industry’s self-classification, 100 notifiers additionally did not
classify DIDP. 43 notifiers classified this phthalate as Aquatic Chronic category 2 with
the hazard statement code H411 (“Toxic to aquatic life with long lasting effects”) and
labelled with the pictogram GHS09 (“Environment”). The strictest classification and
labelling by 24 notifiers is Aquatic Acute category 1 (H400, “Very toxic to aquatic life”)
and Aquatic Chronic category 1 (H410, “Very toxic to aquatic life with long lasting
effects”), and the pictogram GHSO09 (“Environment”) and the signal word “Warning”
(state: 2014-06-06). (ECHA, 2014q)

1.3.7.10.3 Legislation

The use of DIDP in toys and childcare articles that may be placed into the mouth is
prohibited at concentrations of >0.01% by weight within the EU (EC, 2009c). DIDP is
prohibited in single-use food contact materials, materials containing fatty foods, and in
infant and follow-on formulae. However, as a technical support agent, it is allowed to be

present in final products at a concentration of up to 0.1%. (EC, 2011e)
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1.3.7.10.4 Production and usage

DIiDP is produced from propylene and butenes through a process of oligomerisation,
further distillation, oxonation, hydrogenation, and finally esterification with phthalic

anhydride.

DIiDP is mainly used as a softener in PVC products with a typical content of 25 to 50%.
PVC products containing DIiDP are for example coated products, floorings, wall
coverings, roofings, wires and cables, footwear, car undercoatings, sealants, paints
and lacquers. Non-PVC products than contain DiDP are used in paints and varnished

industry, as well as in textile industry (e.g. textile inks). (ECB, 2003b)

1.3.7.10.5 Toxicokinetics

Routes of exposure

Humans can be exposed to DiDP through direct skin contact during manufacture and
formulation of products (workers) or by contact with DiDP-containing products
(consumers), through inhalation, and through oral ingestion via e.g. food contact
materials or toys (ECB, 2003b).

Absorption, metabolism and elimination

The absorption of orally administered DiDP is rapid. Similar to DiNP, commercial DiDP
formulations consist of different structural isomers which result in the formation of
several structurally similar metabolites during metabolism. Metabolism of DiDP (as well
as of DINP) is very similar to the metabolism of DEHP: in phase |, DiDP is hydrolysed
to hydrolytic monoesters which are the primary metabolites. The monoester is then
oxidised through w- or w-1-oxidation, forming secondary metabolites with hydroxyl-,
oxo-, and carboxy-functional groups. The secondary metabolites can also undergo
further metabolisation to tertiary metabolites. DiDP metabolites can also be further
metabolised in phase Il metabolism by conjugation with glucoronic acid and sulphonic

acid. Formed conjugates are eliminated via urine. (Saravanabhavan and Murray, 2012)

Biomarkers

For Biomonitoring studies, the primary hydrolysed metabolite MiDP (mono-isodecyl
phthalate) and the secondary oxidised metabolites OH-MiDP (6-hydroxy-mono-isodecyl
phthalate), oxo-MiDP (6oxo-mono-isodecyl phthalate) and cx-MiDP (mono-carboxyl-
isooctyl phthalate) are used as biomarkers because they are the most important

metabolites (Koch and Angerer, 2012).
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1.3.7.10.6 Health effects

DiDP has a low acute toxicity following oral, dermal or inhalation exposure. In mice,
DiDP can affect the serum levels of IgG1 and IgE following subcutaneous or
intraperitoneal exposure. Thus, atopic responses in humans due to DiDP exposure
cannot be ruled out. Studies in rats have demonstrated that DiDP act as peroxisome
proliferators in the liver; however, humans may be less sensitive compared than rats.
Additionally in rats, exposure to DiDP resulted in increased kidney weights. ldentified
effects on the reproductive system and on development include changes in sex ratio,
decrease in absolute testes weight in male rats, and skeletal variations, respectively.
The most sensitive effect due to DiDP, but also due to DINP, observed in different
repeated dose toxicity studies is spongiosis hepatis, whereby the induction-
mechanisms are not clear, but are likely to be related to peroxisome proliferation. In
mice, the induction of liver adenomas was observed following DIiDP exposure.
However, the incidence of adenomas in the livers of mice is related to peroxisome
proliferation and should not be relevant for humans. For DIDP, no estrogenic activity
was shown in either in vitro or in vivo tests. However, investigations in humans are
currently rarely available. (ECB, 2003b; ECHA, 2012c)

1.4 BISPHENOL A

1.4.1 General Information

General information on BPA is provided in Table 19:

Table 19. General information on BPA (European Communities, 2008; ECHA, 2012b, 2013h)

EC Number 201-245-8

CAS Number 80-05-7

IUPAC Name 2,2-bis(4-hydroxyphenyl)propane

EC Name 4,4’ -isopropylidenediphenol

Molecular formula C15H1602

Molecular weight 228.3 g/mol

Trade names, abbreviations, Bisphenol A, BPA, Diphenylol propane, DPP, Bisphenol A ER grade —

synonyms Flake, PARABIS(R) Resin intermediate, Bisphenol A - Polycarbonate
grade

Physico-chemical properties  Organic solid flake or powder with a density of 1.2 kg/m® at 25°C; water
solubility of 300 mg/I; flash point at ca. 207°C; log Kow of 3.4; purity 99.0-
99.8% (impurities: water (<0.2%), ortho- and para-isomers of BPA
(<0.2%), and phenol (<0.06%)).

Chemical structure
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Bisphenol A (BPA) is an industrially manufactured and utilised chemical substance.
The production occurs worldwide at high annual quantities. In general, BPA is used as
monomer in polycarbonate (PC) and epoxy resin production, PVC production and
processing, and in thermal paper production. Thus, BPA is present in a multitude of
consumer products. Because of its chemical structure, the migration from contact
materials and products into food, beverages, water, air, house dust or soil can occur.
Human exposure through various routes may lead to various adverse health effects.
(Vandenberg et al., 2007; European Communities, 2008; IHCP, n.r.)

1.4.2 Production and usage

BPA is produced by alkaline or acidic catalysed condensation of phenol and acetone in
high purity (99.0-99.8%). BPA is mainly used for the manufacturing of PC (about 71%)
and epoxy resins (25%). Furthermore, it is used for the production of phenoplast resins,
unsaturated polyester resins, can coatings, PVC, thermal paper, modified polyamides,

polyol/polyurethane, tyre and break fluids. (European Communities, 2008)

Polycarbonates (PC) are thermoplastic polymers and are used for the production of
many consumer products such as digital media (CDs, DVDs), casing of mobile phones
and computers, containers, identity cards, toys, food contact materials and articles,
medical devices (about 3% of total PC production), refillable PC reservoirs, tableware,
chocolate moulds, kettles, kitchen utensils, water bottles, eyeglass lenses, consumer
electronics and electrical equipment. Additionally, it is used in automotive industry and
for pipes in public water distribution networks. (European Communities, 2008; CEF,
2013)

Epoxy resins, which represent the second largest use of BPA after PC, are
thermosetting polymers. They are used in coatings in food contact materials (especially
in canned foods and beverages), dental fillings, electronics, fibre-reinforced plastic
materials, powder coatings, industrial protective coatings, floorings and in adhesives.
(EAG, 2010; CEF, 2013; IHCP, n.r.)

Thermal paper is a smooth paper with an applied coating, which is made from a dye
and a phenol developer such as BPA. Thermal paper containing BPA is used for cash
receipts, bus or airline tickets, lottery tickets and papers for laboratory use. (CEF, 2013;
EFSA, 2013b)
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In PVC production, BPA is used as a stabiliser for the vinyl chloride monomer, for the
polymerisation of PVC plastics and as antioxidant in plasticisers used in PVC materials
(CEF, 2013).

Other uses of BPA are BPA methacrylate containing resins (e.g. used for dental
sealants), polyetherimides that are synthesised by melt condensation of BPA di-
anhydride (e.g. used in microwave cookware, medical applications, electronic
components and aircraft interiors), polysulfone resins made by condensation of BPA
disodium salt (used in electrical components, appliances, medical equipment, valves,
pumps, and pipes), polyarylates, which are amorphous polymers made by co-
polymerisation of BPA (used in automotives, electronics, aircraft, (food) packaging
applications), and flame retardants. Additionally, BPA can be present in recycled paper
if BPA containing paper products are included and if BPA is not completely removed
during the recycling process, as well as in cosmetics on the EU market through
migration from packaging materials or as impurities in cosmetic ingredients. (CEF,
2013)

1.4.3 Classification and Labelling

According to Annex VI of CLP regulation (Regulation (EC) No 1272/2008), BPA is
classified as Repr. 2;H361f (Toxic to reproduction category 2; Suspected to damage
fertility), Skin Sens. 1;H317 (Skin Sensitiser; May cause an allergic skin reaction), Eye
Dam. 1;H318 (Eye Damage; Causes serious eye damage), and STOT SE 3;H355
(Specific target organ toxicity — single exposure category 3; May cause respiratory
irritation). BPA is labelled with the signal word “Danger”’, and the pictograms
“Exclamation mark”, “Corrosion”, and “Health hazard”. (ECHA, 2013h)

1.4.4 Legislationin the EU

BPA, used as a monomer for the production of PC and epoxy resins, must be
registered under REACH following reduced requirements, since monomers are defined
as intermediates. For this reason, BPA is also exempt from REACH authorisation.
Because PC and epoxy resins are polymers, they are not subject to the REACH
registration process, except BPA releases from articles during normal or reasonable
use. (CIRS, 2008-2012; PlasticsEurope, 2010, 2011, 2013)

Several directives and regulations apply to the legislation of BPA within the EU:
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By the Commission Directive 2002/72/EC of 6 August 2002, BPA was authorised for
the use as monomer and additive in plastic materials production (CEF, 2013; EC,
2002). In this Directive regulating plastic materials and articles for food contact, a
specific migration limit (SML) was set at 3 mg BPA/kg of food (EC, 2002). In 2005, a
ban on BPA in cosmetic products came into force by the Directive 2005/80/EC (EC,
2005). BPA was included into the list of prohibited substances in cosmetic products in
2009 by the Regulation (EC) No 1223/2009 (Annex Il) for harmonising the rules within
the EU (EC, 2009a). Also in 2009, a so-called Indicative Occupational Exposure Limit
Value (IOELV) was set out at 10 mg/m?® for BPA (EC, 2009b). In 2011, the Directive
2002/72/EC was amended by the Directive 2011/8/EU and a temporary ban on BPA
use in the production of PC infant feeding bottles and their placement on the market.
Also in 2011, the Directive 2002/72/EC was replaced by the Regulation (EU) No
10/2011, which fixed the ban of BPA in PC infant feeding bottles, and set out a SML of
0.6 mg BPA/kg of food, but removed the use of BPA as an additive or polymer
production aid. (CEF, 2013; EC, 2011a, 2011b, 2011e)

Furthermore, BPA is listed as a substance suspected to be an endocrine disruptor in
CoRAP and was required to be evaluated by the EU Member State Germany in 2012
(ECHA, 2011, 2012a).

In the EU, several countries have passed additional national legislations:

Denmark passed in 2010 an interim BPA ban in food contact materials for children
aged 0-3 years based on an assessment of the Technical University of Denmark and
the principle of precaution (Danish Ministry of Food, Agriculture and Fisheries, 2010;
EC, 2011a).

France temporarily banned in 2010 the production, import, export and even the
placement on the market of BPA in infant feeding bottles. This decision was based on
opinions of the French Food Safety Agency (AFFSA) and the Institut National de la
Santé et de la Recherche Médicale (INSERIM). (EC, 2011a) In 2011, the French
National Assembly extended the ban from infant feeding bottles to all food contact
materials by 2014. A ban on all packaging materials containing BPA was additionally
planned, as well as the inclusion of warning labels on packaging materials containing
BPA for children aged 0-3 years and pregnant women. (Audran, 2012; ITRI, 2011)

Sweden banned the use of BPA or BPA containing compounds in varnishes and
coatings of food packaging materials intended for children aged 0-3 years in 2013
(CEF, 2013).
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Belgium banned the marketing or placing on the market, as well as the production of
containers for food commodities that containing BPA for children aged 0-3 years in
2013 (CEF, 2013).

1.4.5 Acceptable levels of exposure

Acceptable levels of exposure (AL) are set out by agencies and derived for various
endpoints based on reliable studies. Definitions of several ALs are given in chapter
1.3.6.1.

EFSA TDI

In 2006, EFSA completed their risk assessment report of BPA and set out a TDI of 50
pg/kg bw/d. In 2008, 2009, 2010 and 2011, EFSA reviewed newly available scientific
studies and information and concluded that there is no new evidence to revise the
current TDI. (EFSA, 2013a) In 2012, the EFSA’s Panel on Food Contact Materials,
Enzymes, Flavouring and Processing Aids (CEF) decided to perform a complete re-
evaluation of BPA risks through different exposure sources (dietary and non-dietary)
and reviewed more than 450 studies. They identified likely adverse effects on the liver,
kidneys and mammary glands. In 2014, the CEF published their new opinion relating to
BPA and derived a temporary TDI of 5 pg/kg bw/d, reflecting the current uncertainties
related to BPA effects. (EFSA, 2014a, 2014b)

U.S. EPA RID

The oral RfD for BPA set out by the U.S. EPA is 50 pg/kg bw/d based on reduced
mean bodyweight (LOAEL 50 mg/kg/d) and an uncertainty factor of 1000 (U.S. EPA,
2012b).

1.4.6 Toxicokinetics

1.4.6.1 Routes of exposure

Humans are exposed to BPA via oral ingestion (e.g. through food and dental products),

inhalation (through air and house dust), and dermal contact (e.g. through thermal
paper).
Food and food contact materials

BPA is present in a multitude of food contact materials due to its use as application of

epoxy resins for inner can coatings, or as a monomer in PC production, and can
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therefore migrate into food (Vandenberg et al., 2007). Several studies have
investigated BPA migration under various conditions and reported BPA leaching from
cans into foodstuff or beverages (Brotons et al., 1995; Goodson et al., 2004; Kang, Kito
and Kondo, 2003; Takao et al., 2002). Additionally, food and beverages packaged in
cans are well investigated regarding to their BPA content (cf. Appendix C.1) and have
been identified as important sources of BPA exposure to humans. BPA can also
migrate from plastic food contact materials such as stretch films and bottles made from
PC into foodstuffs (Kuwabo et al., 2009; L6épez-Cervantes and Paseiro-Losada, 2003).
Another possibility of exposure to BPA via food contact materials is the utilisation of
papers because of the use of BPA in paper production. Studies have shown that
kitchen towels made from recycled papers can contain BPA in notable concentrations.
Investigations of virgin papers showed low or no BPA content. Additionally, several
other studies have indicated papers and cardboards designed for food contact as
potential BPA sources. (Ozaki et al., 2004; Vandenberg et al., 2007)

Dental products

Resin-based monomers are used in dentistry as adhesives, preventative sealants and
restorative materials. BPA diglycidyl methacrylate synthesised from BPA has been
used in many dental materials since the 1960s, and it has been demonstrated that
parts of the unpolymerised monomers are able to leach from dental materials
immediately after application to teeth and be dissolved in salvia. Therefore, dental
products can also lead to BPA exposure in humans. (Rathee, Malik and Singh, 2012;
Sasaki, Okuda and Kato, 2005; Vandenberg et al., 2007).

Air and house dust

During the course of production and utilisation, BPA can leach into the environment
and be present in air and house dust. Several studies have investigated BPA levels in
house dust, which can be found in a high percentage of dust samples. (Geens et al.,
2009; Rudel et al., 2003; Uhl et al., 2004; Vandenberg et al., 2007). In a study from
Japan investigating BPA concentrations in outdoor air, mean BPA levels of 0.51 ng/m?®
were found with mild seasonal variations (increasing BPA concentrations from autumn
to winter, decreasing levels from winter to spring) (Matsumoto, Adachi and Suzuki,
2005).

Thermal paper, paper currencies

BPA is an additive in thermal paper used as a colour developer (Geens et al., 2012)

and found in receipts, car park, plane, train and bus tickets, queue tickets and lottery
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slips for example (Mielke, Partosch and Gundert-Remy, 2011). Humans can be
exposed to BPA through oral intake by contact of unwashed hands with mouth or food,
or by dermal exposure after contact with this type of paper. Additionally, thermal paper
represents a source of BPA contamination for recycled paper. (Geens et al., 2012)
Although oral exposure to BPA seems to be the major route of BPA uptake in the body,
exposure through dermal contact is also very important and may be relevant to overall
internal exposure (Mielke, Partosch and Gundert-Remy, 2011). Additionally, humans
may be exposed to BPA through paper currencies, in which BPA is present as a free
monomer. Therefore, absorption of BPA through dermal contact may occur due to the
handling of e.g. paper money. (Liao and Kannan, 2011) BPA’s penetration through skin
depends on specific conditions. However, studies have demonstrated that BPA can
enter the skin to depths at which it can no longer be removed by washing one’s hands,
resulting in its remaining in the skin until the latter’'s renewal, or a deeper migration.
(Biedermann, Tschudin and Grob, 2009)

Medical devices, healthcare applications

Small amounts of BPA can leach from polycarbonates and polysulfones used in
medical devices and healthcare applications such as eye lenses, tube connections,
inhaler housing, blood oxygenators, newborn incubators, nebulisers and humidifiers.
Additionally, BPA can migrate into drug formulations packaged in containers made of
PC or lined with epoxy. BPA can also leach from PVC used in the production of
medical products. (Geens et al., 2012) As shown in a study of premature infants
undergoing intensive medical intervention for therapy, for example, the exposure of the
infants to BPA was one order of magnitude higher than that of the general population
(Calafat et al., 2009).

1.4.6.2 Absorption and elimination

In humans, BPA is rapidly absorbed by the GIT into the body following oral
administration and is conjugated with glucuronic acid to its main metabolite BPA-
glucuronide (BPA-G) in the liver, whereas the glucuronidation rate is limited by its
transport rate from the GIT into the blood and the liver. Hepatocytes and microsomes
are catalysators for this glucuronidation. Other metabolites (e.g. BPA sulphate) are also
formed after the glucuronisation pathway, but this occurs only after a BPA exposure at
higher doses. Further, BPA is eliminated via urine within 24 hours. In rodents, BPA
metabolism follows the enterohepatic circulation, which is different from its metabolism
in humans. (Doerge and Fisher, 2010; Vdlkel et al., 2002)
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In a study of BPA metabolism and toxicokinetics conducted by Vélkel et al. (2002), 5
mg D16-BPA (54-90 pg/kg bw) were orally administrated to eight volunteers. This dose
was about 10-fold higher than estimated levels of humans exposure of 0.6 mg/d. The
authors reported a half-time for D;-BPA-G of 5.4 hours for the elimination via urine,
and a terminal half-time of 5.3 hours for the clearance from blood. After 24 to 34 hours,
D16-BPA-G levels were below the detection limit (LOD). Thus, D1s-BPA-G had a urinary
recovery rate of 100%. In blood, no D;g-BPA-G was detectable, which supported the
rapid absorption of BPA by the GIT, its conjugation with glucuronic acid in the liver, and
its rapid elimination as BPA-G via urine. Additionally, these results suggested that BPA
does not pass the enterohepatic circulation in humans, contrary to rodents. (Chapin et
al., 2008; Volkel et al., 2002)

1.4.6.3 Mechanisms of action

Studies on humans and non-human primates have shown the rapid and extensive
absorption of BPA following oral exposure and the extensive metabolisation during
absorption by the GIT, and thereafter by the liver to glucuronidate and sulphate
metabolites which are biologically inactive. Thus, systemic exposure to free and
therefore biologically active BPA is limited to ca. 1%. The distribution of BPA occurs
widely. BPA metabolites are eliminated via urine in a rapid manner. In blood, BPA is
reversibly bound to proteins (95%) or is present in an unbound fashion (5%). Unbound
BPA traverses the capillaries and perfuse cells and tissues, where it is able to bind to
receptors with various affinities. When BPA reaches concentrations sufficient to bind
and activate signalling, its estrogenicity manifests. (Teeguarden et al., 2013) BPA is
able to bind to estrogen receptors (ER) and also to androgen receptors (AR), can alter
steroid synthesis and circulating steroid hormone levels, is able to disrupt PPAR, as
well as thyroid and glucocorticoid signalling (Nagel and Bromfield, 2013). Additionally,
BPA is able to suppress aromatase activity and can bind to estrogen-related receptor
gamma (EERYy) (Teng et al., 2013).

Estrogenic activity

Estrogen is a steroid hormone and influences the growth, differentiation and functions
of many tissues including reproductive systems in males and females, and is important
for the central nervous and cardiovascular systems and bone maintenance. The
binding of estrogen to ER with a high specificity and affinity is necessary for actions in
the body. (Kuiper et al., 1998) By binding to its cognate ligands, ERa acts as a ligand-

activated transcription factor and mediates its action in cells and tissues. In addition to
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natural ERa-ligands (estrogen), other different compounds are able to bind ERa, such
as BPA as an environmental chemical which is structurally similar to estrogenic
ligands. In dependence of the chemical structures of the ligands, they can act as
estrogen-agonists or estrogen-antagonists. Ligands bind to ligand-binding domains of
the ERa protein, which leads to the conformation of the ligand-ERa complex. Further,
this complex interacts with co-activators or co-regulators at the promoters of estrogen-
responsive genes and modulates the transcriptional activity of the genes. Therefore,
the outcome of ERa-dependent responses of cells or tissues might be determined.
(Sengupta et al., 2013) As mentioned above, BPA is able to bind and activate ERa, but
with a lower affinity for genomic ERa compared to estradiol (Nagel and Bromfield,
2013). The affinity to bind ERs is about 10,000-fold weaker than that of estrogen
(Kuiper et al., 1998). However, the bioactivity of BPA is similar to estradiol for several
responses, especially responses mediated by non-genomic signalling. (Nagel and
Bromfield, 2013) The estrogenic activity is demonstrated for free (active) BPA, but not
for the metabolite BPA-glucuronide which is inactive (FDA, 2008).

Effects on estrogen-related receptor gamma (EERYy)

EERYy is part of the nuclear receptor family in humans and the ERR superfamily that is
closely related to ERa and ERB. EERy is highly expressed in a tissue-restricted
manner, e.g. in the brain and the placenta. BPA is able to bind to EERYy strongly and
with high specificity, which can lead to various physiological effects. Further, BPA
accumulation in the placenta can be facilitated and thereby increasing the exposure to
the fetus. (Okada et al., 2008; Teng et al., 2013)

Anti-androgen activity

Androgens are steroid hormones necessary for normal sexual development and
reproduction in males which stimulate the masculinisation of the fetus and induce male
imprinting of the developing brain. They bind to androgen receptors (AR), which are
ligand-activated transcription factors. Compounds that act as anti-androgens can bind
to the ARs and inhibit them. (Lee et al., 2003) BPA is an antagonist for AR, but
molecular mechanisms are unclear. However, studies have shown that BPA is able to

inhibit the efficient nuclear translocation of AR. (Teng et al., 2013)

Effects on peroxisome proliferator-activated receptor (PPAR)
PPARs are nuclear receptors and exist in three isoforms: PPARa, PPARB/5 and
PPARy, whereby PPARa is expressed mainly in tissues in which fatty acids are

catabolised, and PPARY is restricted to other adipose tissues. Additionally, both are
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found in vascular endothelium. PPARs are important for immune responses especially
for inflammation and can be found in macrophages, dendritic cells, and T and B cells.
BPA can act as an antagonist and may therefore lead to pro-inflammatory outcomes.
(Rogers, Metz and Yong, 2013) PPARy expressed in adult adipocytes regulates
lipogenesis, and PPARYy activators lead to increased fat deposition. BPA can elevate
PPARYy in abdominal adipocytes. (Vom Saal et al., 2012)

Effects on the thyroid receptor (TR)

Thyroid hormones are important for the normal development of behaviour and intellect,
as well as for neurological development. The TR is, similar to the estrogen receptor, a
nuclear hormone receptor. The function of Ts in the body is mediated by several TR
isoforms (TRal, TRB1-3, TRa and TRB). BPA as antagonist for TR reduces the binding
of T3 to nuclear TRs and recruits co-repressors which result in transcriptional inhibition.
(Moriyama et al., 2002)

Effects on the glucocorticoid receptor (GR)

The GR is a nuclear receptor for steroid hormones and regulates glucose homeostasis,
bone turnover, cell differentiation, lung maturation and inflammation. The natural ligand
that binds to GR is cortisol in most species. BPA is able to bind GR as an agonist and
may produce effects that are similar to effects produced by glucocorticoids. Studies
have reported that inappropriate glucocorticoid exposure can lead to adverse effects on
development in critical periods and can alter programming of tissues in glucocorticoid-

sensitive endocrine and immune systems. (Prasanth, Divya and Sadasivan, 2010)

1.4.7 Health Effects

BPA has a low acute toxicity by all exposure routes, but is considered to produce skin
sensation responses (ECB, 2003d). It is classified according to CLP as a substance
causing serious eye damage, skin sensitisation and respiratory irritation (ECHA,
2013h).

BPA is able to bind to estrogen and androgen receptors; however, the affinity of
binding to estrogen receptors is about 10,000-fold weaker than the affinity of estrogen.
BPA can alter steroid synthesis and circulating steroid hormone levels, is able to
disrupt PPAR and the signalling of thyroids and glucocorticoids, supresses aromatase
activity and binds to the estrogen-related receptor y. (Kuiper et al., 1998; Nagel and

Bromfield, 2013; Teng et al., 2013) Prenatal and neonatal BPA exposures have shown
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associations with the early onset of sexual maturation, the induction of preneoplastic
mammary glands, lesions of the reproductive tract, increased prostate sizes and
decreased sperm production in offspring. Studies have also shown possible
associations between BPA exposure and cardiovascular diseases, diabetes, liver
diseases and neural differentiation. (Prasanth, Divya and Sadasivan, 2010) Some
concerns about possible reproductive and developmental toxicity exist, but results are
not clear (Chapin et al., 2008). BPA can stimulate cell responses and molecular
endpoints even at low doses. However, further investigations on health effects of BPA

are needed. (Vandenberg et al., 2007)

1.5 HUMAN BIOMONITORING

Human Biomonitoring (HBM) is a method for the examination of human exposure to
chemicals, which is performed in order to avoid environmentally related diseases.
Additionally, HBM is also an instrument for health and environment policy. HBM can be
performed on the general population, various population groups or individuals, and it is
an important tool for exposure and risk assessment. Concentrations of environmental
pollutants can be detected in several body fluids (such as blood, cord blood, urine and
breast milk), hairs and tissues. All routes of exposure (oral, dermal, inhalation) can be
determined. (Angerer, Ewers and Wilhelm, 2007; EAG, 2013a; Sattelberger, n.r.)
Generally, two different types of HBM exist:

- dose-monitoring (quantification of concentrations of substances or their

metabolites in different body fluids and tissues) and
- effect-monitoring (identification of reactions of the organism to the exposure).

One disadvantage of dose-monitoring is that no conclusion can be made on a
substance regarding to its effects in the organism. Contrarily, effect-monitoring allows
the identification of the effect, but no information can be given on the specific

substances causing this effect. (Sattelberger, n.r.)

For the interpretation and evaluation of HBM data, clear criteria are necessary. The
Commission of Human Biomonitoring in Germany - established in 1992 at the German
Environment Agency (EAG) - published such criteria for so-called reference and HBM-
values, as well as those values itself. Whereby reference values are statistically

derived values describing the exposure of a substance to a population or population
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group, HBM-values are toxicologically derived values based on scientific data
establishing the occurrence of adverse health effects. (EAG, 2007a, 2007b)

1.5.1 Requirements for Human Biomonitoring

For HBM, existing requirements are qualified biological matrices, qualified biomarkers
that are capable of reflecting exposure or effects, qualified and reliable analytical
methods, as well as reference and limit values to make interpretation of results

possible (Angerer, Ewers and Wilhelm, 2007).

Biological matrices

Chemicals enter the body via various exposure routes. They reach the circulatory
system, are distributed into various body compartments, tissues and organs, and/or get
eliminated e.g. via urine and faeces. The correct biological matrix must be chosen for
exposure assessment in relation to the toxicokinetics and specific purposes of the
particular substance. Generally, non-persistent chemicals are detected in urine due to
their rapid metabolism and elimination, whereby persistent chemicals are analysed in
blood. Still, blood may also be important for the analysis of non-persistent chemicals
with the aim of the investigation of their toxicokinetics. The ideal requirement of
analysing chemicals in urine is the availability of 24h urine samples, but often collection
is difficult in epidemiological studies (e.g. among newborns or young children).
Therefore, spot urine samples can be used, but a correction by creatinine adjustment
would be necessary. Additionally, the correct matrix is needed for the specific purpose
required (e.g. cord blood for investigating prenatal exposure). (Koch and Angerer,
2012)

Biomarkers

For exposure assessment, the use of suitable biomarkers is necessary. First of all,
metabolism and elimination of a substance must be known for interpretation of internal
exposure of the substance and/or its metabolites to be possible. For example, short-
chain parent phthalates (low molecular weight phthalates) are metabolised to their
monoesters, which are eliminated via urine. Contrarily, long-chain phthalates (high
molecular weight phthalates) are metabolised to the corresponding monoesters
(primary metabolites) in a first step and further to their oxidised metabolites (secondary
metabolites) in a second step. Those oxidised metabolites are the main metabolites
eliminated via urine. Thus, the sole use of single monoesters is not suitable for

exposure assessment. (Koch and Angerer, 2012) This supports the need for detailed
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knowledge of the behaviour of substances in organisms and the importance of using

correct biomarkers for assessing exposure.

Analytical methods

Because of the importance of exposure assessments, the reliability of analytical results
has to be guaranteed. The analytical method consists of the pre-analytic phase, the
analytic phase, quality assurance, and the evaluation and interpretation of analytical
results. In the pre-analytic phase, influences and interferences must be considered
(e.g. time and procedure of sample collection, possible changes of analyte
concentrations by e.g. degradation or possible contaminations). Standard operation
protocols (SOPs) are a good tool for minimising these effects. In the analytic phase,
quality assessments by internal and external quality controls are important, which can

guarantee a high level of reliability. (Angerer, Ewers and Wilhelm, 2007)

Reference and limit values

For the evaluation of determined HBM data, clear criteria are necessary. The German
HBM-commission has recommended criteria for reference and HBM values (see
below). (Angerer, Ewers and Wilhelm, 2007)

1.5.2 Reference Values

In Human Biomonitoring, reference values describe the basic exposure of a population
or population group and are determined based on data from a suitable reference
population. According to the IUPAC guideline (Poulsen, Holst and Christensen, 1997),
reference values are defined within the 95% confidence interval of the 95" percentile of
estimated concentrations of a substance or metabolite in a representative sample of
the general population or a population group (Bader and Lichtnecker, 2003; EAG,
2011). These values are descriptive and are influenced by several factors such as age,
sex and geographic region, chosen sample and sample size, or lifestyle (e.g. smoking
behaviour, nutrition, pharmaceutical intake and environmental exposure). Therefore,
reference values are subject to change. For their estimation it is important to use
representative samples. (Bader and Lichtnecker, 2003) Additionally, it must be

considered that reference values are statistically derived values (EAG, 2009).
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1.5.3 HBM values

Human biomonitoring (HBM) values are derived values based on epidemiological and
toxicological studies. Two levels exist:

-  HBM-I values: HBM-I values are control values. According to current
knowledge, no need for action exists, because adverse health effects are not
expected.

- HBM-II values: HBM-II values are intervention values. Concentrations of a
substance in a body fluid/tissue which exceed this value at the current state of
evaluation by the HBM-commission may lead to adverse health effects. Acute
need for action to reduce exposure exists, and care by experts of environmental
medicine is necessary. (EAG, 2009, 2012)

Table 20. Definition of HBM-I and HBM-II values and possible need for action (according to EAG,
2009, 2012)

Damage to health Need for action

possible - Care by experts of environmental medicine
- Acute need of action to reduce exposure

HBM-II

Cannot be ruled out with sufficient - Control of exposure values

certainty - Identification of exposure routes
- Reduction of exposure

HBM-I

Currently not expected - Currently no need for action
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2 METHODS AND MATERIALS

2.1 STUDY DESIGN

Since 1991, the Department of Nutritional Sciences of the University of Vienna (IfEW)
has regularly determined and documented the nutritional status of the Austrian
population (Austrian Study on Nutritional Status, ASNS). Every four years, the results
of the ASNS are published in the Austrian Nutrition Report. With this survey, a
multitude of data from a representative sample of the Austrian population is collected.
The last survey was conducted between 2010 and 2012 and was published in the
Austrian Nutrition Report 2012. (Elmadfa et al.,, 2012) Along with this survey, the
Environment Agency Austria, Vienna (EAA) collected additional data for so-called
contaminant monitoring and used urine samples as well as other data collected by the
IfEW to assess the exposure of the population to various pollutants, their exposure
routes and their possible adverse health effects in humans. This PhD thesis aims to
investigate this exposure and determine possible correlations between pollution levels
in human urine samples and effects on human health, as well as set out reference

values for further risk assessments.

Performed by the IfEW, the ASNS has received a positive vote from the ethics
commission of the City of Vienna (EK_10_037_0310) as well as insurance for the
participants and the study personnel (insurance policy No. 08-U875.328; 23.02.2010;
Wiener Stadtische Versicherung).

The recruitment of the participants occurred though a quota sampling of a cross-
sectional study. For regional comparisons, Austria was divided into East Austria
(Burgenland, Vienna, Lower Austria and Styria) and West Austria (Upper Austria,
Salzburg, Tyrol and Vorarlberg), according to the “Nomenclature des unites territoriales
statistiques” (NUTS). The fieldwork was performed between August 2010 and February
2012. For detailed study design see Elmadfa et al. (2012).

In total, the IfEW recruited and investigated 1002 male and female participants aged 6
to 80 years from Austria (Elmadfa et al., 2012). For this study, participants were chosen
and included if a proper amount of urine samples was available. Exposure to
phthalates and BPA were analysed in 595 participants, respectively. Table 21 shows
the distribution of the investigated participants. It must be noted, however, that no

participants were available from the federal state of Carinthia.
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West Austria

Vorarlberg

Burgenland

East Austria

Figure 12. Austria divided into geographic regions according to NUTS®: East and South Austria
(summarised as East Austria) (Vienna, Burgenland, Lower Austria, Styria and Carinthia) and West

Austria (Upper Austria, Salzburg, Tyrol and Vorarlberg)

Table 21. Distribution of investigated samples

Sex Age groups n (recruitments of n (analysis of n (analysis of
the IFEW)* phthalate BPA)?
metabolites)®
All All 1002 595 595
6-9 61 34 56
10-12 90 53 36
13-15 37 22 24
female 18-24 40 30 30
25-50 154 93 94
51-64 57 39 39
65-80 133 38 36
6-9 69 48 61
10-12 105 71 54
13-15 25 23 23
male 18-24 18 15 15
25-50 99 66 65
51-64 51 29 33
65-80 63 34 29

Abbreviations: BPA, Bisphenol A; n, sample size;
! Analytical investigations, anthropometric measurements, and questionnaires. Source: Eimadfa et al. (2012), p. 22
2 sample sizes depend on the availability of urine samples

In Appendix A, original questionnaires (in German) of the ASNS are added to this
thesis.

° NUTS (Nomenclature des unités territoriales statistiques): for comparison between East and West
Austria, the classification of NUTS 1 was used. (EC, 2011d; ElImadfa et al. 2012)
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Table 22. Collected parameters and investigation methods by the IfEW used for this study

(modified according to EImadfa et al., 2012)

Method

Parameter

Anthropometric measurements

Bodyweight, Bodyheight, Body Mass Index (BMI) / Percentiles,
Abdominal circumferences (AC), Hip circumference (HC),
Waist circumference (WC), Waist-to-Hip Ratio (WHR)

Bioelectrical
(BIA)

impedance analysis

Body fat / body fat percentage, Body water, Lean Body Mass,
Extracellular Mass (ECM), Body Cell Mass (BCM) / Body Cell
Mass Ratio, Basal metabolic rate (BMR), Phase Angle,

Extracellular water (ECW), Intracellular water (ICW)

Health indicators

Cholesterol, triglycerides, HDL cholesterol, LDL cholesterol,

leucocytes, lymphocytes, monocytes, granulocytes,
erythrocytes, thrombocytes, mean corpuscular volume (MCV),
haematocrit, mean corpuscular haemoglobin (MCH), mean
corpuscular haemoglobin concentration (MCHC), red blood
cell distribution width (RDW), haemoglobin, mean platelet
volume (MPV), glucose, glycated haemoglobin (HbA1c), total

antioxidant reactivity, bilirubin, total protein, albumin, uric acid

Questionnaire Children |

Personal questions, family prosperity, nutrition and physical

activity

Questionnaire Children I

Personal questions, Food Frequency Questionnaire (FFQ),
meal frequency, subjective body sensation, family prosperity,

tobacco consumption

Questionnaire Parents

Personal questions, Food Frequency Questionnaire (FFQ)
(child), meal frequency (child), nutrient supplements (child),
education and employment, education and employment of the

partner, Contaminants Monitoring®

Questionnaire Adults and Elderly

Personal questions, education and employment, diseases,

subjective health status, nutrient supplements, tobacco

consumption, International Physical Activity Questionnaire
(IPAQ), Food Frequency Questionnaire (FFQ), Contaminants

Monitoring*

3-day food records Children

Energy and nutrient intake, intake in food groups

Two 24-hours-Recalls Adults and

Elderly

Energy and nutrient intake, intake in food groups

Photometric measurement (Vitros) in

urine

Creatinine

! The contaminants monitoring contained questions regarding place of work, place of residence, leisure time and

additional questions about personal health.
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The intake of food and beverages was surveyed in the groups of Children | and Il by
three consecutive daily food intake records and in the groups of Adults and Elderly
People by two non-consecutive 24-h recalls. The first 24-h recall was surveyed with the
assistance of experts and the second recall was surveyed after ca. 2 weeks by
telephone. For the evaluation of portion sizes, a special photo book was used.
(Elmadfa et al., 2012)

Laboratory parameters and health indicators were analysed by the IfEW. Creatinine
levels were measured using the Jaffe-method. The analysis of haematograms was
performed with a haematogram automat (Melet Schloesing MS4s, Osny, France).
Several parameters (e.g. haematocrit) were calculated based on analysed leucocytes,
eosinophil granulocytes, erythrocytes, haemoglobin and mean cell volumes (MCV).
HDL, LDL, triglycerides, bilirubin, total protein, albumin and uric acid were measured
photometrically in plasma by a Vitros 250 autoanalyser. (Elmadfa et al., 2012)
Analysed and calculated parameters were provided by the IfEW by Excel data files and

SPSS data files, respectively.

2.2 STUDY POPULATION

The recruitment of children occurred in several schools in various federal states. Adults
and elderly people were recruited by the IfEW via companies, clubs, municipal offices
and retirement homes. The participants received written information about the study
and potential risks. Written consent of the participants was collected and archived. In
the case of children not of full age, additional written information and the consent of

parents or legal guardians was delivered. (Elmadfa et al., 2012)

An overview of surveyed participants is given in Table 21. The total study population is
categorised into four groups: Children | (aged 6-8 years; 1% and 2" education level),
Children 1l (aged 7-15; 3" to 8" education level), Adults (aged 18-65 years) and Elderly
People (aged 64-81). Detailed information on the study population and the study
population groups is given for phthalate analysis in Chapter 3.1.1 and for BPA analysis
in Chapter 3.2.1. Overlaps in age exist among the study population groups of Children |
and Children Il, because recruitment of children was performed in relation to the
specific levels of education. Among Adults and Elderly People, one overlap in age also
exists. The reason for this is that one participant at the age of 64 years was surveyed
within the group of Elderly People, which received a slightly different questionnaire.

Therefore, the allocation to the group of Adults was not possible in this one case.
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2.3 ANALYTICAL METHODS

Urine samples were collected by the IfEW between 2010 and 2012 and were
transmitted to the Environment Agency Austria (EAA) in aluminium bottles and glass
tubes provided by the IfFEW. The samples were labelled with specific laboratory codes
for identification. Until the measurement of phthalate metabolites and BPA could take
place, the urine samples were stored in the EAA’s laboratory at -20°C. Additionally,
data collected by the IFEW (cf. Table 22) were provided to the EEA in the form of Excel
and SPSS data files, respectively. Before analysis, available samples and data were
elicited. For the analysis of phthalate metabolites, the available urine samples were
separated into blocks of approximately 45 samples each, which were measured
sequentially. The allocation of the samples to the different blocks occurred according to
a prioritisation: samples with completely or nearly completely available data provided
from questionnaires were measured first, except for samples from the study population
groups Children | and Elderly People, since these were measured completely at the
beginning of the procedure due to their small sample sizes. Each block was analysed
in two batches. BPA analysis occurred in relation to sorted samples, with each batch
including 50 samples.

The analysis of urinary phthalate metabolites occurred between June and December
2012 by HPLC-MS/MS, and that of BPA between July and September 2013 by on-line-
SPE-HPLC-MS/MS. Samples stored in aluminium bottles were preferred for analysis,
whereas samples from glass tubes were only used in the event of missing aluminium
bottles. Urine samples were unfrozen before sample preparation and were frozen again
immediately after the sample preparation at -20°C in the EEA’s laboratory. For
phthalate metabolite analysis, samples were analysed undiluted and in a 1+4-dilution.
For BPA analysis, each sample was measured singularly after scission by [-
glucuronidase. If urinary total BPA levels in samples were >10 ng/ml, they were
double-checked by an additional measurement without scission by glucuronidase, in

order to exclude potential contaminations of the samples.

The evaluation of analysis results was performed with the software Analyst version
1.6.1 (AB SCIEX).
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2.3.1 Phthalate metabolite analysis

Phthalate metabolites were analysed with an implemented accredited analytical
method which has been proven by several inter-laboratory comparison tests.

Urine samples were mixed with a sodium acetate buffer and isotope *C- and D,-
labelled internal standard, respectively, and were enzymatically hydrolysed by -
glucuronidase during incubation for >12h at 37°C. Further, samples were centrifuged in
order to eliminate potential depositions, and injected into the high-performance liquid
chromatography (HPLC) system, at which point separation occurred. The detection
was performed by 4000 QTRAP tandem-mass spectrometry through specific mass
disintegration in electrospray (ESI) negative mode, and the quantification by multiple
reaction monitoring (MRM) mode.

Calibration curves were obtained using standard solutions of different known phthalate
metabolite concentrations, and two standards (low and high concentration,
respectively) were analysed after every four urine samples within a sequence. For
controls, samples spiked with a native (external) standard were analysed twice in each
sequence. Labelled internal standards, calibration standards, and native standards
were standard mixes containing each analysed phthalate metabolite.

2.3.1.1 Equipment, reagents and chemicals

Reagents and chemicals, as well as equipment used for phthalate metabolites analysis
are listed in Table 23 and Table 24:

Table 23. Reagents and chemicals used for phthalate metabolite analysis

Reagents and chemicals Manufacturer CAS No.

Water Optigrade for HPLC (H20) Promochem, LGC Standards GmbH 7732-18-5
(Wesel, Germany)

Acetonitrile (ACN) Promochem, LGC Standards GmbH 75-05-8
(Wesel, Germany)

Sodium acetate trinydrate extra pure Merck (Darmstadt, Germany) 6131-90-4

(CH3COONa * 3 H20)

B-Glucuronidase H-5 from Helix pomatia Sigma-Aldrich, Co. (Missouri, USA) 9001-45-0

Acetic acid glacial 98-100% (HAc) Merck (Darmstadt, Germany) 64-19-7

Tetrahydrofuran for chromatography (THF) Merck (Darmstadt, Germany) 109-99-9
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Table 24. Equipment used for phthalate metabolite analysis

Equipment

Manufacturer

Pipettes

Centrifuge tubes

Vortex

pH meter

Autosampler
vials and caps

HPLC

MS detector

Analytical column

Water bath

Centrifuge

Eppendorf Reference 2-20 pl, 50-200 pl, and
100-1000 pl

15 ml, 120x17 mm, PP
Vibrofix VF 1 Electronic

Sonorex

1.5 ml, winding 8-425; 32x11.6 mm, brown glass;

caps 0.1 ml microinsert/ 15 mm
Caps: Screw Caps N9

Agilent Technologies 1290 Infinity Series (pump,
autosampler, thermostatted column
compartment, degasser)

AB Applied Biosystems MDS SCIEX 4000 Q
TRAP LC/MS/MS System

Kinetex 2.6 p Phenyl-Hexyl 100A, LC Column
100x4.6 mm

Type 1086

Type 3-18K

Eppendorf (Hamburg, Germany)

Sarstedt (NUmbrecht, Germany)

IKA GmbH & Co. KG (Staufen im
Breisgau, Germany)

Bandelin GmbH (Berlin,
Germany)

Markus Bruckner Analysetechnik
(Linz, Austria)

Caps: Macherey-Nagel GmbH &
Co.KG (Duren, Germany)

Agilent Technologies (Santa
Clara, CA, USA)

AB Sciex Technologies
(Framingham, MA, USA)

Phenomenex (California, USA)

Gesellschaft fir Labortechnik
GmbH (Burgwedel, Germany)

Sigma (Osterode am Harz,
Germany)

2.3.1.2 Standards and solutions

Internal standard

For the preparation of the internal standard, **C- and D,-labelled phthalate metabolites
(stock solutions) were used (Table 25). The concentrations of the stock solutions
amount to 0.1 mg/ml. 10 pl of each stock solution were mixed with 370 pul ACN to a

final volume of 0.5 ml and a final concentration of 2.0 pg/ml.

Native (external) standard

For the preparation of the external standard, native phthalate metabolites were used as
listed in Table 26. The concentration of each single stock solution amounted to 0.1
mg/ml, except for the MBzP stock solution, which had a concentration of 0.989 mg/ml.
20 pl of each stock solution and 2.0 pl of the MBzP stock solution were mixed with 718

pl THF/ACN (1+4) solution to a final volume of 1.0 ml and a final concentration of 2.0

pg/ml.
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Table 25. Internal Standard stock solutions used for phthalate metabolite analysis

Manufacturer /

Stock solution Reference Number

Monomethyl phthalate-3,4,5,6-D4 / MMP-D4
Mono-iso-butyl phthalate-3,4,5,6-D4 /MiBP-D4
Mono-benzyl phthalate-3,4,5,6-D4 / MBzP-D4

CDN Isotopes / D-7298
CDN Isotopes / D-7079
CDN Isotopes / D-7208

Monoethyl phthalate (Ring-1,2-*C,,Dicarboxyl-*3C, 99%) - MEP -C13

Mono-n-butyl phthalate (Ring-1,2- Ring-1,2-*3C;,Dicarboxyl-*C,, 99%) -
MnBP -C13

Mono-cyclohexyl phthalate (Ring-1,2-"*C,,Dicarboxyl-*C2, 99%) —-MCHP —
C13

Mono-n-octyl phthalate (Ring-1,2-*C,,Dicarboxyl-**C, 99%) — MnOP —C13
Mono-isononyl phthalate (Ring-1,2-**C2,Dicarboxyl-*>Cs, 99%) — MiNP —C13

Mono(2-ethylhexyl)phthalate (Ring-1,2-**C»,Dicarboxyl-**C, 99%) — MEHP —
C13

Mono(2-ethyl-5-hydroxyhexyl)phthalate-C13 (**C4, 99%) — 5-OH-MEHP —
c13

Mono(3-carboxypropyl)phthalate (Ring-1,2-*3C,,Dicarboxyl->C,, 99%) —3cx-
MPP —-C13

Mono-(5-carboxy-2-ethylpentyl)phthalate (**Ca, 99%) — 5cx-MEPP —C13
Mono-(2-ethyl-5-oxohexyl)phthalate (**Ca4, 99%) — 50x0-MEHP —C13

CIL / CLM-4586-1.2
CIL / CLM-4590-1.2

CIL / CLM-4592-1.2

CIL / CLM-4589-1.2
CIL / CLM-4587-1.2
CIL / CLM-4584-1.2

CIL / CLM-6641-1.2

CIL / CLM-6847-1.2

CIL / CLM-8148-1.2
CIL / CLM-6640-1.2

Abbreviation: CIL, Cambridge Isotope Laboratories, Inc.

Table 26. External Standard stock solutions used for phthalate metabolite analysis

Stock solution

Manufacturer /
Reference Number

Mono-butylbenzyl phthalate / MBzP

Mono-methyl phthalate / MMP

Mono-ethyl phthalate / MEP

Mono-n-butyl phthalate / MnBP

Mono-isobutyl phthalate / MiBP

Mono-n-pentyl phthalate / MnPeP
Mono(2-ethylhexyl) phthalate / MEHP
Mono-cyclohexyl phthalate / MCHP

Mono-n-octyl phthalate / MnOP
Mono-(2-ethyl-5-hydroxyhexyl)phthalate (DEHP Metabolite 1X) / 50H-MEHP
Mono-(2-ethyl-50xohexyl)phthalate / 50xo-MEHP
Mono-(5-carboxy-2-ethylpentyl)phthalate / 5cx-MEPP
Mono-isononyl phthalate / MiNP

Mono-isodecyl phthalate / MiDP
Mono(3-carboxypropyl)phthalate / 3cx-MPP

Chiron / 3808.15-K-MX
CIL / ULM-6697-1.2
CIL / ULM-4585-1.2
CIL / ULM-6148-1.2
CIL / ULM-7919-1.2
CIL / ULM-7393-1.2
CIL / ULM-4583-1.2
CIL / ULM-7394-1.2
CIL / ULM-4593-1.2
CIL / ULM-4662-1.2
CIL / ULM-4663-1.2

CIL / ULM-8149-S
CIL / ULM-4651-1.2
CIL / ULM-4652-1.2
CIL / ULM-6848-1.2

Abbreviations: CIL, Cambridge Isotope Laboratories, Inc.
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Calibration standards

For the preparation of calibration standards (Table 27), different volumes of buffer:H,O
(1+4), external standard (in ACN/THF, concentration 2 pg/mL), and internal standard
were mixed in glass vials. Prepared standard concentrations were 0.0 ng/ml, 0.3 ng/ml,
0.4 ng/ml, 0.6 ng/ml, 0.8 ng/ml, 1.0 ng/ml, 2.0 ng/ml, 4.0 ng/ml, 10 ng/ml, 20 ng/ml, 50
ng/ml, and 100 ng/ml. Three standards at different concentrations were measured after
a series of 4 samples (two undiluted and two corresponding diluted).

Table 27. Preparation of calibration standards (Phthalates)

Stock solutions [ul] Calibration Buffer/H,O (1+4) Final ¢ [ng/ml]
standard [un
20 ng/ml* [pl]

Internal standard External standard

(c=2000 ng/ml) (c=2000 ng/ml)
10 50 950 100
10 25 975 50
10 10 990 20
10 5 995 10
10 2 998 4.0
10 100 900 2.0
10 50 950 1.0
10 40 960 0.8
10 30 970 0.6
10 20 980 0.4
10 15 985 0.3
10 0 1000 0.0

! An additional calibration standard at a concentration of 20 ng/ml was used for the preparation of calibration standards
of 0.3-2.0 ng/ml final concentration.

Sodium Acetate Buffer (0.1M, pH 5.5)

3.4 g sodium acetate (NaAc, molecular weight 136.08 g/mol) were dissolved in 150 ml
H,O, HAc was added until a pH of 5.5 was achieved (measurement with pH meter),
and H,O was added until a final volume of 250 ml as achieved.

B-glucuronidase

B-glucuronidase H-5 from Helix pomatia was used as an enzyme (17.000 units/ml). For
preparation, 29.7 mg dry glucuronidase (572.400 units/g) were weighed out and
dissolved in 1 ml of sodium acetate buffer (0.1 M, pH 5.5).
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Eluents

For phthalate metabolites analysis, the following eluents were used:

— Eluent A: ACN/H,O (9+1), 1% HAc
— Eluent B: H,O/ACN (9+1), 1% HAc

For the preparation of eluent A, 900 ml acetonitrile (ACN), 100 ml water optigrade for
HPLC (H,0), and 10 ml acetic acid (HAc) were mixed in 1000 ml glass bottles, and 100
ml ACN, 900 ml H,O, and 10 ml HAc for the preparation of eluent B.

2.3.1.3 Sample preparation

Depending on the available analysis time in the laboratory, one or two sequences
(batches) of urine samples were refrozen per measurement day. For sample
preparation (Table 29) 200 ul sodium acetate buffer, 10 ul internal standard, 10 pl B-
glucuronidase and 800 pl urine sample were mixed in a centrifuge tube labelled with
the corresponding laboratory code. In each sequence, two blanks were measured
(1+4-diluted and undiluted, respectively), which were prepared in the same way as the
samples, but H20 was used instead of urine. Additionally, controls were analysed in
each sequence. Prepared samples and blanks were incubated in a water bath at 37°C
for >12h, and further centrifuged for 30 minutes at 4700 rotations per minute at 10°C.
Samples, blanks and controls were filled in insert glass vials undiluted and 1+4-diluted
with final volumes of 350 pL and 250 L, respectively, and analysed by HPLC-MS/MS.
Analysed phthalate metabolites are shown in Table 28.

Table 28. Analysed phthalate metabolites

Parent compound Analysed parameters

DEHP (Di-2-ethylhexyl phthalate) MEHP (Mono-2-ethylhexyl phthalate)
50H-MEHP (Mono-(2-ethyl-5-hydroxyhexyl) phthalate)
5cx-MEPP (Mono-5-carboxy-2-ethylpentyl phthalate)
50x0-MEHP (Mono-2-ethyl-5-oxohexyl phthalate)

DEP (Diethyl phthalate) MEP (Monoethyl phthalate)

DiBP (Di-isobutyl phthalate) MiBP (Mono-isobutyl phthalate)

DnBP (Di-n-butyl phthalate) MnBP (Mono-n-butyl phthalate)

BBzP (Butyl benzyl phthalate) MBzP (Mono-benzyl phthalate)

DCHP (Di-cyclohexyl phthalate) MCHP (Mono-cyclohexyl phthalate)

DnOP (Di-n-ocytl phthalate) MnOP (Mono-n-octyl phthalate)

DiNP (Di-isononyl phthalate) MiNP (Mono-isononyl phthalate)

DiDP (Di-isodecyl phthalate) MiDP (Mono-isodecyl! phthalate)

DnPeP (Di-n-pentyl phthalate) MnPeP (Mono-n-pentyl phthalate)

DnBP, DnOP, and DiNP* 3cx-MPP (3-carboxy-mono-propyl phthalate)

! 3cx-MPP is the metabolite of several phthalates. Conclusion of origin is not possible.
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Table 29. Schedule of phthalate metabolite measurement

Sample preparation (in Eppendorf centrifuge tubes)

Pipetting scheme
200 pl Sodium Acetate Buffer
10 pl Internal Standard
Urine samples
10 pl B-Glucuronidase

800 pl Urine Sample

200 pl Sodium Acetate Buffer

10 pl Internal Standard

Blank
10 ul B-Glucuronidase
800 pl HPLC-water
200 pl Sodium Acetate Buffer
10 pl Internal Standard
Control

10 pl External Standard
800 pl HPLC-water
Further treatment
Vortex
Incubation (water bath, 37°C, 100 moves/min overnight)
Centrifugation (30 min, 4700 circulations/min,10°C)
Preparation in insert glass vials: 1+4 dilution and undiluted

Vortex

Analysis (HPLC-MS/MS)
Eluents A: ACN/H20 (9+1), 1% HAc
B: H,O/ACN (9+1), 1% HAc

Evaluation

AB SCIEX Analyst Software Version 1.6.1

Estimation

2.3.1.4 Quality control

In each sequence containing approximately 23 samples, two controls were measured
in the same way than the samples, 1+4-diluted and undiluted. The preparation
procedure of controls is described above. Analysed phthalate metabolite
concentrations of controls were recorded in control charts which are shown in Appendix

D. Index values (statistical means) and the one-, two- and threefold standard deviation
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(+/- SD) as tolerance ranges are marked in the control charts. For phthalate
metabolites analysis, the relative standard deviations (RSDs) ranged between 10.8 and
19.8% and the mean relative recoveries between 94.6 and 115.8% in dependence on
the specific substance (between-day imprecision and accuracy).

2.3.1.5 HPLC-MS/MS analysis
Instrumental conditions
MRM transitions as well as instrumental conditions of HPLC-MS/MS analysis of

phthalates are shown in Table 30 and Table 31, respectively:

Table 30. MRM transitions and conditions for phthalate metabolite analysis

Substance Precursor Fragment Dwell Declustering Collision Collision Cell

[Da] [Da] time Potential (DP) Energy (CE) Exit Potential

[msec] [Volt] [Volt] (CXP) [Volt]
MEP 192.988 77.000 30 -40.000 -40.000 -13.000
MEP-*C 196.935 79.000 30 -45.000 -24.000 -5.000
5cx-MEPP 307.043 159.000 30 -50.000 -18.000 -7.000
5cx-MEPP-C 311.044 158.900 30 -50.000 -18.000 -13.000
50x0-MEHP 290.975 129.900 30 -60.000 -26.000 -7.000
50x0-MEHP-*C  295.007 123.900 30 -60.000 -26.000 -9.000
MCHP 247.001 96.900 30 -55.000 -22.000 -5.000
MCHP-*C 251.001 79.000 30 -55.000 -22.000 -5.000
MEHP 276.966 133.800 30 -60.000 -22.000 -9.000
MEHP-C 281.040 136.800 30 -65.000 -22.000 -11.000
MnBP 220.922 76.900 30 -50.000 -26.000 -3.000
MnBP-*C 224.948 79.000 30 -55.000 -24.000 -5.000
MnOP 276.989 126.900 30 -60.000 -24.000 -7.000
MnOP-**C 281.052 126.800 30 -70.000 -24.000 -9.000
MnPeP 234.996 77.000 30 -45.000 -28.000 -5.000
50H-MEHP 293.052 120.900 30 -50.000 -26.000 -9.000
50H-MEHP-*C 297.043 123.800 30 -60.000 -26.000 -7.000
3cx-MPP 250.922 102.900 30 -55.000 -12.000 -7.000
3cx-MPP-C 255.073 103.000 30 -55.000 -12.000 -5.000
MiNP 291.000 142.900 30 -60.000 -20.000 -5.000
MINP-*C 295.100 123.900 30 -60.000 -20.000 -5.000
MiDP 305.100 154.900 30 -55.000 -26.000 -5.000
MBzP 255.053 183.000 30 -55.000 -18.000 -11.000
MBzP-D, 258.920 167.000 30 -55.000 -18.000 -11.000
MiBP 221.033 133.600 30 -55.000 -18.000 -9.000

MiBP-D4 224.947 138.000 30 -55.000 -18.000 -9.000
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Table 31. Instrumental conditions (HPLC-MS/MS) for phthalate metabolite analysis

HPLC conditions

Column Kinetex 100x2.1 mm, 6 4, PN 00DF-4495-AN, SN 606226-2
Injection Volume 10 ul
Column Oven Temperature 30°C

MS conditions

Scan type MRM
Polarity Negative
Curtain Gas (CUR) 30
Collision Gas (CAD) High

lon Spray Voltage (IS) -4000
Temperature (TEM) 300

lon Source Gas 1 (GS1) 60

lon Source Gas 2 (GS2) 60
Gradient

The gradient used for phthalate metabolites analysis is given and Table 32, as well as
in Figure 13. The total time of one run was 7.5 min. The mobile phase consists of

variable composition of eluents (A%, B%) during the run.

Table 32. HPLC-MS/MS gradient for phthalate metabolite analysis

Total Time [min] Flow rate Eluent A [%] Eluent B [%]
[Hl/min] (ACN/H20 (9+1), 1% HAC) (H2O/ACN (9+1), 1% HAC)
0.00 400 30 70
1.00 400 30 70
3.00 400 50 50
4.00 400 100 0
4.50 400 100 0
6.00 400 30 70
7.50 400 30 70

LC-MS/MS Gradient Phthalate Metabolites

120

100
g 80 /_\
u—j 60 — A%
C\ 40 J L B‘y
20 °
0
0 1 3 4 4,5 6 7,5 |
Time [min] |

Abbreviations: A%, percentage of eluent A; B%, percentage of eluent B

Figure 13. HPLC-MS/MS gradient for phthalate metabolite analysis
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Analysis

Before the start of phthalate metabolite analysis, the HPLC-system was purged for 7
minutes with an eluent composition of 95% eluent A and 5% eluent B, and for a further
7 minutes with a composition of 5% eluent A and 95% eluent B at a flow of 5 ml/min for
entering of pipes and capillaries, as well as to eliminate potential air bubbles. After
purging, the method was loaded to achieve the starting conditions of the gradient
(eluent A:eluent B = 30:70 %). For arriving constant pressure and vacuum, the system
was equilibrated for 1 to 3 minutes, and values were compared with values from
previous measurements. Usually, calibration standards at different concentrations were
measured several times before a sequence of urine samples was started, and
chromatograms were compared with chromatograms of corresponding calibration
standards from previous measurements to ensure sufficient sensitivity. Afterwards, the

analysis was started.

Each sequence contained approximately 23 samples (diluted and undiluted), 2 blanks,
2 controls, and the calibration standards. 3 calibration standards at different
concentrations were measured after each series of 6 samples (3 undiluted and the
corresponding diluted samples). An example of a sequence is shown in Figure 14.

2.3.1.6 Evaluation

The preparation of analysis, the analysis itself and the evaluation were all performed
with the AB Sciex software Analyst Version 1.6.1. Chromatograms derived from
measurements were (re)integrated, and metabolite concentrations were quantitated in
Analyst. For each sequence for several phthalate metabolites, calibration curves were
generated based on analysed internal standards at different concentrations (Figure 15)
by quadratic regression whereat concentrations were weighted 1/x. Further calculations
(e.g. calculation of recoveries) were performed in Microsoft Excel 2010. Values below
the limit of detection (LOD) were indicated as n.d. (not detectable), and values between
the LOD as the lowest limit and the LOQ (limit of quantitation) as the upper limit were
indicated as <LOQ.
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Sample Name Rack Code | Rack Position| Plate Code | Plate Position | Vial Position| Data File | Inj.Volume (pl)
1| Phth, 100 ng/ml in H20/Puffer 141, 218 2012 2 Well Plates |1 “54VialPlate”| 1 2 20120821_A | 10,000
2 | Phth, 10 ng/ml in H20/Puffer 1+1, 2182012 2 Well Plates |1 *54VialPlate*|1 5 20120821_A [ 10,000
3 |Phth, 1 ng/ml in H20/Puffer 1+1, 21.8.2012 2 Well Plates |1 *54VialPlate*|1 8 20120821_A [ 10,000
4 | BW Box 6 (21.5.2012), 1+4 | [ 2 Well Plates |1 *54VialPlate*|1 13 20120821_A [ 10,000
5 | BW Box 6 (21 8 2012) | Blanks | 2 Well Plates |1 “54VialPlate”|1 14 20120821_A | 10,000
5 |KS (21.8.2012) T 2 Well Plates |1 *54VialPlate*|1 15 20120821_A [ 10,000
7 |KS(21.8.2012) Controls | 2 Well Plates |1 *54VialPlate*|1 16 20120821_A [ 10,000
8 | Phth, 20 ng/ml in H20/Puffer 1+1, 21.6.2012 2 Well Plates |1 “54VialPlate”|1 1 20120821_A [ 10,000
3 | Phth, 2 ng/ml in H2O/Puffer 141, 21 8 2012 2 Well Plates |1 “54VialPlate”|1 7 20120821_A | 10,000
10 | Phth, 0.6 ng/ml in H20/Puffer 11, 21.8.2012 2 Well Plates |1 *54VialPlate*|1 10 20120821_A [ 10,000
11| 1104 1969 (AS_1162) (21.6.2012), 1+4 2 Well Plates |1 *54VialPlate*|1 7 20120821_A [ 10,000
12| 1104 1970 (AS_1163) (21.8.2012), 1+4 2 Well Plates |1 *54VialPlate”|1 19 20120821_A [ 10,000
13| 1105 2746 (AS_1185) (21.8.2012), 1+4 | Samples (undiluted and 1+4-diluted) 1 21 20120821_A | 10,000
14 | 1105 2746 (AS_1185) (218.2012) | 1 22 20120821_A [ 10,000
15| 1104 1970 (AS_1163) (21.8.2012) 2 Well Plates |1 *54VialPlate*|1 20 20120821_A [ 10,000
16 | 1104 1969 (AS_1162) (21 8.2012) 2 Well Plates |1 “54VialPlate”|1 18 20120821_A | 10,000
17__| Phth, 50 ng/ml in H20/Puffer 141, 2182012 | AVialPlate”| 1 3 20120821_A | 10,000
18 | Phth, 4 ng/mlin H20/Puffer 1+1, 21.8.2012 | Calibration standards 4VialPlate*|1 [ 20120821_A [ 10,000
19| Phth, 0.4 ng/ml in H2O/Puffer 1+1, 21.8.2012 e TS T 44VialPlate*[1 11 20120821_A [ 10,000
20 | 1105 2747 (AS_1186) (21 8 2012), 1+4 2 Well Plates |1 “54VialPlate”|1 23 20120821_A | 10,000
21| 1105 2748 (AS_1187) (21 8 2012), 1+4 2 Well Plates |1 “54VialPlate”|1 25 20120821_A | 10,000
22 | 1105 2754 (AS_1193) (21.8.2012), 1+4 2 Well Plates |1 *54VialPlate*|1 27 20120821_A [ 10,000
23| 1105 2754 (AS_1193) (21.8.2012) 2 Well Plates |1 *54VialPlate*|1 28 20120821_A [ 10,000
24| 1105 2748 (AS_1187) (21 8 2012) 2 Well Plates |1 “54VialPlate”|1 2% 20120821_A | 10,000
25 | 1105 2747 (AS_1186) (21 8 2012) 2 Well Plates |1 *54VialPlate*|1 24 20120821_A [10,000
26 | Phth, 100 ng/ml in H20/Puffer 1+1, 21.8.2012 2 Well Plates |1 *54VialPlate*|1 2 20120821_A [ 10,000
27 | Phth, 10 ng/ml in H20/Puffer 1+1, 21.8.2012 2 Well Plates |1 *54VialPlate*|1 5 20120821_A [ 10,000
28 | Phth, 0.8 ng/ml in H20/Puffer 1+1, 218 2012 2 Well Plates |1 “54VialPlate”|1 E 20120821_A | 10,000
20 A4ANE 2TRR (AT A4GEY M1 R 2040 144 2 \WMall Dlatae 1 *EAVialDlata* 4 20 MA2NR24 A 40 nnn

Figure 14. Screenshot of a selected segment of a sequence as an example for phthalate metabolite

analysis with HPLC-MS/MS (Software: AB Sciex Analyst Version 1.6.1)
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Figure 15. Example of a calibration curve of MBzP (AB Sciex Analyst Version 1.6.1)
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Chromatogram of a 100 ng/ml calibration standard:

B 7ic: from Sample 1 (Phth, 100 ng/ml in K20/P uffer 1+1. 13,8 2012) of 20120813_43867_Box4_2 wif (Turvo Spray) Max. 1.1e8 ops.
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Notes: Not all of the investigated metabolites could be chromatographically separated, but were separated based on
selective mass transitions.

Figure 16. Total lon Current (TIC) chromatogram of a 100 ng/ml phthalate metabolite calibration
standard

2.3.1.7 Limits of quantitation (LOQ) and limits of detection (LOD)

The limit of detection (LOD) is the lowest measureable signal, and the limit of
guantitation (LOQ) is the lowest concentration of an analyte which can be measured
guantitatively. Table 33 shows LOQs and LODs of investigated phthalate metabolites.
Instrumental LOQs of phthalate metabolites were carried out by a basic validation by
SQS 2010 Version 1.46 according to DIN 32645. LOD is given as LOQ/2.

Urine samples have variable matrix effects. Thus, isotopically labelled standards for

almost all analytes are used to correct these effects.

2.3.1.8 Calculations

Calculations were performed in Microsoft Excel 2010 based on data derived from

Analyst.

Diluted samples were multiplied by the dilution factor of 5. Values from diluted and

undiluted samples were compared; if both values showed a variation of not more than
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30%, the mean was used as a final concentration [ng/ml], if both values showed a
variation of more than 30%, the value of the undiluted sample was chosen.

Possible blank values were subtracted from corresponding phthalate metabolite

concentrations.

The recovery of each sample was calculated with the formula:

Sample Peak Area
Mean IS Peak Area

Recovery [%] = ( ) * 100 * dilution factor

with IS being the internal standard, and the dilution factor being 5 for diluted samples

and 1 for undiluted samples.

Table 33. Limits of quantitation (LOQ) and of detection (LOD) of analysed phthalate metabolites

Substance LOQ [ug/1] LOD [pg/l]
MEP (Monoethyl phthalate) 4.92 2.46
MEHP (Mono-(2-ethylhexyl) phthalate) 1.38 0.69
50x0-MEHP (Mono-2-ethyl-5-oxohexyl phthalate) 1.12 0.56
50H-MEHP (Mono-)2-ethylhydroxyhexyl) phthalate) 1.58 0.79
5¢cx-MEPP (Mono-5-carboxy-2-ethylpentyl phthalate) 0.92 0.46
MBzP (Mono-butylbenzyl phthalate) 1.18 0.59
MnBP (Mono-n-butyl phthalate) 1.06 0.53
MiBP (Mono-isobutyl phthalate) 1.18 0.59
MnOP (Mono-n-octyl phthalate) 0.90 0.45
MCHP (Mono-cyclohexyl phthalate) 1.02 0.51
3cx-MPP (3-carboxy-2-ethylpentyl phthalate) 3.20 1.60
MINP (Mono-isononyl phthalate) 0.94 0.47
MIiDP (Mono-isodecyl phthalate) 0.94 0.47
MnPeP (Mono-n-pentyl phthalate) 1.10 0.55

Abbreviations: LOD, limit of detection; LOQ, limit of quantitation. Notes: LOD=LOQ/2

2.3.2 Bisphenol A

For the development of the analytical method for determining BPA in urine samples,
detailed information was provided from the LGL, Munich, Germany during a research
internship in March 2013. The method as well as the sample preparation was adopted
from the LGL, with some changes and modifications resulting from the use of different
analytical instruments. The provided method was published in Vélkel, Kiranoglu and
Fromme (2008).
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Urine samples, ammonium acetate buffer, and D,,-BPA labelled internal standard were
mixed in centrifuge tubes, followed by enzymatic hydrolysis by B-glucuronidase for
approximately 12h at 37°C in a water bath. Samples were centrifuged in order to
eliminate possible depositions, and were then injected into the on-line SPE-HPLC-
MS/MS system for analysis. Similar to phthalate metabolite analysis, calibration curves
were obtained by using standard solutions at different known BPA concentrations.
Each sequence contained about 50 urine samples, with two standards (low and high
concentration, respectively) measured after a series of four samples. Additionally, each
sequence contained one blank, as well as two or three controls measured at the
beginning and at the end of each sequence, or in between. For the preparation of
controls, a urine sample was spiked with BPA, aliquoted and stored at -20°C until

analysis.

Contrarily to phthalate metabolite analysis, samples were focused on a TRAP column

for BPA analysis. Therefore, a two-pump system was required.

2.3.2.1 Equipment, reagents and chemicals

Table 34 and Table 35 show reagents and chemicals, as well as equipment which were
used for the BPA analysis:

Table 34. Reagents and chemicals used for BPA analysis

Reagents and chemicals Manufacturer CAS Number

Water Optigrade for HPLC Promochem, LGC Standards GmbH 7732-18-5
(Wesel, Germany)

Water Optigrade for LC/MS Promochem, LGC Standards GmbH 7732-18-5
(Wesel, Germany)

Acetonitrile (ACN) Promochem, LGC Standards GmbH 75-05-8
(Wesel, Germany)

Ammonium acetate Merck (Darmstadt, Germany) 631-61-8

B-Glucuronidase H-5 from Helix pomatia Sigma-Aldrich, Co. (Missouri, USA) 9001-45-0

Methanol hypergrade for LC-MS (MeOH) Merck (Darmstadt, Germany) 67-56-1

Ammonia (NHz) Merck (Darmstadt, Germany) 7664-41-7
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Table 35. Equipment used for BPA analysis

Equipment

Manufacturer

Pipettes

Centrifuge tubes

Vortex
pH meter

Autosampler
vials, and caps

UPLC

HPLC

MS detector

Analytical column
TRAP column

Water bath
Centrifuge

pH meter

Eppendorf Reference 2-20 pl, 50-200 pl, and
100-1000 pl

15 ml, 120x17 mm, PP
Vibrofix VF 1 Electronic

Sonorex

1.5 ml, winding 8-425; 32x11.6 mm, brown glass;
caps 0.1 ml microinsert/ 15 mm

Caps: Screw Caps N9

Agilent Technologies 1290 Infinity Series (pump,
autosampler, thermostatted column
compartment, degasser)

Agilent Technologies 1200 Infinity Series (pump,
autosampler, thermostatted column
compartment, degasser)

AB Applied Biosystems MDS SCIEX 4000 Q
TRAP LC/MS/MS System

Luna 5u C18(2) 100A, 100 x 2.00 mm 5 micron
Oasis HLB 25 pm 2.1x20 mm

Type 1086
Type 3-18K

pH 196

Eppendorf (Hamburg, Germany)

Sarstedt (Niimbrecht, Germany)

IKA GmbH & Co. KG (Staufen im
Breisgau, Germany)

Bandelin GmbH (Berlin,
Germany)

Markus Bruckner Analysetechnik
(Linz, Austria)

Caps: Macherey-Nagel GmbH &
Co.KG (Duren, Germany)

Agilent Technologies (Santa
Clara, CA, USA)

Agilent Technologies (Santa
Clara, CA, USA)

AB Applied Biosystems
(Framingham, MA, USA)

Phenomenex (California, USA)

Waters Corporation
(Massachusetts, USA)

Gesellschaft fir Labortechnik
GmbH (Burgwedel, Germany)

Sigma (Osterode am Harz,
Germany)

WTW GmbH (Weilheim,
Germany)

2.3.2.2 Standards and solutions

Internal standar

d

Used internal standard for BPA analysis was Dis-labelled with a concentration of 1

pg/mi
Reference Number: DLM-1839).

dissolved in H,O (Manufacturer: Cambridge Isotope Laboratories, Inc.;

Native (external) standard

The used external standard had a concentration of 10 pg BPA/ml ACN (Manufacturer:
Sigma-Aldrich; Reference Number: 23 965-8).
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Calibration standards

For the preparation of BPA calibration standards (Table 36), different volumes of
ACN/H,O (1+3), external standard (10 pg/ml), and 15 ul Dig-BPA (1 pg/ml) were
transferred into glass vials. Calibration standards were prepared in concentrations of
0.0 ng/ml, 0.1 ng/ml, 0.25 ng/ml, 0.5 ng/ml, 0.75 ng/ml, 1.0 ng/ml, 2.5 ng/ml, 5.0 ng/ml,
7.5 ng/ml, 10 ng/ml, 25 ng/ml, and 50 ng/ml, with a concentration of 0.5 ng/ml being the
lowest possible for quantitation. Two standards, one with a lower and one with a higher

concentration were measured in each sequence after each series of four samples.

Table 36. Preparation of calibration standards (BPA)

Stock solutions [ul] Calibration Calibration ACN/H0O Final c
standarld 100 standard 110 (1+3) [pl] [ng/ml]
ng/ml* [u] ng/ml [ul] (final
volume:
1500 pl)
Internal External standard
standard (c=10 pg/ml)
(c=1 pg/ml)
15 7.50 1492.5 50
15 3.75 1496.25 25
15 150 1350 10
15 112.5 1387.5 7.5
15 75 1425 5.0
15 375 1462.5 25
15 15 1485 1.0
15 1125 1372.5 0.75
15 75 1410 0.50
15 375 14475 0.25
15 15 1470 0.10
15 1500 0.00

! Additional calibration standards at concentrations of 100 ng/ml and 10 ng/ml were used for the preparation of
calibration standards of 0.1 -10 ng/ml final concentration.

Ammonium Acetate Buffer

15.42 g ammonium acetate (NH4Ac, molecular weight 77.08 g/mol) were dissolved in
1000 ml H,O (0.2M, pH 6.5).

B-glucuronidase

Similar to phthalate metabolite analysis, B-glucuronidase H-5 from Helix pomatia was

used as an enzyme (17.000 units/ml). For preparation, 29.7 mg dry glucuronidase
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(572.400 units/g) were weighed in and dissolved in 1 ml of sodium acetate buffer (0.1
M, pH 5.5).

Eluents
For BPA analyses, the following eluents were used:
1290 Binary Pump (analytical pump):

— Eluent A1: MeOH
— Eluent B1: H,O + NH; (pH 8.5)

1200 Binary Pump (loading pump):

- Eluent A2: MeOH
- Eluent B2: H,O

For the preparation of eluent B1, LC/MS-H,0 was mixed with NH3 until a pH of 8.5 was

achieved.

2.3.2.3 Sample preparation

For the preparation of urine samples for analysing total BPA, 400 ul urine sample, 80 pl
ammonium acetate buffer (0.1 M, pH 6.5), 20 ul D,s-BPA as internal standard
(concentration: 1 pg/ml), and 10 pl B-glucuronidase were mixed to a final volume of 510
ul, and were incubated for 12h at 37°C in a water bath. In previous investigations, the
correct functioning of the glucuronidase at an incubation time of 12h or more has been
proven. Following incubation, 500 pul ACN were added, and the mixture was then
centrifuged for 15 minutes at 4700 rpm. 750 ul of the sample, as well as 750 ul H,0O,
were transferred into glass vials to the final volume of 1500 pl. The sample preparation
for the analysis of free BPA followed the same procedure, with the exceptions being
the addition of glucuronidase and incubation. Free BPA was only analysed if analysed
total BPA concentrations were >10 ng/ml, for the purpose of identifying possible
contaminations. Table 37 shows the detailed schedule for the sample preparation of
total BPA.
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Table 37. Sample preparation of total BPA

Sample preparation (in Eppendorf centrifuge tubes) — Total BPA

Pipetting scheme

80 pl Ammonium Acetate Buffer
] 20 pl BPA-D6 (internal standard)
Urine samples
10 pl B-Glucuronidase

400 pl Urine Sample

80 pl Ammonium Acetate Buffer

20 pl BPA-Ds¢ (internal standard)
Blank

10 pl B-Glucuronidase

400 pl HPLC-water

80 pl Ammonium Acetate Buffer
) 20 pl BPA-D16 (internal standard)
Control urine
10 pl B-Glucuronidase

400 pl Spiked Control Urine Sample

80 pl Ammonium Acetate Buffer

20 pl BPA-Ds6 (internal standard)
Control

10 pl external standard

400 pl HPLC-water

Further treatment

Vortex
Incubation (water bath, 37°C, 100 moves/min, >12 h)
Addition of 500 pl ACN
Centrifugation (15 min, 4700 circulations/min)
Preparation in glass insert vials: 750 pl sample + 750 pl H2O (final volume: 1500 pl)

Vortex

2.3.2.4 Quality control

Per sequence, two to three control urines were analysed at the beginning, the end, and
in some cases in the middle of the sequence, as well as one control standard. For
control preparation, 990 pl urine were spiked with 10 pl external BPA (10 pg/ml ACN),
aliquoted and stored in glass vials until analysis. The sample preparation of control
urines occurred in the same way as investigated urine samples. Analysed BPA
concentrations of controls were recorded similarly to phthalate metabolites in control
charts, where index values (statistical means) and tolerance ranges (one-, two-, and

threefold standard deviations (+/- SD)) are marked. Control charts of BPA analysis are
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shown in Appendix D. For between-day imprecision and accuracy, the relative standard

deviation (RSD) for BPA was 14.4% and the mean relative recovery 98.3%.

2.3.2.5 On-line SPE-HPLC-MS/MS analysis

Instrumental conditions

Table 38 and Table 39 show the instrumental conditions and transitions of on-line SPE-

HPLC-MS/MS analysis:

Table 38. Instrumental conditions (on-line SPE-HPLC-MS/MS) for BPA analysis

HPLC conditions

Column

Injection Volume

Column Oven Temperature

MS conditions

Scan type

Polarity

Curtain Gas (CUR)
Collision Gas (CAD)

lon Spray Voltage (IS)
Temperature (TEM)

lon Source Gas 1 (GS1)
lon Source Gas 2 (GS2)

Luna 5p C18
100 pl
30°C

MRM
Negative

40

High

-4000

500

50

20

Table 39. MRM transitions and conditions for BPA analysis

Substance Precursor Fragment Declustering Collision Collision Cell
[Da] [Da] Potential (DP) Energy (CE) Exit Potential
[Volt] [Volt] (CXP) [Volt]
BPA 226.994 132.800 -85.000 -34.000 -9.000
BPA-Dys 240.994 141.800 -85.000 -34.000 -9.000
Gradients

Table 40 shows the gradient of BPA analysis, which is also graphically illustrated in

Figure 17.
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On-line SPE-HPLC-MS/MS Gradient BPA
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Figure 17. On-line SPE-HPLC-MS/MS gradient for BPA analysis
Table 40. On-line SPE-HPLC-MS/MS gradient for BPA analysis
Agilent 1290 Binary Pump
Time [min] Flow [pl/min] Al [%] B1 [%]
(MeOH) (H20 + NHs)
0.0 400 40 60
0.1 400 40 60
2.1 400 40 60
5.0 400 75 25
5.1 400 85 15
7.0 400 85 15
7.1 400 100 0
12.0 400 100 0
13.0 400 40 60
15.0 400 40 60
Agilent 1200 Binary Pump
Time [min] Flow [ul/min] A2 [%] B2 [%]
(MeOH) (H20)
0.0 1000 15 85
2.0 1000 15 85
2.1 0 15 85
8.0 0 15 85
8.1 1000 15 85
11.0 1000 100 0
111 1000 15 85
15.0 1000 15 85

Column-switching on-line SPE-HPLC-MS/MS system

BPA was analysed with a column-switching on-line SPE-HPLC-MS/MS method which

requires two pumps. Thus, the binary pump of a 1200 infinity HPLC and the binary

pump of a 1290 infinity HPLC were combined. In a first step, the urine sample was
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cleaned up and BPA was focused on the TRAP column via pump 1 (1200 HPLC
pump), and further, after the switch of the columns, BPA was transferred to the
analytical column via pump 2 (1290 HPLC pump), chromatographically separated and
detected via MS/MS (Figure 18).

1)

pump 2
(analytical pump)

pump 1
(loading pump)

TRAP column

(2)

analytical column MS/MS
pump 2
(analytical pump)

pump 1
(loading pump)

(1) Loading: clean-up and enrichment of BPA via pump 1 (Agilent 1200 Binary Pump); (2) Elution: analyte transfer
onto analytical column via pump 2 (Agilent 1290 Binary Pump), chromatographic separation and detection via
mass spectrometer

Figure 18. Column-switching HPLC system (modified according to Modick et al., 2013)

Analysis

Both used HPLC pumps (1200 infinity HPLC, and 1290 infinity HPLC) were each
purged twice for 10 minutes, with an eluent composition 95% A and 5% B, and with an

eluent composition of 5% A and 95% B at flow rates of 5 ml/min for running-in of pipes
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and capillaries, and for elimination of air bubbles. After purging, the analytical method
was loaded for achieving gradient start conditions. Before analysis began, the system
was equilibrated in a manner similar to that previously described for phthalate
metabolites analysis.

In a first step (cf. Figure 18: 1), the autosampler injected 100 pl of the sample into the
system. Pump 1 (1200 HPLC pump) carried the mobile phase with a composition of
15% MeOH and 85% H,O at a flow rate of 1000 pl/min for loading the sample on the
TRAP column, which was completed after two minutes. Thereon, the 6-port valve
switched to elution position (cf. Figure 18: 2), where BPA gets back flushed from the
TRAP column to the analytical column by pump 2 (1290 UPLC pump) at a mobile
phase compaosition of 40% MeOH and 60% H,O+NHj; at a flow rate of 400 pl/min. After
between 5 and 7 minutes, the mobile phase changed to a composition of 85% MeOH
and 15% H,O+NHs. After 7 minutes, the mobile phase increased to 100% MeOH for 6
minutes. Between 13 and 15 minutes, the content of MeOH in the mobile phase
decreased to the starting conditions of 40%. The flow rate during the measurement
was consistently 400 yl/min at pump 2. After 8 minutes, the system switched back to
loading position, flushing the TRAP column with 100% MeOH at a flow rate of 1000
pl/min (pump 1). After one minute, the composition of the mobile phase changed to

15% MeOH and 85% H,O, and was kept until the end of the measurement.

2.3.2.6 Evaluation

Similar to phthalate metabolite measurement, the preparation of analysis, the analysis
itself and the evaluation were all performed with AB Sciex software Analyst (Version
1.6.1). Chromatograms derived from analysis were (re)integrated, and BPA
concentrations were quantitated with “Quantitation Wizard” in Analyst. Calibration
curves were generated based on analysed calibration standards (Figure 19). Further
calculations such as the calculation of recoveries, were performed in Excel 2010.
Values below LOD were indicated as n.d., and values between LOD as the lowest limit

and LOQ as the upper limit were indicated as <LOQ.

2.3.2.7 Limits of quantitation (LOQ) and limits of detection (LOD)

The LOQ of BPA is 2.5 ng/ml, and the LOD is 1.25 ng/ml (LOQ/2). The instrumental
LOQ for BPA was carried out by a basic validation by SQS 2010 Version 1.46
according to DIN 32645.
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Figure 19. Example of a calibration curve of BPA (AB Sciex Analyst Version 1.6.1)

"W XIC of -MFM (10 pairs): 226.004/132.800 Da 10: BFA_1 from Sample 2 (BFA 50 ng/ml ACN+HZ0 1+3_20130807) of 20130808 BFA_Box3wif (Turbo . Max. 1.824 cps]
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Figure 20. Extracted lon Chromatogram (XIC) of a 50 ng/ml BPA calibration standard

2.3.2.8 Calculations
Based on data derived from Analyst, calculations were performed in Excel 2010.

Samples were multiplied by a dilution factor 5, because 300 pl urine sample was finally

present in a volume of 1500 pl after sample preparation.
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Possible blank values were subtracted from measured BPA concentrations from the

corresponding sequence.

For the calculation of the individual recovery [%] of each sample, the mean peak area
of the internal standards of the contiguous calibration standards was divided by the
peak area of the sample and multiplied by 100:

Sample Peak Area)
*

R 0 = (
ecovery [%] = | e p

2.4 STATISTICAL METHODS

Statistical analyses were performed with the software IBM® SPSS® Statistics Version
21 and partly with Microsoft Excel 2010. Urinary phthalate metabolite and total BPA
concentrations below the limit of quantitation (LOQ) were set to LOQ/2 and
concentrations below the limit of detection (LOD) were set to O for further data
treatment. Descriptive statistics mainly involved ranges, medians, 95" percentiles and
guantiles for metric data, as well as frequencies for ordinal and nominal data. Phthalate
metabolite and BPA concentrations in urine were tested for normal distribution by
Kolmogorov-Smirnov tests whereat the majority was not normal distributed. Thus, non-
parametric tests were used. Correlations between different metric data were analysed
using Spearman’s rank correlation. Differences between groups (e.g. between study
population groups, age groups or living area) were investigated depending on the type
of data with Mann-Whitney U tests and Kruskal-Wallis tests both at 0.05 significance
level. Calculations of creatinine-adjusted metabolites, daily intakes, cumulative risk
assessment and scenario exposure estimations were performed in Excel 2010. For the
investigation of possible associations between urinary phthalate metabolite
concentrations and food intake, linear models were performed. Reference values,
which are statistically derived values based on urinary substance concentrations from a
reference population and are defined within the 95% confidence interval of the 95™

percentile of the population, were estimated with Excel 2010.

Detailed calculation procedures and used statistical tests are mentioned in the related

chapters.
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2.5 CALCULATIONS

2.5.1 Creatinine adjustment

Analyte concentrations can be affected by urine concentrations or dilution, depending
on the fluid balance. To compensate for this effect, the creatinine concentrations have
been measured in the urine samples. Creatinine (crea), as the metabolite of creatine
which is an energy store for muscles, depends on the individual renal function as well
as the lean body mass. Creatinine concentrations vary by sex, age and ethnicity.
Creatinine production increases from childhood to adulthood and decreases slowly
after the age of 65. For the correction of variations, creatinine adjustment is performed.
(Blount et al., 2000; CDC, n.r.; Cocker et al., 2011)

1 umol/l creatinine is equivalent to 0.01 mg/dl creatinine (Universitatsklinikum Ulm,
2012). Creatinine concentrations of the participants were measured by the IfEW in
mmol/l. For the estimations, creatinine concentrations were converted into mg/dl, and
the measured urinary analyte concentrations in pg/l were converted into ng/dl. The
following formula was used for the calculation:

Canalyte [ng/dl]

Ccrea—adjusted analyte/ Ocrea [lvlg/g] = Cereatinine[mg/dl]

2.5.2 Daily Intake estimation

The estimation of Daily Intakes (Dls) of phthalates is performed based on the analysed
urinary concentrations of the corresponding phthalate metabolites. In this study, Dls
were calculated based on analysed phthalate metabolite and BPA levels in urine, and
possible exceedances of acceptable exposure levels were identified. Detailed
information on the calculation parameters used and calculation procedure of DI

estimation are given in the related chapters.

2.5.3 Cumulative Risk Assessment estimation for phthalates

The group of phthalates includes a number of similar substances with varying
characteristics. Usually, chemical risk assessment does not account for combined
exposure effects, and risks can potentially be underestimated. Therefore, a cumulative
risk assessment is needed. One method is dose-addition, which uses the so-called

Hazard-Index (HI) approach for the estimation of the overall effect potential of several
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chemicals, which allows the assumption of adverse effects to human health resulting
from simultaneous exposures. (Kortenkamp and Faust, 2010; U.S. EPA, 1989) In the
present study, a cumulative risk assessment was performed for phthalates. Detailed
information on the calculation procedure can be found in Chapter 3.1.6.

2.5.4 Scenario Exposure Calculations

The ingestion of food and beverages is the main route of exposure to phthalates and
BPA. Aims of the Scenario Exposure Calculations were to estimate the potential
(theoretical) phthalate and BPA intake of the study population via various foodstuffs
separately from their analysis in urine, and to investigate possible statistical
correlations between daily intakes derived from scenario exposure calculations and
daily intakes derived from analysed phthalate metabolite and BPA concentrations in
urine. The theoretical estimation of the intake of substances via food was performed
based on surveyed food frequency questionnaires, 24-h recalls and average
concentrations of phthalates and BPA in various foodstuffs derived from a multitude of
published studies. In Chapter 3.2.6, the detailed approach, estimation procedure, and

possible limitations and results of the scenario exposure calculations are shown.

2.6 LITERATURE ANALYSIS

Literature research was undertaken between 2012 and 2014 through internet sources,
mainly via “www.google.com” and “www.ncbi.nlm.nih.gov/pubmed”. Other important
websites used were the related homepages of the European Commission and the
ECHA. Additionally, literature research was also conducted in libraries of the University
of Vienna.

Study results for the preparation of meta-analyses were provided from a multitude of
scientific studies, which were searched by means of key words in Pubmed or Google.
In the following, a short description is given of the searched study data for calculations

or comparisons:

Urinary phthalate metabolite and BPA concentrations in other study populations

For the comparison of phthalate and BPA concentrations analysed in urine of the
present study population and results of other study populations, research papers

published in several journals were used. The data collected included information on the
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study population (sample size, age and sex), time of sample collection, name of the
study (if available), analyte concentrations (ranges and medians/means in pg/l urine),
detection rates (in %), LOD or LOQ (in pg/l) and analytical method used, and were
sorted by analyte and time of sample collection separately for children and adults.

Daily phthalate and BPA intake

Daily phthalate and BPA intakes derived from various international scientific studies
were collected in order to compare them with the results of the present study.
Information on the study population (sample size, age and sex), time of sample
collection, name of the study, analyte concentrations (ranges, medians/means, and
95™ percentiles in pg/kg bw/d) and type of calculation model performed (creatinine-
based or volume-based daily intake) were collected. The data was sorted by analyte

and time of sample collection for children and adults.

Phthalate and BPA concentrations in foodstuffs

Measured phthalate and BPA concentrations in various foodstuffs published by several
studies were collected for the performance of scenario exposure calculations. The data
was collected according to the surveyed food groups based on food frequency
guestionnaires (FFQ). Analyte concentrations in various food types (ranges and
means/medians in pg/kg), sample size, type of packaging, analytical method, LOD or
LOQ (in pg/kg), collection year and production site (country) were collected.
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3 RESULTS

3.1 PHTHALATES

3.1.1 Description of the study population

Descriptions of the study population exist for both phthalate analysis and BPA analysis

(see related chapter), because in some few cases, urine samples were only analysed

for either phthalates or BPA, respectively. Table 41 to Table 44 show the descriptive

data of the groups of Children I, Children II, Adults and Elderly People.

Table 41. Data Children | (Phthalate analysis) (n=31)

All Males Females
SEX 31 (100%) 16 (52%) 15 (48%)
AGE [years] (range; mean+SD) 6-8; 7+0.5 6-8; 7£0.4 6-8; 7+£0.6
FEDERAL STATE (n=30)"?
Vienna 4 (13%) 2 (13%) 2 (13%)
Burgenland 7 (23%) 3 (20%) 4 (27%)
Lower Austria 5 (17%) 3 (20%) 2 (13%)
Styria 2 (7%) 1 (7%) 1 (7%)
Salzburg 12 (40%) 6 (40%) 6 (40%)
REGION (n=30)*?
East Austria 18 (60%) 9 (60%) 9 (60%)
West Austria 12 (40%) 6 (40%) 6 (40%)
RESIDENTIAL AREA (n=29)"*
urban 7 (24%) 3 (21%) 4 (27%)
suburban 3 (10%) 1 (7%) 2 (13%)
rural 19 (66%) 10 (72%) 9 (60%)

ANTHROPOMETRIC
CHARACTERISTICS

Bodyheight [cm] (n=31) (range; mean+SD)
Bodyweight [kg] (n=31) (range; meanSD)
WC [cm] (n=31) (range; meanSD)

HC [cm] (n=31) (range; meanSD)

AC [cm] (n=31) (range; meanSD)

WHR (n=31) (range; mean+SD)
Percentiles (n=31)"

10™-90" P (normal weight)

90"-97" P (overweight)

>97" P (adipositas)

118-141; 128+6

21-39; 28+4
50-68; 59+4
62-81; 7015
50-75; 62+6

0.77-0.96; 0.84+0.04

27 (87%)
3 (10%)
1 (3%)

120-141; 12945

23-33; 28+3
55-67; 60+4
62-80; 71+5
54-70; 62+5

0.77-0.96; 0.85+0.05

14 (87%)
2 (13%)
0 (0%)

118-141; 128+7
21-39; 28+5
50-68; 58+5
63-81; 69+5
50-75; 63+6

0.78-0.91; 0.84+0.04

13 (86%)
1 (7%)
1 (7%)

Abbreviations: AC, abdominal circumference; BMI, body mass index; HC, hip circumference; n, sample size; P, percentile; SD, standard
deviation; WC, waist circumference; WHR, waist-to-hip ratio.
Yin some cases, sample sizes differ because of missing values in the participants’ questionnaire. 2 n(female)=15; n(male)=15.
8 n(female)=15; n(male)=14. * percentiles according to Kormeyer-Hauschild et al. (2001)
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All Males Females
SEX 220 (100%) 126 (57%) 94 (43%)
AGE [years] (range; meanSD) 7-15; 1142 7-15; 1142 8-14; 1142
FEDERAL STATE (n=204)"°
Vienna 61 (30%) 33 (28%) 28 (32%)
Burgenland 56 (28%) 36 (31%) 20 (23%)
Lower Austria 27 (13%) 14 (12%) 13 (15%)
Styria 8 (4%) 3 (3%) 5 (6%)
Upper Austria 23 (11%) 13 (11%) 10 (11%)
Tyrol 29 (14%) 18 (15%) 11 (13%)
REGION (n=220)
East Austria 168 (76%) 95 (75%) 73 (78%)
West Austria 52 (24%) 31 (25%) 21 (22%)
RESIDENTIAL AREA (n=201)"*
urban 50 (25%) 25 (22%) 25 (29%)
suburban 21 (10%) 13 (11%) 8 (9%)
rural 130 (65%) 76 (67%) 54 (62%)

ANTHROPOMETRIC CHARACTERISTICS
Bodyheight [cm] (n=219)"? (range; mean+SD)
Bodyweight [kg] (n=219)"? (range; mean+SD)
WC [cm] (n=219)"? (range; mean+SD)
HC [cm] (n=219)"? (range; mean+SD)
AC [cm] (n=219)"* (range; mean+SD)

WHR (n=219)"? (range; mean+SD)
Percentiles (n=219)"**;

<3" P (distinctive underweight)
310" P (underweight)

10"-90" P (normal weight)
90™-97" P (overweight)

>97" P (adipositas)

116-187; 150+12
24-91; 45+14
49-90; 67+9

64-111; 83+10
53-106; 74+11
0.6-1.0; 0.81-0.05

4 (2%)
6 (3%)
149 (68%)
41 (18%)
19 (9%)

124-187; 150+13
24-91; 46+15
53-88; 68+9
64-111; 83+11
53-106; 74+11
0.72-1.0; 0.82+0.05

2 (2%)
2 (2%)
83 (66%)
23 (18%)
15 (12%)

116-172; 149+11
24-75; 43.3+12.1
49-90; 65+8
66-110; 82+10
54-100; 72+10
0.6-0.93; 0.79+0.05

2 (2%)
4 (4.5%)
66 (70%)
18 (19%)
4 (4.5%)

Abbreviations: AC, abdominal circumference; BMI, body mass index; HC, hip circumference; n, sample size; SD, standard deviation; WC,

waist circumference; WHR, waist-to-hip ratio.

in some cases, sample sizes differ because of missing values in the participants’ questionnaire.

% n(female)=94; n(male)=125
®n(female)=87; n(male)=117
4 n(female)=97; n(male)=114

® percentiles according to Kormeyer-Hauschild et al. (2001)

Among the study population groups Children | and Children Il, overlaps in ages exist,

because the groups consist of children of 1% to 2" education level (Children 1), and 3"

to 8" education level (Children I1), respectively.
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Table 43. Data Adults (Phthalate analysis) (n=272)

All Males Females
SEX 272 (100%) 110 (40%) 162 (60%)
AGE [years] (range; meantSD) 18-65; 39+14 18-64; 40+13 18-65; 38+14
FEDERAL STATE (n=268)"2
Vienna 27 (10%) 14 (13%) 13 (8%)
Burgenland 51 (19%) 27 (25%) 24 (15%)
Lower Austria 30 (11%) 15 (14%) 15 (9.5%)
Styria 27 (10%) 12 (11%) 15 (9.5%)
Upper Austria 13 (5%) 3 (3%) 10 (6%)
Salzburg 22 (8%) 10 (9%) 12 (8%)
Tyrol 96 (36%) 27 (25%) 69 (43%)
Vorarlberg 2 (1%) 0 (0%) 2 (1%)
REGION (n=271)*?
East Austria 138 (51%) 70 (64%) 68 (42%)
West Austria 133 (49%) 40 (36%) 93 (58%)
RESIDENTIAL AREA (n=270)**
urban 105 (39%) 49 (45%) 56 (35%)
suburban 43 (16%) 20 (18%) 23 (14%)
rural 122 (45%) 41 (37%) 81 (51%)
ANTHROPOMETRIC CHARACTERISTICS
Bodyheight [cm] (n=269)"® (range; mean+SD) 145-194; 1719 158-194; 178+7 145-182; 165+7
Bodyweight [kg] (n=269)"* (range; mean+SD) 42-123; 72+15 55-123; 83+12 42-109; 65+11
BMI [kg/m?] (n=269)"° (range; mean=SD) 16.3-39.2; 25+4 19.2-39.2; 26+4 16.3-38.9; 24+4
WC [cm] (n=260)"° (range; mean+SD) 61-120; 83+13 72-120; 9111 61-113; 7611
HC [cm] (n=269)"® (range; mean+SD) 59-128; 100£9 89-121; 103+7 59-128; 98+10
AC [cm] (n=269)"® (range; mean+SD) 66-129; 9012 75-129; 9511 66-127; 86210
WHR (n=260)"° (range; mean+SD) 0.62-1.2; 0.83+£0.09 0.75-1.0; 0.89+0.07 0.62-1.2; 0.78+0.08

Abbreviations: AC, abdominal circumference; BMI, body mass index; HC, hip circumference; n, sample size; SD, standard deviation; WC,
waist circumference; WHR, waist-to-hip ratio.

Yin some cases, sample sizes differ because of missing values in the participants’ questionnaire.

2 n(female)=160; n(male)=108

3 n(female)=161; n(male)=110

4 n(female)=160; n(male)=110

5 n(female)=160; n(male)=109

® h(female)=155; n(male)=105
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All Males Females
SEX 72 (100%) 34 (47%) 38 (53%)
AGE [years] (range; meanSD) 64-81; 715 64-81; 72+5 65-79; 71+4
FEDERAL STATE (n=72)
Vienna 15 (21%) 5 (15%) 10 (26%)
Burgenland 2 (3%) 2 (6%) 0 (0%)
Lower Austria 9 (12%) 3 (9%) 6 (16%)
Styria 7 (10%) 3 (9%) 4 (11%)
Upper Austria 6 (8%) 6 (18%) 0 (0%)
Salzburg 18 (25%) 8 (23%) 10 (26%)
Tyrol 15 (21%) 7 (20%) 8 (21%)
REGION (n=71)%?
East Austria 33 (46%) 13 (39%) 20 (53%)
West Austria 38 (54%) 20 (61%) 18 (47%)
RESIDENTIAL AREA (n=70)"*
urban 46 (66%) 19 (58%) 27 (73%)
suburban 11 (16%) 5 (15%) 6 (16%)
rural 13 (18%) 9 (27%) 4 (11%)

ANTHROPOMETRIC CHARACTERISTICS

Bodyheight [cm] (n=71)"? (range; mean%SD) 139-185; 1667 162-185; 174+6 139-176; 159+8

Bodyweight [kg] (n=71)"? (range; mean+SD)
BMI [kg/m?] (n=71)"? (range; mean+SD)

WC [cm] (n=71)"? (range; mean+SD)
HC [cm] (n=71)"?2 (range; mean+SD)
AC [cm] (n=71)"? (range; mean+SD)

54-112; 76+12
22.3-44.6; 2844
72-123; 95+11
90-162; 10611
77-129; 101+10

67-112; 81+11
22-35; 27+3
83-123; 99+10

93-162; 104+12

88-129; 102+9

54-103; 72+12
22.3-44.6; 29+5
72-122; 92+12
90-137; 107+9
77-125; 10011

WHR (n=71)"? (range; mean+SD) 0.65-1.1; 0.90+0.09  0.65-1.11; 0.95+0.08  0.74-1.0; 0.850.06

Abbreviations: AC, abdominal circumference; BMI, body mass index; HC, hip circumference; n, sample size; SD, standard deviation; WC,
waist circumference; WHR, waist-to-hip ratio.

%in some cases, sample sizes differ because of missing values in the participants’ questionnaire.

2 n(female)=38; n(male)=33

8 n(female)=37; n(male)=33
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3.1.2 Urinary phthalate metabolite concentrations

Fourteen phthalate metabolite concentrations (MEP, MEHP, 50xo-MEHP, 50H-MEHP,
5cx-MEPP, MBzP, MnBP, MiBP, MnOP, MCHP, 3cx-MPP, MiNP, MiDP and MnPeP)
were analysed in urine via HPLC-MS/MS in 2012. Detection rates (DR) differed related
to the different metabolites. Whereas metabolites such as 5o0xo-MEHP, 50H-MEHP,
5¢cx-MEPP, MBzP, MnBP, MIiBP and 3cx-MPP were found in the majority of the
samples, others such as MCHP, MiNP, DiDP, MnOP and MnPeP were detected only in
a small number of samples. For the metabolites MiNP and MiDP, which are the primary
metabolites of DINP and DIiDP, respectively, metabolism studies have shown that these
metabolites are eliminated via urine only in small concentrations because of their
further metabolism into secondary oxidised metabolites in organisms. Therefore, the
analysed primary metabolites are not accurate biomarkers for the identification of
exposure to the parent compounds. Nevertheless, they are still listed in the following

tables and figures.

Analysed urinary phthalate metabolite concentrations were additionally creatinine-
adjusted (cf. Chapter 2.5.1) for the recognition of differences in individual renal function
and body mass, as well as in sex, age and ethnicity. The levels of urinary creatinine of
each sample were provided by the IfEW who analysed creatinine concentrations

photometrically.

The phthalate metabolite concentrations that were analysed followed no normal
distribution. For comparisons between the different study population groups, medians
and 95" percentiles (P95) were used. Comparing the medians of the different
metabolites, metabolite levels generally decreased with increasing age (in children and
adults). Participants from the group of Elderly People showed slightly higher median
concentrations than those from the group of Adults. An exception was MEP, where an
increase with increasing age was identified (cf. Figure 26). Similar distributions were
shown for P95 values for MEP, as well as MEHP, MBzP and MiBP compared with
median values. In the group of Elderly People, P95 values of 50xo-MEHP were similar
to the values of children, and 5cx-MEPP exhibited the highest P95 values among this
study population group (cf. Figure 25).

In the following section, results of phthalate metabolite analysis of urine in children,
adults and elderly people (in pg/l), as well as creatinine-adjusted concentrations (in g/g)
are presented (Table 45 - Table 52). Furthermore, Figure 25 and Figure 26 contain
distributions of measured metabolites (P95 values and medians, respectively) among

all study population groups.



3.1.2.1 Children |

Table 45. Concentrations of creatinine-unadjusted urinary phthalate metabolites [pg/l] in the group

of Children I (age 6-8) (n=31)
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Phthalate Range MeantSD Median P95 DR LOD
metabolites [ug/] [g/] [g/] [ug/] [%] [ug/]
MEP n.d.-447 49.8+91.1 15.7 308 96.8 2.46
MEHP n.d.-11.2 1.8+2.7 <LOQ 10.1 58.1 0.69
50x0-MEHP  <LOQ-26.2 10.0+5.8 8.7 21.4 100 0.56
50H-MEHP  <LOQ-40.4 13.8+8.9 10.8 34.3 100 0.79
5cx-MEPP 2.3-57.4 23.5+14.2 22.6 52.5 100 0.46
MBzP n.d.-53.3 9.6+12.4 5.3 45.3 96.8 0.59
MnBP 2.0-69.6 28.1+14.9 26.5 65.0 100 0.53
MiBP 5.6-177 61.2+38.9 53.6 156 100 0.59
MnOP n.d.-<LOQ <LOQ n.d. <LOQ 12.9 0.45
MCHP n.d.-2.3 <LOQ n.d. <LOQ 3.2 0.51
3cx-MPP <LOQ-14.2 4.6+3.2 22.6 11.8 100 1.6

MiNP n.d.-12.7 <LOQ n.d. 5.1 3.2 0.47
MiDP n.d.-<LOQ <LOQ n.d. <LOQ 3.2 0.47
MnPeP n.d.-<LOQ <LOQ n.d. <LOQ 6.5 0.55

Abbreviations: DR, detection rate; LOD, limit of detection; LOQ, limit of quantitation; n, sample size; n.d., not detected,;

P95, 95" percentile; SD, standard deviation. Notes: LOD=LOQ/2.

Table 46. Concentrations of creatinine-adjusted urinary phthalate metabolites [pg/g] in the group of

Children | (age 6-8) (n=30)

Phthalate Range Mean=SD Median P95
metabolites [Hg/g] [Hg/g] [hg/g] [hg/g]
MEP n.d.-336 55.6+86.0 20.0 331
MEHP n.d.-17.4 2.9+4.4 1.3 14.5
50x0-MEHP 1.8-62.3 17.1+£14.9 12.9 60.0
50H-MEHP 2.5-994 23.8122.1 17.5 85.6
5cx-MEPP 7.1-135 39.1+31.9 30.7 133
MBzP n.d.-66.5 16.3£19.5 7.0 64.1
MnBP 6.1-516 63.2+98.1 33.0 371
MiBP 17.5-494 122+127 70.2 461
MnOP n.d.-2.3 7.6+0.52 n.d. 1.8
MCHP n.d.-1.2 <LOQ n.d. <LOQ
3cx-MPP <LOQ-40.5 7.6x£7.5 5.2 30.7
MIiNP n.d.-12.3 <LOQ n.d. 5.6
MiDP n.d.-<LOQ n.d. n.d. n.d.
MnPeP n.d.-2.3 <LOQ n.d. 1.3

Abbreviations: DR, detection rate; LOD, limit of detection; LOQ, limit of quantitation; n, sample size; n.d., not detected;
P95, 9" percentile; SD, standard deviation. Notes: LOD=LOQ/2.



107

Urinary phthalate metabolites in Children|
500
450 + -
400 -

RN W W
n o wu o W
o o o o o

« 895p

Concentration [pg/L]

-
=1
[=]

w
[=]

b .22813% .. .

R AR L F IR ELFL
FEEFFIFITTEITEST O
o)o*‘o %0\2\ ) >

[=]

Phthalate metabolites

Figure 21. Distributions of creatinine-unadjusted urinary phthalate metabolites [pg/l] in the group
of Children | (age 6-8) (n=31)

3.1.2.2 Children Il

Table 47. Concentrations of creatinine-unadjusted urinary phthalate metabolites [ug/l] in the group
of Children Il (age 7-15) (n=220)

Phthalate Range Mean+SD Median P95 DR LOD
metabolites [1g/] [ug/] [1g/] [1g/] [%] [1g/]
MEP n.d.-463 35.1+57.4 19.5 108 98.6 2.46
MEHP n.d.-20.1 2.1+£3.0 <LOQ 8.0 65.5 0.69
50x0-MEHP n.d.-57.3 6.0£7.3 3.0 19.8 99.1 0.56
50H-MEHP n.d.-80.0 8.1+10.0 4.0 274 99.1 0.79
5cx-MEPP 2.6-102 20.7£17.0 15.5 56.5 100 0.46
MBzP n.d.-57.1 5.5+8.1 2.6 20.6 94.1 0.59
MnBP n.d.-87.7 16.9+14.0 12.0 47.2 99.5 0.53
MiBP n.d.-207 47.2+39.7 35.0 131 99.5 0.59
MnOP n.d.-3.4 <LOQ n.d. <LOQ 6.4 0.45
MCHP n.d.-5.5 <LOQ n.d. 1.3 15.5 0.51
3cx-MPP n.d.-62.5 4.01£7.6 <LOQ 17.2 70.5 1.6
MiNP n.d.-5.4 <LOQ n.d. 1.7 17.7 0.47
MiDP n.d.-1.0 <LOQ n.d. <LOQ 23.6 0.47
MnPeP n.d.-4.5 <LOQ n.d. <LOQ 5.5 0.55

Abbreviations: DR, detection rate; LOD, limit of detection; LOQ, limit of quantitation; n, sample size; n.d., not detected,;
P95, 95" percentile; SD, standard deviation. Notes: LOD=LOQ/2.
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Table 48. Concentrations of creatinine-adjusted urinary phthalate metabolites [ug/g] in the group of

Children Il (age 7-15) (n=215)

Phthalate Range Mean+SD Median P95
metabolites [Hg/g] [Hg/g] [hg/g] [hg/g]
MEP n.d.-1645 40.0+117 20.7 114
MEHP n.d.-23.2 2.1+3.2 0.94 8.5
50x0-MEHP n.d.-93.9 6.8£10.2 3.3 24.8
50H-MEHP n.d.-131 63.8£115 311 213
5cx-MEPP 2.7-179 23.2£25.0 15.0 67.3
MBzP n.d.-52.9 6.01£8.4 2.5 25.7
MnBP n.d.-699 23.4£53.0 12.0 73.1
MiBP n.d.-1086 63.8+115 311 213
MnOP n.d.-3.6 <LOQ n.d. <LOQ
MCHP n.d.-6.9 <LOQ n.d. 1.2
3cx-MPP n.d.-206 5.5+19.1 <LOQ 16.9
MiNP n.d.-5.7 <LOQ n.d. 1.7
MiDP n.d.-2.2 <LOQ n.d. <LOQ
MnPeP n.d.-3.4 <LOQ n.d. <LOQ

Abbreviations: DR, detection rate; LOD, limit of detection; LOQ, limit of quantitation; n, sample size; n.d., not detected,;

P95, 95" percentile; SD, standard deviation. Notes: LOD=LOQ/2.
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Figure 22. Distributions of creatinine-unadjusted urinary phthalate metabolites [ug/l] in the group

of Children Il (age 7-15) (n=220)
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3.1.2.3 Adults

Table 49. Concentrations of creatinine-unadjusted urinary phthalate metabolites [ug/l] in the group
of Adults (age 18-65) (n=272)

Phthalate Range Mean+SD Median P95 DR LOD
metabolites [ug/I] [ug/l] [ug/I] [ug/I] (%] [ug/I]
MEP n.d.-1088 87.4+150 31.9 400 98.2 2.46
MEHP n.d.-17.2 <LOQ n.d. 3.6 36.4 0.69
50xo-MEHP n.d.-29.3 2.1+£3.0 1.2 7.9 93.0 0.56
50H-MEHP n.d.-46.6 3.1+4.6 1.8 10.7 93.8 0.79
5cx-MEPP n.d.-219 11.4+16.8 7.8 29.0 99.3 0.46
MBzP n.d.-40.2 2.6+x3.9 1.4 9.8 86.4 0.59
MnBP n.d.-73.7 12.0£12.3 7.9 40.7 99.3 0.53
MiBP n.d.-248 33.2+31.8 24.3 109 96.0 0.59
MnOP n.d.-2.0 <LOQ n.d. <LOQ 7.7 0.45
MCHP n.d.-3.5 <LOQ n.d. 1.4 35.7 0.51
3cx-MPP n.d.-188 4.0£13.3 <LOQ 19.0 58.1 1.6
MiNP n.d.-5.4 <LOQ n.d. 1.4 12.1 0.47
MiDP n.d.-0.91 <LOQ n.d. <LOQ 11.4 0.47
MnPeP n.d.-2.9 <LOQ n.d. n.d. 4.4 0.55

Abbreviations: DR, detection rate; LOD, limit of detection; LOQ, limit of quantitation; n, sample size; n.d., not detected,;
P95, 95" percentile; SD, standard deviation. Notes: LOD=LOQ/2.

Table 50. Concentrations of creatinine-adjusted urinary phthalate metabolites [ug/g] in the group of
Adults (age 18-65) (n=269)

Phthalate Range Mean+SD Median P95
metabolites [hg/g] [Hg/g] [hg/g] [Hg/g]
MEP n.d.-1276 80.9+147 28.6 335
MEHP n.d.-6.1 <LOQ+1.2 n.d. 34
50x0-MEHP n.d.-18.0 1.8£2.3 <LOQ 6.3
50H-MEHP n.d.-28.6 2.7+£3.6 1.6 9.6
5cx-MEPP n.d.-131 9.3+11.6 6.0 24.3
MBzP n.d.-33.5 2.1+£3.1 1.3 7.1
MnBP n.d.-78.4 10.7+£11.4 6.5 35.3
MiBP n.d.-497 32.4+43.3 21.2 104
MnOP n.d.-1.3 <LOQ n.d. <LOQ
MCHP n.d.-5.2 <LOQ n.d. 1.3
3cx-MPP n.d.-122 3.9+12.3 <LOQ 17.6
MiINP n.d.-44.5 <LOQ n.d. 1.2
MiDP n.d.-3.1 <LOQ n.d. <LOQ
MnPeP n.d.-2.2 <LOQ n.d. n.d.

Abbreviations: DR, detection rate; LOD, limit of detection; LOQ, limit of quantitation; n, sample size; n.d., not detected;
P95, 95" percentile; SD, standard deviation. Notes: LOD=LOQ/2.
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Figure 23. Distributions of creatinine-unadjusted urinary phthalate metabolites [ug/l] in the group

of Adults (age 18-65) (n=272)

3.1.2.4 Elderly People

Table 51. Concentrations of creatinine-unadjusted urinary phthalate metabolites [ug/l] in the group
of Elderly People (age 64-81) (n=72)

Phthalate Range Mean+SD Median P95 DR LOD
metabolites [Hg/] [hg/] [hg/] [Hg/] [%] [Hg/]
MEP n.d.-1188 170+£381 38.0 1188 98.6 2.46
MEHP n.d.-11.8 <LOQ n.d. 6.6 36.1 0.69
50x0-MEHP n.d.-55.4 4.2+8.9 1.6 20.1 93.1 0.56
50H-MEHP n.d.-76.2 6.9+12.0 3.3 311 98.6 0.79
5cx-MEPP 1.0-134 18.6+25.8 10.0 80.5 100 0.46
MBzP n.d.-16.6 2.9+4.0 1.3 12.7 81.9 0.59
MnBP n.d.-84.5 16.7+17.5 104 57.0 97.2 0.53
MiBP 2.5-152 36.3+30.7 25.7 111 100 0.59
MnOP n.d.-<LOQ <LOQ n.d. <LOQ 6.9 0.45
MCHP n.d.-1.0 <LOQ n.d. <LOQ 6.9 0.51
3cx-MPP n.d.-38.4 4.0+5.9 <LOQ 16.2 86.1 1.6
MiNP n.d.-2.4 <LOQ n.d. 0.95 15.3 0.47
MiDP nd.-1.1 <LOQ n.d. <LOQ 22.2 0.47
MnPeP n.d.-2.0 <LOQ n.d. n.d. 2.8 0.55

Abbreviations: DR, detection rate; LOD, limit of detection; LOQ, limit of quantitation; n, sample size; n.d., not detected;
P95, 95" percentile; SD, standard deviation. Notes: LOD=LOQ/2.
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Table 52. Concentrations of creatinine-adjusted urinary phthalate metabolites [pg/g] in the group of
Elderly People (age 64-81) (n=69)

Phthalate Range Mean+SD Median P95
metabolites [hg/g] [Hg/g] [hg/g] [Hg/g]
MEP n.d.-3394 2144551 317 1012
MEHP nd.-11.1 <LOQ n.d. 6.6
50x0-MEHP n.d.-52.3 3.9£7.9 1.6 17.4
50H-MEHP n.d.-71.9 6.6+£10.9 2.9 31.0
5cx-MEPP 1.8-150 18.7+26.1 9.2 71.3
MBzP n.d.-14.3 2.5£3.2 1.4 12.4
MnBP n.d.-98.4 17.0+£18.3 11.7 53.9
MiBP 4.6-241 41.1+44.8 27.3 152
MnOP n.d.-1.0 <LOQ n.d. <LOQ
MCHP n.d.- <LOQ <LOQ n.d. <LOQ
3cx-MPP n.d.-36.2 4.3+6.2 <LOQ 21.3
MiNP n.d.-5.5 <LOQ n.d. 1.0
MiDP n.d.-4.4 <LOQ n.d. 1.3
MnPeP n.d.-2.0 <LOQ n.d. n.d.

Abbreviations: DR, detection rate; LOD, limit of detection; LOQ, limit of quantitation; n, sample size; n.d., not detected,;
P95, 95" percentile; SD, standard deviation. Notes: LOD=LOGQ/2.
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Figure 24. Distributions of creatinine-unadjusted urinary phthalate metabolites [ug/l] in the group
of Elderly People (age 64-81) (n=72)



Concentration [pgfL]

P95 of urinary phthalate metabolites

m Children |

B Children Il
Adults

M Elderly people

Concentration [pgfL]

180

160

140

120

100

80

60

40 -

20

o 4

F RS SIS S E S
FFFFITITITEN T
o )

P

® Children |

B Children It
Adults

m Elderly people

ll.

&

RS

Phthalate metabolites

112

Figure 25. 95" percentiles of creatinine-unadjusted urinary phthalate metabolite concentrations
[ug/l] in the groups of Children | (n=31), Children Il (n=220), Adults (n=272) and Elderly People

(n=72)
Median phthalate metabolites
_. 60 -
< 50 .
z
c 40 1 M Children |
.
® 30 ® Children Ii
:,‘3; 20 1 Adults
e 10 -
o M Elderly people
o 0 n T - T T 1
CRALLA IS IR EL S
S @'%’%‘c & Vw@o@boﬁg\ F
<90+° (,)0\2\ <’)(' %
Phthalate metabolites

Figure 26. Median urinary creatinine-unadjusted phthalate metabolite concentrations [ug/I] in the
groups of Children | (n=31), Children Il (n=220), Adults (n=272) and Elderly People (n=72)

Among the total

study population,

statistically significant positive correlations

(Spearman correlation) between several analysed phthalate metabolites existed (Table
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53), with most of the correlations being significant at a significance level of 0.01. Thus,
participants were not solely exposed to single phthalates, but showed a generally high
phthalate exposure to nearly all investigated phthalates.

Table 53. Correlations (Spearman, two-sided) between creatinine-unadjusted phthalate metabolites
in all samples (n=595)

Spearman’s correlation coefficients

MEP  MEHP  Goxo-  OH- Scx-  MBzP  MnBP  MIBP  MnOP  MCHP  3cx-  MnPeP MNP MIiDP
MEHP  MEHP  MEPP MPP
MEP 0015 0030 0067 01297 0034 01200 0130~ 0023 0102° 0073 0010 0026 0053
MEHP -0.015 0.560" 0566 0527 0442 04717 0464 0063  0120% 0176 0139 -0.045 -0.079
50x0- 0.030 0589~ 0030~ 0.830" 0637% 0626 0477 0061 0108 0.331%  0122% 0072  0.022
MEHP
50H- 0.067 0566  0.930" 0.814*  0.626% 0627~ 0461 0055 01007 0344~ 0.123% -0062  0.000
MEHP
5cxMEPP | 0120=  0.527=  0.830% 08147 0560~ 0548 04207 0047 0107~ 0384~ 01157 0054 0070
MBzP 0.034  0.442% 0.637% 0626 0.569~ 0.626= 0444 -0.001  0.144% 0260~ 0152 -002°  -0.069
MnBP 0120% 04717 0.626" 0627~ 0548~ 0.628~ 0.715* 0035  0120% 0374 0051  -0.047 -0.045
MisP 0130= 0464~ 0477 0461~ 0420 0444~ 07157 0046  0140% 0240~ 009" 0037 0007
MnOP 0023 0063 0061 0055 0047  -0.001 0035  0.046 0046 0068 0027  -0.020 -0.054
MCHP 01020 0420% 0108  0100% 01077 04447  0120% 0149  0.048 0028 0063  -0.084° -0.167
3cxMPP | 0073 0176 03317 0344~ 0384~ 0260 03747 02407 0068 0028 0043 0017 01207
MnPeP | -0010 04139 0122 0123 0115% 0152% 0051  0.099* 0027 0063  -0.043 -0038  -0.056
MiNP 0026 0045 -0.072 -0.062 -0.054 -0.092* -0.047 -0.037 -0.020 -0.084" -0.017  -0.038 0.001
MiDP 0053 0079 0022 0000 0070 0069 0045 0007 -0054 -0.167 0129~ 0056 0001

* Correlation is significant at 0.05 level (2-tailed)
** Correlation is significant at 0.01 level (2-tailed)

3.1.3 Comparison with other study results

3.1.3.1 International studies

Phthalate exposure in different populations from several countries worldwide has been
investigated in a multitude of scientific studies conducted in recent decades. In
Appendix B.1, data on urinary phthalate metabolite concentrations provided from
different studies are illustrated (tables are not exhaustive).

Figure 27 shows the median urinary DEHP metabolite concentrations in adults from
different studies. 2cx-MMHP was analysed in some cases, but not in the present study.
Therefore, it is included in the figure for completeness without further discussion. Since
2002, the urinary levels of several DEHP metabolites have decreased in several
countries. Measured DEHP metabolite concentrations in the present study were lower
than those identified in previous studies. Median 5cx-MEPP levels in Austria (Adults:
7.8 ug/l, Elderly People: 10.0 pg/l) were similar to those found in Denmark in 2011 (8.2
pg/l). Also, among children, a decline of DEHP metabolite concentrations (except for
5¢cx-MEPP in Egypt, which is approximately twice as high) has been identified in recent
years (Figure 28). In the present study, 5cx-MEPP showed the highest urinary levels

among the DEHP metabolites analysed, which corresponds with findings from other
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studies. Compared with other results, the findings of the present study in Austrian
children from the group of Children Il (15.5 pg/l) were rather comparable to findings
from Denmark in 2011 (15.0 pg/l).

Median urinary MEP levels in different adult study populations are given in Figure 29.
Findings in Austrian adults and elderly people (32 and 38 ug/l, respectively) were
similar to those from Sweden in 2001 (35 pg/l), France in 2007 (44 pg/l) and Denmark
in 2011 (29 pg/l). The highest MEP concentrations were generally found in the USA
(1988-1994: 305 pg/l, 1996-1997: 211 ug/l, 1998-2002: 380 pg/l, 2000-2003: 145 pg/l
and 2003-2004: 208 pg/l). Similar distributions were shown for children (Figure 31):
Austrian children exhibited MEP excretion levels (Children I: 15.7 pg/l, Children 1I: 19.5
pg/l) comparable to those of Danish children (2008-2009: 16.6 pg/l, 2011: 20.0 pg/l).
The highest levels were reported in studies conducted in the USA, and were equal to

those of adults.

Median urinary MnBP concentrations in Austrian adults and elderly people were lower
than those reported in other studies (Figure 31). The highest median value was found
in Germany in 1988-2003 (112 pg/l). In the Children | group (with a median MnBP level
of 26.5 pg/l), findings were similar to results from Canada in 2007-2009 (33.1 pg/l) and
Denmark in 2011 (32.0 pg/l) (Figure 32). However, MnBP concentrations in Austrian

children were lower than levels from other countries.

Median urinary MiBP concentrations in adult populations were lower in the USA. The
highest median level was found in China in 2010 (61 pg/l). In the present study, the
groups of Adults and Elderly People exhibited higher MiBP concentrations (about 25
pg/l for both groups) than adults from the USA in 1998-2004 (6.2 pg/l), Sweden in 2001
(16.0 pg/l), Taiwan in 2001-2002 (10.3 pg/l) and Israel in 2006 (15.6 ug/l), but lower
concentrations than adult populations from Germany in 1988-2003 (34.5 ug/l), the
Netherlands in 2002-2006 (42.0 pg/l), Germany in 2005 (36.1 pg/l), France in 2007
(53.7 pg/l), China in 2010 (61.0 ug/l) and Denmark in 2011 (36 pg/l). These results lead
to the assumption that Austrian adults and elderly people were generally less exposed
to MIiBP than adults from other European countries (Figure 33). Several studies
investigating MiBP concentrations in the urine of children have been conducted in
Denmark. Median urinary MiBP levels decreased between 2006 and 2011 (Figure 34)
and the results of Austrian children from the Children | group in 2010-2011 were equal
to those published for Denmark in 2011 (54 pg/l).

Median urinary MBzP levels in Austrian adults (1.4 pg/l) and elderly people (1.3 pg/l)
were similar to those found in Germany in 2002 (1.2 pg/l) (Figure 35). Compared to
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other countries, levels were lower. The highest levels were found in the USA (1988-
1994: 21.2 pg/l, 1998-2002: 31.5 pg/l, 1999-2006: 22 pg/l, 2003-2004: 7.5 pg/l, 2004-
2009: 17.4 pg/l) and in the Netherlands in 2002-2006 (21.0 pg/l). In Austrian children,
median MBzP concentrations in urine were lower (Children I: 5.3 pg/l, Children II: 2.6
pg/l) compared to other study results, except for Egypt in 2009, where even lower
levels were reported (rural: 0.4 pg/l, urban: 2.2 pg/l). In the group of Children I, levels

were almost similar to findings from Denmark in 2011 (7.0 g/l) (Figure 36).

Median MnOP levels in the Austrian population were also similar to other findings.

Overall, detection rates were low, as were analysed concentrations.

Generally, findings (median concentrations) from population groups investigated in the
present study best fit with findings from Denmark in the same timeframe of sample
collection for most of the phthalate metabolites analysed. Summing up, median urinary
excretion levels of 5cx-MEPP and MEP in adults, and of 5cx-MEPP, MEP, MnBP,
MiBP and MBzP in children were quiet similar to Danish results.

Median DEHP metabolite concentrationsin adults and elderly people derived from different Studies
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Abbreviations: n.r., not reported. Notes: corresponding data are given in Table 134 of Appendix B.1.

References: [1] Wittassek et al. (2007b); [2] Wolff et al. (2008); [3] Hogberg et al. (2009); [4] Preuss, Koch and Angerer
(2005); [5] Ye et al. (2008); [6] Lin et al. (2011) (pregnant women); [7] Koch et al. (2003); [8] Colacino, Harris and
Schlecter (2010); [9] Fromme et al. (2007); [10] Berman et al. (2009); [11] Guo, Wu and Kannan (2011); [12]
Frederiksen et al. (2013); [13] Suzuki et al. (2012) (pregnant women); [14] Tranfo et al. (2013); [15] this study.

Figure 27. Median creatinine-unadjusted urinary DEHP metabolites concentrations (MEHP, 50H-
MEHP, 50x0-MEHP, 5¢cx-MEPP, and 2cx-MMHP) [pg/l] in different study populations of adults and
elderly people from several countries between 1988 and 2012 compared with the results of this
study
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Median DEHP metabolite concentrationsin children derived from different
studies

80 mMEHP
W 50H-MEHP
50 Soxo-MEHP

W 5cx-MEPP

Concentration [pg/fL]

Study

Notes: corresponding data are given in Table 135 of Appendix B.1. References: [1] Becker et al. (2004); [2] Becker et al.
(2009); [3] Wolff et al. (2007) (females); [4] Teitelbaum et al. (2012); [5] Frederiksen et al. (2012) (females); [6] Mieritz et

al. (2012) (males); [7] Langer et al. (2014); [8] Colacino et al. (2011) (premenstrual females); [9] Frederiksen et al.
(2013); [10] this study.

Figure 28. Median creatinine-unadjusted urinary DEHP metabolites concentrations (MEHP, 50H-
MEHP, 50x0-MEHP, and 5cx-MEPP) [ug/l] in different study populations of children from several
countries between 2001 and 2011 compared with the results of this study
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Abbreviations: n.r., not reported. Notes: corresponding data are given in Table 132 of Appendix B.1.
References: [1] Blount et al. (2000); [2] Hoppin et al. (2002); [3] Wolff et al. (2008) (pregnant women); [4] Duty et al.
(2005); [5] Hogberg et al. (2009) (females); [6] Koch et al. (2003); [7] Ye et al. (2008) (pregnant women); [8] Colacino et
al. (2010); [9] Berman et al. (2009) (pregnant women); [10] Zeman et al. (2013) (pregnant women); [11] Guo, Wu and

Kannan (2011); [12] Suzuki et al. (2012) (pregnant women); [13] Frederiksen et al. (2013) (females); [14] Tranfo et al.
(2013); [15] this study.

Figure 29. Median creatinine-unadjusted urinary MEP levels [ug/l] in different study populations of

adults and elderly people from several countries between 1988 and 2012 compared with the results
of this study
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Median MEP concentrations in children derived from different studies
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3] [4] [5] Children | [8] Children 11 [8]

Study
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Notes: corresponding data are given in Table 133 of Appendix B.1. References: [1] Wolff et al. (2007) (females); [2]
Teitelbaum et al. (2012); [3] Frederiksen et al. (2012) (females); [4] Mieritz et al. (2012) (males); [5] Langer et al. (2014);
[6] Colacino et al. (2011) (premenstrual females); [7] Frederiksen et al. (2013); [8] this study.

Figure 30. Median creatinine-unadjusted urinary MEP levels [ug/l] in different study populations of
children from several countries between 2004 and 2011 compared with the results of this study

Median MnBP concentrations in adults and Elderly People derived from different studies
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Abbreviations: GM, geometric mean; n.r., not reported. Notes: corresponding data are given in Table 136 of Appendix
B.1.

References: [1] Wittassek et al. (2007b); [2] Whyatt et al. (2012) (pregnant women; geometric mean); [3] Lin et al.
(2011) (pregnant women); [4] Suzuki et al. (2012) (pregnant women); [5] Zeman et al. (2013) (pregnant women); [6]
Saravanabhavan et al. (2013) (geometric mean); [7] Frederiksen et al. (2013) (females); [8] Tranfo et al. (2013); [9] this
study.

Figure 31. Median (or geometric mean of) creatinine-unadjusted urinary MnBP levels [pg/l] in
different study of adults and elderly people from several countries between 1988 and 2012
compared with the results of this study



118

Median MnBP concentrations on children derived from different studies
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Abbreviations: GM, geometric mean. Notes: corresponding data are given in Table 136 of Appendix B.1.

References: [1] Wolff et al. (2007) (females); [2] Becker et al. (2009); [3] Frederiksen et al. (2012) (females); [4] Mieritz
et al. (2012) (males); [5] Langer et al. (2014); [6] Saravanabhavan et al. (2013); (geometric mean); [7] Colacino et al.
(2011) (premenstrual females); [8] Frederiksen et al. (2013); [9] this study

Figure 32. Median (or geometric mean of) creatinine-unadjusted urinary MnBP levels [ug/l] in
different study populations of children from several countries between 2003 and 2011 compared
with the results of this study
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Abbreviations: GM, geometric mean. Notes: corresponding data are given in Table 137 of Appendix B.1.

References: [1] Wittassek et al. (2007); [2] Wolff et al. (2008) (pregnant women); [3] Whyatt et al. (2012) (pregnant
women; geometric mean); [4] Hogberg et al. (2009) (females); [5] Lin et al. (2011) (pregnant women); [6] Ye et al.
(2008) (pregnant women); [7] Colacino, Harris and Schlecter (2010); [8] Fromme et al. (2007); [9] Berman et al. (2009)
(pregnant women); [10] Zeman et al. (2007) (pregnant women); [11] Guo, Wu and Kannan (2011); [12] Frederiksen et
al. (2013) (females); [13] this study

Figure 33. Median (or geometric mean of) creatinine-unadjusted urinary MiBP levels [pg/l] in
different study populations of adults and elderly people from several countries between 1988 and
2012 compared with the results of this study
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Median MiBP concentrations in children derived from different studies
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Notes: corresponding data are given in Table 138 of Appendix B.1.

References: [1] Becker et al. (2009); [2] Wolff et al. (2007) (females); [3] Teitelbaum et al. (2012); [4] Frederiksen et al.
(2012) (females); [5] Mieritz et al. (2012) (males); [6] Langer et al. (2014); [7] Colacino et al. (2011); [8] Frederiksen et
al. (2013); [9] this study

Figure 34. Median creatinine-unadjusted urinary MiBP levels [ug/l] in different study populations of
children from several countries between 2003 and 2011 compared with the results of this study
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Abbreviations: GM, geometric mean; n.r., not reported. Notes: corresponding data are given in Table 140 of Appendix
B.1.

References: [1] Blount et al. (2000); [2] Wittassek et al. (2007b); [3] Wolff et al. (2008) (pregnant women); [4] Whyatt et
al. (2012) (pregnant women); [5] Duty et al. (2005) (males; geometric mean); [6] Hogberg et al. (2009) (females); [7] Lin
et al. (2011) (pregnant women); [8] Koch et al. (2003); [9] Ye et al. (2008) (pregnant women); [10] Colacino, Harris and
Schlecter (2010); [11] Braun et al. (2012) (females); [12] Fromme et al. (2007) (females; geometric mean); [13] Berman
et al. (2009) (pregnant women); [14] Zeman et al. (2013) (pregnant women); [15] Saravanabhavan et al. (2013); [16]
Suzuki et al. (2012) (pregnant women; geometric mean); [17] Tranfo et al. (2013); [18] Frederiksen et al. (2013)
(females); [19] this study

Figure 35. Median (or geometric means of) creatinine-unadjusted urinary MBzP levels [pg/l] in
different study populations of adults and elderly people from several countries between 1988 and
2011 compared with the results of this study
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Median MBzP concentrations in children derived from different studies
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Abbreviations: GM, geometric mean. Notes: corresponding data are given in Table 140 of Appendix B.1.

References: [1] Becker et al. (2009); [2] Wolff et al. (2007) (females); [3] Teitelbaum et al. (2012); [4] Frederiksen et al.
(2012) (females); [5] Mieritz et al. (2012) (males); [6] Langer et al. (2014); [7] Colacino et al. (2011); [8] Saravanabhavan
et al. (2013) (geometric mean); [9] Frederiksen et al. (2013); [10] this study

Figure 36. Median (or geometric mean of) creatinine-unadjusted urinary MBzP levels [upg/l] in
different study populations of children from several countries between 2003 and 2011 compared
with the results of this study

3.1.3.2 National studies

In 2009, the EAA conducted a Human Biomonitoring study to investigate the phthalate
exposure of male and female children (aged 6-11 years) and female adults (mean age
of 38 years). The study was published in Hohenblum and Hutter (2011), and its results
have been compared with those from the present study, with similar population groups
being chosen for the comparison. Investigated urinary phthalate metabolite
concentrations (creatinine-adjusted and creatinine-unadjusted) are shown in Table 54

for female adults and in Table 55 for male and female children.

Among female adults, results for several phthalates were very similar: median urinary
phthalate metabolite levels of MEP, MBzP, 50H-MEHP, 50xo-MEHP, MnOP, MiNP
and MIiDP were comparable (Figure 36). MCHP was not detected in any sample in
2009, whereas in 2010-2011 about 38% of the participants showed positive results.
The exposure to MiBP and MnBP was higher in the present study compared to results
from 2009. Contrarily, however, exposure to 5cx-MEPP was higher in females from the

previous study.
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Table 54. Urinary creatinine-unadjusted phthalate metabolite concentrations

(ug/1]

and

corresponding creatinine-adjusted phthalate metabolite concentrations [ug/g creatinine] among

Austrian females (mean age 38 years) from both the present study and from Hohenblum and Hutter

(2011)
Phthalate
metabolite

tinine-
E:ﬁ;;ﬂggd [ug/] Austrian females (age 37.615.2) from = Austrian females from this study (age

2009 (Hohenblum and Hutter, 2011) 38.2+14.0) from 2010-2011
Phthalate
metabolite
creatinine-adjusted
[ug/g]
n Range (median; P95) DR [%)] n Range (median; P95) DR [%0]

MEP [pg/1] 4.8-480 (38.0; 280) 100 162 n.d.-930 (39.8; 268) 99
MEP [ug/g] 3.9-437 (35.0; 165) 160 n.d.-823 (31.5; 313) 99
MBzP [ug/l] 48 n.d.-5.7 (1.6; 4.2) - 162 n.d.-40.2 (1.5; 11.5) 89
MBzP [ug/g] n.d.-6.2 (1.3; 3.6) 160 n.d.-33.5 (1.6; 8.1) 89
MCHP [ug/1] 48 n.d. 0 162 n.d.-3.5 (n.d.; 1.6) 38
MCHP [ug/g] n.d. 160 n.d.-5.2 (n.d.; 1.3) 39
MiBP [ug/l] 48 n.d.-27.0 (8.5; 22.0) % 162 n.d.-248 (24.9; 120) 95
MiBP [pg/g] n.d.-20.0 (8.0; 15.0) 160 n.d.-497 (26.0; 124) 95
MnBP [ug/l] 48 1.5-30.0 (7.0; 21.0) 100 162  <LOD-73.7 (9.1; 49.9) 100
MnBP [ug/g] 1.1-30.0 (5.6; 18.0) 160 <LOD-78.4 (8.3;41.3) 100
3cx-MPP [ug/l] 48 <LOD-26.0 (3.0; 13.0) % 161 n.d.-42.6(<LOD; 18.1) 58
3cx-MPP [ug/g] <LOD-15.0 (2.9; 11.0) 159 n.d.-111 (<LOD; 18.7) 59
MnPeP [ug/l] 48 n.d. 0 162 n.d.-1.5 (n.d.; n.d.) 3
MnPeP [ug/g] n.d. 160 n.d.-0.57 (n.d.; n.d.) 4
MEHP [ug/l] 50 n.d.-30.0 (1.2; 5.4) 64 162 n.d.-17.2 (n.d.; 4.9) 41
MEHP [pg/g] n.d.-39.0 (0.8; 5.3) 160 n.d.-6.1 (n.d.; 3.9) 41
50H-MEHP [ug/1] 50 <LOD-140 (3.0; 18.0) o8 162 n.d.-46.6 (2.0; 13.3) 94
50H-MEHP [ug/g] <LOD-183 (2.3; 10.0) 160 n.d.-28.6 (2.0; 13.5) 94
5¢cx-MEPP [ug/l] 50 4.0-810 (14.0; 147) 100 162 n.d.-122 (7.9; 31.2) 99
5¢cx-MEPP [pg/g] 3.1-1057 (12.0; 95.0) 160 n.d.-74.8 (7.2; 23.4) 99
50x0-MEHP [ug/l] 48 <LOD-67.0 (1.6; 12.0) o4 162 n.d.-29.3 (1.3; 10.0) 94
50x0-MEHP [ug/g] <LOD-87.0 (1.5; 6.1) 160 n.d.-18.0 (1.5; 7.5) 95
MnOP [ug/l] 48 n.d.-<LOD 0 162 n.d.-2.0 (n.d.; <LOD) 8
MnOP [ug/g] n.d.-<LOD 160 n.d.-1.3 (n.d.; 0.49) 9
MiNP [pg/l] 48 n.d. 0 162 n.d.-5.4 (n.d.; 1.2) 7
MiNP [pg/g] n.d. 160 n.d.-44.5 (n.d.; 0.95) 9
MiDP [ug/l] 48 n.d. 0 162  n.d.-0.64 (n.d.; <LOD) 9
MiDP [ug/g] n.d. 160 n.d.-3.1 (n.d.; <LOD) 10

Abbreviations: DR, detection rate; LOD, limit of detection; n, sample size; n.d., not detected; P95, 95" percentile.
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and

corresponding creatinine-adjusted phthalate metabolite concentrations [pg/g creatinine] among

Austrian male and female children (aged 6-11 years) from both this study and from Hohenblum and

Hutter (2011)

Phthalate
metabolite

tinine-
ﬁrnea%}z!;:d [ug/1] Austrian male and female children Austrian male and female children

(age 6-11) from 2009 (Hohenblum (age 6-11) from 2010-2011
Phthalate and Hutter, 2011)
metabolite
creatinine-adjusted
[Hg/g]
n Range (median; P95) DR [%] n Range (median; P95) DR [%0]

MEP [pg/1] a4 4.1-190 (29.0; 140) 100 165 n.d.-447 (16.9; 110.2) 98
MEP [ug/g] 3.6-340 (25.0; 212) 161 n.d.-1645 (20.7; 123) 98
MBzP [ug/l] a4 n.d.-29.0 (2.6; 8.6) 93 165 n.d.-55.8 (2.7; 30.3) 95
MBzP [ug/g] n.d.-23.0 (2.0; 9.3) 161 n.d.-66.5 (3.5; 39.5) 95
MCHP [ug/I] 4 n.d.-<LOD 0 165 n.d.-5.5 (n.d.; 0.69) 11
MCHP [pg/g] n.d.-<LOD 161 n.d.-6.9 (n.d.; 1.2) 12
MiBP [ug/] a4 n.d.-120 (12.0; 33.0) 95 165 n.d.-177 (35.2; 128.4) 99
MiBP [ug/g] n.d.-87.0 (10.0; 36.0) 161 n.d.-1086 (39.5: 337) 99
MnBP [ug/l] a4 1.5-32.0 (9.1; 22.0) 100 165 <LOD-69.6 (12.8; 46.3) 100
MnBP [ug/g] 1.1-42.0 (7.9; 25.0) 161  <LOD-699 (15.2; 115) 100
3cx-MPP [ug/l] a4 1.6-230 (7.0; 20.0) 100 165 n.d.-62.5 (1.89; 14.1) 78
3cx-MPP [ug/g] 1.8-251 (5.9; 20.0) 161 n.d.-206 (2.7; 22.6) 78
MnPeP [ug/l] a4 n.d. 0 165 n.d.-4.5 (n.d.; <LOD) 5
MnPeP [ug/g] n.d. 161 n.d.-3.3 (n.d.; <LOD) 7
MEHP [pg/I] 49 n.d.-9.6 (1.1; 4.6) 65 165 n.d.-20.1 (0.76; 7.3) 61
MEHP [pg/g] n.d.-11.1 (0.9; 7.9) 161 n.d.-17.4 (0.88; 10.8) 61
50H-MEHP [ug/l] 50 1.1-25.0 (4.6; 8.9) 100 165 n.d.-47.9 (5.2; 28.6) 99
50H-MEHP [ug/g] 0.7-27.0 (4.4; 10.0) 161 n.d.-99.4 (6.8; 43.7) 99
5¢x-MEPP [ug/l] 50 9.0-120 (33.0; 105) 100 165 2.3-102 (15.8; 57.1) 100
5¢cx-MEPP [pg/g] 6.9-120 (28.0; 83.0) 161 2.9-179 (20.3; 85.3) 100
50x0-MEHP [ug/l] a4 0.8-11.0 (2.9; 6.6) 100 165 <LOD-43.8 (3.7; 20.3) 100
50x0-MEHP [pg/g] 0.2-12.0 (2.9; 6.2) 161 <LOD-68.9 (5.5; 33.6) 100
MnOP [pg/l] a4 n.d. 0 165 n.d.-3.4 (n.d.; <LOD) 9
MnOP [ug/g] n.d. 161 n.d.-3.6 (n.d.; 0.78) 12
MiNP [pg/l] a4 n.d. 0 165 n.d.-12.7 (n.d.; 1.5) 12
MiNP [ug/g] n.d. 161 n.d.-12.3 (n.d.; 1.4) 15
MiDP [pg/l] a4 n.d. 0 165 n.d.-1.0 (n.d.; 0.68) 20
MiDP [ug/g] n.d. 161 n.d.-2.2 (n.d.; 0.82) 21

Abbreviations: DR, detection rate; LOD, limit of detection; n, sample size; n.d., not detected; P95, 95" percentile.
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Phthalate metabolite concentrations in Austrian women
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2009 [1] 38 1,6 0 8,5 7 3 0 1,2 3 14 1,6 0 0 0
2010-20111[2]| 39,8 | 1,5 0 249 | 91 0,8 0 0 2 7,9 1,3 0 0

[1] Hohenblum and Hutter (2011); [2] this study
Figure 37. Median creatinine-unadjusted urinary phthalate metabolite levels [pg/l]] in Austrian

women (mean age 38 years) from 2009 (n=48-50) compared with results from the present study
(n=161-162)

In Austrian male and female children aged 6 to 11 years (Figure 38), similar results
were identified for the phthalate metabolite MBzP. In the study from 2009, exposure to
MEP, 3cx-MPP and 5cx-MEPP was found to be higher than the levels detected in the
present study, and lower exposure in the case of MiBP and MnBP. However, it must be
considered that the sample size of the present study was more than three times larger
than that of the study conducted in 2009.

Phthalate metabolite concentrations in Austrian children
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[1] Hohenblum and Hutter (2011); [2] this study
Figure 38. Median creatinine-unadjusted urinary phthalate metabolite levels [pg/l] in Austrian male

and female children (aged 6-11 years) from 2009 (n=44-50) compared with the results of this study
(n=165)
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3.1.4 Reference values for the Austrian population

Reference values define the exposure to chemicals of a population group and are
estimated based on data from a suitable reference population (EAG, 2011).

Table 56. Data used as a basis for the derivation of reference values for urinary creatinine-
unadjusted phthalate metabolites [ug/I] of the general population of Austria

Phthalate / Phthalate Metabolite(s) (LOD) [pg/l]

Population group n Median P95 Range DR [%] CI-PP95

DEP / MEP (2.46)

6-15 years 230 19.2 112 n.d.-463 98.7 83.7-163

18-81 years 311 34.2 436 n.d.-2105 98.4 353-636
DEHP / £ 50H-MEHP (0.79) + 50x0-MEHP (0.56)

6-15 years 230 8.3 47.6 n.d.-137 99.6 45.3-55.6

18-81 years 311 3.2 21.9 n.d.-132 97.7 16.7-28.7
DEHP / £ MEHP (0.69) + 50H-MEHP (0.79) + 5cx-MEPP (0.46) + 50x0-MEHP (0.46)

6-15 years 230 26.0 100 3.5-240 100 94.0-126

18-81 years 311 12.1 50.5 n.d.-278 99.4 44.6-68.3
DEHP / 50H-MEHP (0.79)

6-15 years 230 4.8 27.6 n.d.-80.0 99.1 26.3-34.9

18-81 years 311 2.0 13.1 n.d.-76.2 95.2 10.4-16.7
DEHP / 50x0-MEHP (0.56)

6-15 years 230 3.6 19.8 n.d.-57.3 99.1 18.1-24.9

18-81 years 311 13 8.0 n.d.-55.4 94.2 7.0-12.3
DEHP / 5¢cx-MEPP (0.46)

6-15 years 230 17.0 56.6 2.3-102 100 45.6-72.7

18-81 years 311 8.3 325 n.d.-219 99.4 28.6-41.8
DnBP / MnBP (0.53)

6-15 years 230 13.3 45.4 n.d.-87.7 99.6 40.9-60.6

18-81 years 311 8.4 41.9 n.d.-84.5 98.7 33.1-52.1
DiBP / MiBP (0.59)

6-15 years 230 35.8 132 n.d.-207 99.6 126-161

18-81 years 311 24.4 108 n.d.-248 96.8 87.3-118
BBzP / MBzP (0.59)

6-15 years 230 2.7 24.8 n.d.-57.1 95.2 17.8-33.6

18-81 years 311 1.3 9.3 n.d.-40.2 85.5 7.2-11.8
DCHP / MCHP (0.51)

6-15 years 230 0.0 1.2 n.d.-5.5 135 0.64-1.6

18-81 years 311 0.0 1.2 n.d.-3.5 29.3 0.95-1.8

Abbreviations: CI-PP95, confidence interval of 95" population percentile; DR, detection rate; LOD, limit of detection; n,
sample size; n.d., not detected; P95, 95" percentile. Notes: LOD=LOQ/2.

Following the recommendations of the WHO and further of the HBM commission (EAG,
2005), only urine samples with creatinine concentrations between 0.3 and 3 g/l were

used for the derivation of reference values. Thus, for phthalates, reference values were
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calculated based on the urine samples of 230 children (aged 6-15) including 128 males
and 102 females, and of 311 adults (aged 18-81) including 133 males and 178
females. On the basis of analysed urinary phthalate metabolite concentrations, the data
used for the derivation of the reference values are shown in Table 56.

Reference values for the Austrian population based on urinary phthalate metabolites
derived from the present study are listed in Table 57. Generally, reference values for
children are approximately twice as high as values for adults in the case of almost all
phthalate metabolites, except for MnBP, MiBP and MCHP, the values for which are
more similar, and for MEP, for which adults exhibit values about four times higher than
the reference values of children.

Table 57. Reference values for the urinary metabolites of several phthalates in children and adults

in Austria
Children Adults
Phthalate Urinary phthalate metabolite(s) 6-15 years of age 18-81 years of age
2010-2011 2010-2011
DEP MEP 110 pg/l 440 pg/l
DnBP MnBP 45 pg/l 40 pgl/l
DiBP MiBP 130 g/l 110 g/
BBzP MBzP 25 g/l 10 pg/l
DEHP 2 MEHP +50H-MEHP + 5cx-MEPP + 5o0xo- 100 pg/l 50 pgl/l
MEHP 50 pg/l 20 pg/!
2 50H-MEHP + 50x0-MEHP 30 g/l 15 pgll
SOH-MEHP 20 pg/l 10 pgl/!
50x0-MEHP 60 pg/l 35 pg/l
5cx-MEPP
DCHP MCHP 1.5 pg/l 1.5 pg/l

3.1.4.1 Comparison with reference values derived from Germany

The HBM commission of the EAG has published reference values for several urinary
metabolites based on HBM studies of the German population. Compared with
reference values derived from the present study (Table 58), the German reference
values are higher. Nevertheless, it must considered that periods of sampling for the
German and Austrian populations differ, as do the age groups investigated, with

especially younger adults being used for the derivation of the reference values.

For the investigated DEHP metabolites except for 5¢cx-MEPP, reference values for

Austrian children were similar to those of the adult German population.
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Table 58. Reference values for several urinary phthalate metabolites of children and adults from

Germany and Austria

Children Adults Children  Adults
. . - - 6-15 18-81
Phthalate Urinary phthalate metabolite(s) yfe4ar1;31 éggri?z yfaars)3 )gears)s
[ug/l] [ug/l] [hg/l] [Hg/1]
DEHP 2 50H-MEHP + 50x0-MEHP 280 50 50 20
50H-MEHP 160 30 30 15
50x0-MEHP 120 20 20 10
5cx-MEPP 200 30 60 35
DnBP MnBP 300 70 45 40
DiBP MiBP 300 140 130 110
BBzP MBzP 75 15 25 10
DiNP 2 OH-MiNP + oxo-MiNP + cx-MiNP 140 60
OH-MiNP 50 20
oxo-MiNP 30 15
cX-MiNP 60 25

! from Germany, 2003-2006 (EAG, 2011)
2 from Miinster, Germany, 2006 and 2008 (EAG, 2011)
® from this study, Austria, 2010-2011

3.1.4.2 Comparison with HBM-values

The HBM-commission of the EAG has derived HBM-values for DEHP based on the
urinary metabolites 50xo-MEHP and 50H-MEHP. 40% of orally administered DEHP is
excreted via these two metabolites. The HBM-value refers to the complete urinary
excretion per day [ug/d]. The HBM-I-value for DEHP is set out at 500 ug/l for children
aged 6-13 years, 300 ug/l for females in childbearing years and 750 pg/l for males >14
years and the remaining population. No HBM-II-values have been derived. (EAG,
2007c) Additionally, no HBM-values currently exist for other phthalates.

The reference values for the Austrian population for DEHP based on the sum of the
metabolites 50H-MEHP and 50xo-MEHP are 50 ug/l for children and 20 ug/l for adults.
Thus, the derived reference values for the Austrian population are far below the HBM-I-
values (6 times lower in children and about 38 times lower in adults). Regarding the
statement of the HBM commission for reference values below the HBM-I-values, no

action is currently necessary, since adverse health effects are not expected.
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3.1.5 Daily Phthalate Intake

Through known phthalate metabolite concentrations excreted via urine, calculations of
Daily Intakes (DI) of parent compounds are possible. Calculated DIs can be compared
with existing acceptable levels of exposure (AL) such as the Tolerable Daily Intake
(TDI) or the Reference Dose (RfD). These levels are estimated concentrations of a
chemical that can be ingested daily over a lifetime without resulting in significant
human health risks (cf. EFSA, 2011 and U.S. EPA, 2012a). DIs exceeding the

acceptable levels may lead to potential health risks.

Based on analysed urinary phthalate metabolite concentrations in the present study
population, DIs were estimated for several phthalates according to two models (urinary
creatinine-based model and urinary volume-based model). Results were compared
with ALs and possible associations with different parameters, for example sex, age or

geographical distribution were also investigated.

3.1.5.1 Calculation

For the DI calculation, the knowledge of some parameters is essential. Depending on
the calculation model used (creatinine-based or volume-based), knowledge of
creatinine concentration or urine volumes excreted via urine is necessary. For the
estimation of DIs, 24h urine samples would be ideal, but in many epidemiologic studies
- especially when children are involved - only spontaneous urine samples or first
morning urine samples are available. Therefore, the single urine samples must be
extrapolated in order to reflect the metabolite excretion of an entire day. Additionally,
physical properties within the investigated population must also be considered. Thus,
reference values for the daily urinary creatinine excretion depending on bodyweight
and age, and reference values for urinary volume excretion depending on age,
bodyweight and/or sex are used for DI calculations. Another important parameter is the
molar fraction (Fyg), which is the ratio between phthalate metabolite concentration

excreted via urine and the ingested parent phthalate concentration. (Koch et al., 2007)

Based on analysed urinary phthalate metabolite concentrations, the Dls of the
respective parent phthalates were estimated according to Koch et al. (2007). The
calculation occurred in relation to two different models, whereby one model was based
on the creatinine-adjusted metabolite concentrations and reference values for

creatinine excretion, and the other model was based on volume-based metabolite
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concentrations and reference values for weight-related urine volume per day. (Koch et
al., 2007)

- Creatinine-based model (Koch et al., 2007):

Formula:
UEsum[umOI/gcrea] * CEsmoothed [g/d]
DI kgbw/d] = * Phthalate MW [g/mol
(ng/kg bw/d] Fug + bw [Kg] [g/mol]
UEsum Sum of urinary excretion: molar urinary excretion of the sum of phthalate metabolites per creatinine
CEsmoothed Smoothed creatinine excretion: Reference values for the urinary creatinine excretion based on
bodyheight and sex (children) and bodyweight (adults, elderly people)

Fue Molar fraction: Molar ratio between excreted phthalate metabolite amount in urine and the amount

of the take up of the parent phthalate
Phthalate MW Molecular weight of the parent phthalate

bw bodyweight

- Volume-based model (Koch et al., 2007):

Formula:
UE mol/l] * UV, 1/kg bw/d
DI [ug/kg bw/d] = < sum [Hmol/1] o [}/kg bw/ ]) + Phthalate MW [g/mol]

UE
UEsum Sum of urinary excretion: molar urinary excretion of the sum of phthalate metabolites per litre urine
UVrorm Urinary volume: average urinary volume per bodyweight [kg] excreted per day
Fue Molar fraction: Molar ratio between excreted phthalate metabolite amount in urine and the amount

of the take up of the parent phthalate

Phthalate MW Molecular weight of the parent phthalate

Sum of urinary excretion (UEgum):

Urinary phthalate metabolite concentrations were measured in ug/l. Therefore, the
concentrations had to be converted into umol/l by using the molecular weights of the

different phthalate metabolites.

Smoothed creatinine excretion (CEsmoothed):

For the calculation of daily phthalate intakes in children, data of 24h urinary creatinine

excretion reference values for healthy Caucasian children based on sex and
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bodyheight were provided from Remer, Neubert and Maser-Gluth (2002). For adults
and elderly people, 18 mg/kg bw/d for females and 23 mg/kg bw/d for males were used

as creatinine excretion values according to Koch, Drexler and Angerer (2003).

Reference values for daily urinary volume (UVyom):

Reference values of the daily excreted urinary volumes are shown in Table 59. The
mean urine volumes excreted per day differ according to age (Koch et al., 2007).

Table 59. Mean daily excreted urinary volumes [ml/ kg bw/d] in relation to age

Age Age Group Male Female Reference
5-7 years Children | 25 mi/kg bw/d Geigy (1983)
7-11 years Children 1l 25 mil/kg bw/d Geigy (1983)
11-14 years Children Il 19 ml/kg bw/d Geigy (1983)
>16 years Adults, Elderly 1.71d 1.61d Hays et al. (2011)

Molar fraction values (Fyg):

The molar fraction (Fyg) is defined as the molar ratio between the urinary excreted
phthalate metabolite concentration and the parent phthalate concentration that was
ingested. For the determination of the Fg, studies have been performed to investigate
the urinary concentration of a metabolite after oral administration of a known dose of
labelled phthalate standards in volunteers after 24 or 48 hours. For example, in
Anderson et al. (2001), 72.5% of an orally administrated dose of BBzP was excreted as
MBzP in urine. Therefore, the estimated Fye for BBzP is 0.725. (Koch et al., 2007)

Various studies have investigated the Fyes of several phthalates. In 1985, Schmid and
Schlatter investigated the kinetics of DEHP metabolites in two volunteers after a single
oral dose of 30 mg by analysing metabolites in urine (Schmid and Schlatter, 1985).
Anderson et al. (2001) determined the Fygs for the phthalates DnBP and BBzP after an
oral dose of labelled phthalate standards administrated to eight volunteers. They
reported a Fue for DNBP of 0.69 and a Fye for BBzP of 0.725. (Anderson et al., 2001)
Based on investigations of one volunteer, Koch et al. published Fyes of DEHP and
DINP (Koch et al., 2005; Koch, Miller and Angerer, 2007). In a study of 17 volunteers,
the kinetics of DnBP and DiBP was investigated. Published Fye for DnBP was 0.69.
The Fye of DiBP is assumed to be similar to DnBP. (Seckin, Fromme and Vélkel, 2009)
In a study by Anderson et al. (2011) of 20 volunteers (10 males and 10 females),

kinetics and Fyes were estimated for DEHP and DiNP and their primary and secondary
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metabolites in urine up to 48h post-dose. These calculated Fyes are lower compared to
previous published values, which leads to higher daily intakes after calculation.
(Anderson et al., 2011)

In the present study, daily phthalate intakes were calculated with the Fygs listed in
Table 60. Calculation of daily DEHP intakes was performed twice: with Fyes derived
from Koch et al. (2005), as well as with Fyes derived from Anderson et al. (2011). This
was done separately in order to make comparison of the results with newer and former
Fues possible, as well as to enable comparison with results from other studies making

use of different values.

Table 60. Molar fraction values (Fug) of different phthalates (time 0-24h) for the estimation of daily

phthalate intakes

Phthalate Phthalate Molecular fraction Reference
metabolite value (Fug)
DEP MEP 0.69 Koch and Angerer (2012)
DnBP MnBP 0.84 Koch et al. (2012a)
DiBP MiBP 0.70 Koch et al. (2012a)
BBzP MBzP 0.73 Anderson et al. (2001)
DEHP sum 0.669 Koch et al. (2005)
MEHP 0.059/0.062 Koch et al. (2005) /
Anderson et al. (2011)
50H-MEHP 0.233/0.149
50xo-MEHP 0.150/0.109
5cx-MEPP 0.185/0.132
2cx-MMHP 0.042 Koch and Angerer (2012)
DnOP MnOP 0.043 Koch et al. (2003)
DiNP sum 0.396 Koch and Angerer (2012)
cx-MiNP 0.091/0.099 Koch and Angerer (2012) /
Anderson et al. (2011)
OH-MINP 0.184/0.114
Oxo-MiNP 0.100/0.063
MiNP 0.021/0.03
DiDP sum 0.34 Koch and Angerer (2012)

Molecular weights:

Table 61 shows data on molecular weight of the parent compounds, and in Table 62,

the molecular weights of the phthalate metabolites where summarised.
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Table 61. Molecular weights of parent phthalates

Phthalate Molecular weight (MW) Reference
[g/mol]
DEP 222.2 U.S. EPA (2013)
DnBP 278.3 Danish EPA (2011)
DiBP 278.3 Danish EPA (2011)
DnPeP 306.4 ECHA (2013i)
BBzP 312.4 Danish EPA (2011)
DCHP 330 ECB (2000a)
DEHP 390.6 U.S. EPA (2007a)
DnOP 390.5 CERHR (2003)
DiNP approx. 420.6 ECB (2003a)
DiDP approx. 446.7 ECB (2003b)

Table 62. Molecular weights of phthalate metabolites

Phthalate Molecular weight

metabolite [g/mol] Reference

MEP 194 Wolff et al. (2010)

MiBP 222 Zeman et al. (2013)

MnBP 222 Zeman et al. (2013)
MnPeP 236 Calculation according to chemical structure shown in Figure 8
MCHP 248 www.chemicalregister.com
MBzP 258 Zeman et al. (2013)
MnOP 278 NCBI (2014)

MEHP 278 Wolff et al. (2010)
50x0-MEHP 292 EAG (2007c)

50H-MEHP 294 EAG (2007c)

5cx-MEPP 308 Zeman et al. (2013)

3.1.5.2 Acceptable levels of exposure

Acceptable levels of exposure for various phthalates are listed in Chapter 1.3.6.2.

3.1.5.3 Results

Calculated volume-based and creatinine-based DIs were compared with several
acceptable levels of exposure (the EFSA TDIs, the U.S. EPA RfDs and the RfD AAs,
respectively) to identify possible exceedances. Additionally, correlations and

differences between creatinine- and volume-based values, as well as between study
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population groups were investigated. Statistical analysis was conducted for the
purpose of identifying potential associations between DlIs and several parameters
including sex, age, various anthropometric data and regional differences.

3.1.5.3.1 Comparison with Acceptable Levels

Table 63 and Table 64 illustrate the DlIs (ranges, medians and P95 values) for several
phthalates in children, adults and elderly people calculated with the creatinine-based
model and the urinary volume-based model, respectively. In Figure 39 to Figure 53, the
Dls of the phthalates are graphically illustrated, whereby creatinine-based and volume-
based results are compared. If existent, exceedances of the respective acceptable
exposure levels are labelled in the related graphics.

Table 63. Daily Phthalate Intakes (ranges, medians, 95" percentiles) [ug/kg bw/d] estimated
according to the creatinine-based model in Austrian children, adults and elderly people

Children |
range (median; P95)

Children Il
range (median; P95)

Adults
range (median; P95)

Elderly People

[Ma/kg bw/d] range (median; P95)

Sample size (n) 30 214 267 69

DEP 0.0-10.1 (0.53; 9.9) 0.0-8.9 (0.61; 3.1) 0.0-48.7 (0.9;11.2)  0.0-130 (1.2; 37.5)

DnBP 0.15-14.7 (0.84; 0.0-18.6 (0.34; 1.8) 0.0-2.0 (0.24; 1.1) 0.0-2.6 (0.35; 1.9)
10.2)

BBzP 0.0-2.1 (0.21; 1.9) 0.0-1.3(0.08;0.77)  0.0-1.0 (0.04;0.23)  0.0-0.46 (0.05; 0.40)

DIBP 0.52-16.7 (2.3;14.2)  0.0-34.3 (1.1; 7.0) 0.0-16.0 (0.78;3.4)  0.15-8.7 (0.96; 4.9)

DEHP*? 0.39-11.2 (2.4;11.1)  0.09-15.2 (0.94;5.2)  0.0-7.5 (0.39; 1.6) 0.10-9.8 (0.62; 6.1)

DEHP*? 0.54-15.6 (3.3;15.4)  0.13-21.1(1.3;7.2)  0.0-10.4(0.53;2.2)  0.14-13.6 (0.86; 8.5)

*pased on urinary concentrations of MEHP, 50H-MEHP, 50x0-MEHP and 5cx-MEPP.
?pased on the Fyes published in Koch et al. (2005).

3based on the Fyes published in Anderson et al. (2011).

Table 64. Daily Phthalate Intakes (ranges, medians, 95" percentiles) [pg/kg bw/d] estimated

according to the volume-based model in Austrian children, adults and elderly people

Children | Children Il Adults Elderly People
[Mg/kg bw/d] range (median; P95) range (median; P95) range (median; P95) range (median; P95)
Sample size (n) 31 219 269 71

DEP

0.0-18.5 (0.65; 12.8)

0.0-14.6 (0.70; 3.5)

0.0-41.6 (1.3; 14.2)

0.0-80.3 (1.4; 40.1)

DnBP 0.07-2.6 (0.99; 2.4) 0.0-2.5 (0.40; 1.6) 0.0-2.4 (0.28; 1.4) 0.0-2.9 (0.35; 1.9)
BBzP 0.0-2.2 (0.22; 1.9) 0.0-1.8(0.09;0.78)  0.0-1.2(0.05;0.38)  0.0-0.61 (0.05; 0.46)
DiBP 0.25-7.9 (2.4; 6.9) 0.0-7.1 (1.3; 4.7) 0.0-11.6 (0.99; 4.6) 0.08-5.3 (1.0; 4.4)
DEHP? 0.19-6.6 (2.3; 5.7) 0.14-11.2 (1.1;5.0)  0.0-10.8 (0.54;2.3)  0.04-12.2 (0.66; 6.3)
DEHP™? 0.26-9.1 (3.3; 7.7) 0.19-15.5 (1.5;6.9)  0.0-14.9 (0.75;3.2)  0.06-16.9 (0.91; 8.7)

*pased on urinary concentrations of MEHP, 50H-MEHP, 50x0-MEHP and 5cx-MEPP.
?based on the Fyes published in Koch et al. (2005).

3based on the Fyes published in Anderson et al. (2011).
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DEP

DlIs of DEP were several times higher in participants of the groups of Adults and Elderly
People compared to both Children groups for both creatinine-based and volume-based

Dls. Thus, a dramatic increase of DIs existed with increasing age.

Creatinine-based DI of DEP
140 - 12 -
10 T
120
8
= 100 -
z 6
E 80 4
< 2
B 60 - *95P
= 01
O 4 4 Children | Children .
20
a T T _;_ T T 1
Children | Children Il Adults Elderly people

Figure 39. Distributions of creatinine-based daily DEP intake [pg/kg bw/d] in the groups of Children
I (n=30), Children Il (n=214), Adults (n=267) and Elderly People (n=69)
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Figure 40. Distributions of volume-based daily DEP intake [pg/kg bw/d] in the groups of Children |
(n=31), Children Il (n=219), Adults (n=269) and Elderly People (n=71)
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Figure 41. Relative cumulative frequencies [%] for creatinine-based daily DEP intakes [ug/kg bw/d]
among the groups of Children | (n=30), Children Il (n=214), Adults (n=267) and Elderly People
(n=69)

DnBP

Daily DnBP intakes decreased with increasing age among children and adults based
on volume-based DlIs. However, elderly people showed increased DIs (median, P95)

compared to the other study population groups.

Wide differences between creatinine-based and volume-based values existed,
especially among children. Highest DnBP levels were found in children for creatinine-
based DIs. An exceedance of the EFSA TDI of 10 ug/kg bw/d was found at the 95™
percentile (creatinine-based) in the group of Children | (10.2 pg/kg bw/d). One child
within the group of Children | (3.3%) as well as one child from the group of Children I
(0.47%) exceeded the TDI for creatinine-based results (14.7 and 18.6 pg/kg bw/d,

respectively). Adults and elderly people showed DI values below all ALs.
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Figure 42. Distributions of volume-based daily DnBP intake [pug/kg bw/d] in the groups of Children |
(n=31), Children Il (n=219), Adults (n=269) and Elderly People (n=71)
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Figure 43. Distributions of creatinine-based daily DnBP intake [ug/kg bw/d] in the groups of
Children I (n=30), Children Il (n=214), Adults (n=267) and Elderly People (n=69)
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Figure 44. Relative cumulative frequencies [%)] for creatinine-based daily DnBP intakes [pg/kg
bw/d] among the groups of Children | (n=30), Children Il (n=214), Adults (n=267) and Elderly People
(n=69)

DiBP

Creatinine-based daily DIiBP intakes were higher than volume-based daily intakes,
whereby the greatest differences were found in children. Among all groups, except
among the group of Elderly People, exceedances of the TDI of 10 pg/kg bw/d existed
for creatinine-based results. Four samples (13.3%) of the Children | group exceeded
the TDI with daily intake values ranging between 11.3 and 16.7 pg/kg bwi/d.
Additionally, in this group, the 95" percentile (14.2 pg/kg bw/d; based on the creatinine-
based model) exceeded the TDI. Exceedances of the TDI were found in the Children I
group (four samples (1.9%), creatinine-based model, range: 16.6-34.3 pg/kg bw/d), in
the Adults group (one sample (0.37%), creatinine-based model, 16.0 pg/kg bw/d, and
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one sample (0.37%), volume-based model, 11.6 pg/kg bw/d). All samples among the
group of Elderly People showed DI levels below all acceptable levels. Among all
groups, median daily DiBP intakes were below these levels.
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Figure 45. Distributions of volume-based daily DiBP intake [ug/kg bw/d] in the groups of Children |
(n=31), Children Il (n=219), Adults (n=269) and Elderly People (n=71)
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Figure 46. Distributions of creatinine-based daily DiBP intake [pug/kg bw/d] in the groups of
Children I (n=30), Children Il (n=214), Adults (n=267) and Elderly People (n=69)
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Figure 47. Relative cumulative frequencies [%)] for creatinine-based daily DiBP intakes [ug/kg bw/d]
among the groups of Children | (n=30), Children Il (n=214), Adults (n=267) and Elderly People
(n=69)
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BBzP

Daily BBzP intakes decreases with decreasing age. The highest levels were found
among the Children | group. Slightly higher DI values were found in the group of Elderly
People (P95 values and median) compared to the group of Adults. Thus, although
there was a decrease in daily intake with increasing age, there was a slight increase at
later ages for both Dls calculated according to the volume-based and the creatinine-
based model. However, all daily intakes among all groups are below the AL.
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Figure 48. Distributions of volume-based daily BBzP intake [ug/kg bw/d] in the groups of Children |
(n=31), Children Il (n=219), Adults (n=269) and Elderly People (n=71)
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Figure 49. Distributions of creatinine-based daily BBzP intake [pg/kg bw/d] in the groups of
Children I (n=30), Children Il (n=214), Adults (n=267) and Elderly People (n=69)
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Relative cumulative frequencies for creatinine-based DI of BBzP
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Figure 50. Relative cumulative frequencies [%)] for creatinine-based daily BBzP intakes [pg/kg bw/d]
among the groups of Children | (n=30), Children Il (n=214), Adults (n=267) and Elderly People
(n=69)

DEHP

For DEHP, the calculation of the daily intake occurred twice: with Fygs published by
Koch et al. (2005) and with Fues published by Anderson et al. (2011). Reasons the for
different calculations are that different studies use either Fygs from Koch et al. or from
Anderson et al. and thus, comparison with individual studies is possible. Additionally,
Fue values have an important influence on daily intakes. Differences between
calculated Dls related to the Fye values used can be discussed.
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DEHP1.: daily intakes of DEHP based on Fye values derived from Koch et al. (2005)

DEHP2: daily intakes of DEHP based on Fye values derived from Anderson et al. (2011)

Figure 51. Distributions of volume-based daily DEHP intake [ug/kg bw/d] based on molar fraction
values (Fue) derived from Koch et al. (2005) and Anderson et al. (2011), respectively in the groups
of Children I (n=31), Children Il (h=219), Adults (n=269) and Elderly People (n=71)
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Creatinine-based DI of DEHP
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DEHP1.: daily intakes of DEHP based on Fye values derived from Koch et al. (2005).
DEHP2: daily intakes of DEHP based on Fye values derived from Anderson et al. (2011).

Figure 52. Distributions of creatinine-based daily DEHP intake [pug/kg bw/d] based on molar fraction
values (Fue) derived from Koch et al. (2005) and Anderson et al. (2011), respectively in the groups
of Children | (n=30), Children Il (n=214), Adults (n=267) and Elderly People (n=69)

Median daily DEHP intakes were higher in children when compared with other groups
according to the calculation with Fyes published in Koch et al., whereby there was a
decline observed related to age between children and adults. All values were below the
ALs. According to the calculation with Fyes published in Anderson et al., the daily
DEHP intake values were higher because of lower Fye values. Among the Children Il
group, one sample (based on the creatinine-based model; 0.47%; 21.1 pg/kg bw/d)
exceeded the RfD of 20 pg/kg bw/d.

Relative cumulative frequencies for creatinine-based DI of DEHP?
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Figure 53. Relative cumulative frequencies [%] for creatinine-based daily DEHP intakes [ug/kg
bw/d] based on Fye from Anderson et al. (2011) among the groups of Children | (n=30), Children I
(n=214), Adults (n=267) and Elderly People (n=69)
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3.1.5.3.2 Correlations/differences between creatinine- and volume-based daily

phthalate intakes

Between all corresponding creatinine-based and volume-based Dls, significant

correlations existed (Table 65):

Table 65. Correlations (Spearman) between urinary creatinine-based and urinary volume-based
daily intakes [pg/kg bw/d] among total study population (n=580)

Correlations between Spearman correlation
coefficient r

DI DEP crea/ DI DEP vol 0.834**

DI DnBP crea / DI DnBP vol 0.850**

DI BBzP crea/ DI BBzP vol 0.848**

DI DiBP crea / DI DiBP vol 0.739**

DI DEHP crea / DI DEHP vol 0.748**

** Correlation is significant at 0.01 level.

Because of the use of different calculation models for creatinine-based and urinary
volume-based Dls, slight differences were observed. Generally, creatinine-based DI
values (especially medians) were lower compared to volume-based DI values. For 95"
percentiles, in some cases the creatinine-based values were higher compared to

volume-based values, especially for the study population group of Children 1.

3.1.5.3.3 Differences between study population groups

Comparing medians of creatinine-based and volume-based Dls, respectively,
differences between the population groups were identified. The medians of daily DEP
intakes (creatinine-based and volume-based) increased from the group of Children | to
the group of Elderly People. Among creatinine-based and volume-based daily intakes
of DnBP, BBzP, DiBP and DEHP, decreases were found from the Children | group to
the Adults group. For these DIs, there were slightly higher medians in elderly people
compared to adults. Related boxplots are illustrated above.

3.1.5.3.4 Associations with several selected parameters
Children |

Correlations between several daily phthalate intakes

Correlations between estimated daily intakes of several phthalates are shown in Table

66. DIs were not normally distributed, except DIs for volume-based DnBP and DEHP.
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Table 66. Correlations (Spearman’s correlation) between estimated daily phthalate intakes

(creatinine-based and volume-based, respectively) in the group of Children | (n=30)

DI DI DI DI DI DI DI DI DI

DnBP BBzP DiBP DEHP DEP DnBP BBzP DiBP DEHP

crea crea crea crea’ vol vol vol vol vol*
DI DEP crea 0.445* 0.371* 0.427* 0.375* 0.751*  0.352 0.216 0.321 0.178
DI DnBP crea 0.647**  0.918**  0.642* | -0.021 0.401* 0.246 0.472*  -0.171
DI BBzP crea 0.701**  0.473* | 0.142 0.491*  0.824**  0.606**  0.206
DI DiBP crea 0.484** | 0.012 0.410* 0.327 0.629**  -0.180
DI DEHP crea 0.030 0.214 0.250 0.107 0.282
DI DEP vol 0.467**  0.282 0.371* 0.463**
DI DnBP vol 0.629**  0.820**  0.564**
DI BBzP vol 0.652**  0.614*
DI DiBP vol 0.364*

! Correlation coefficients do not differ related to the used Fue values derived from Koch et al. (2005), and from Anderson
et al. (2011), respectively.

* Correlation is significant at 0.05 level.

** Correlation is significant at 0.01 level.

Sex

Statistically significant differences were found for volume-based daily DEP intakes
(p=0.045) and for daily DnBP intakes (p=0.045) across sex (Mann-Whitney U test).
Although the maximum daily DEP intake was observed in boys (18.5 pg/kg bw/d), girls
were significantly higher exposed to DEP. Additionally, daily DnBP intakes were also
significantly higher in girls.

Age

No statistically significant correlations were found between both age and creatinine-
based daily intakes, or for volume-based DEP, BBzP and DIiBP intakes (Spearman
correlation). A significant correlation was observed between age and the DI for volume-
based DEHP (Spearman correlation; r=0.358; p=0.05) in the group of Children | (n=31).
DEHP exposure increased with increasing age. However, it must be considered that

the sample size is small and the sample size distribution is not optimal.

Anthropometric data

The creatinine-based daily BBzP intakes correlated statistically significantly with waist-
to-hip ratios (WHR) (r=0.38; p=0.05), and the volume-based daily DEP intakes with
waist circumferences (WC) (r=-0.425; p=0.05) (Spearman correlation). Additionally, in
males, creatinine-based BBzP intake correlated significantly with hip circumferences
(HC) (r=-0.556; p=0.05), and volume-based DiBP (r=-0.534; p=0.05) and DnBP intake
(r=-0.613; p=0.05) with WC. Among females, a significant correlation was found
between WHR and volume-based BBzP intake (r=0.561; p=0.05).
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Geographical distribution

Between East and West Austria, statistically significant differences were observed in
relation to all creatinine-based daily intakes investigated: DEP (p=0.008), DnBP
(p=0.001), BBzP (p=0.016), DiBP (p=0.000) and DEHP (p=0.014) (Mann-Whitney U
test; n=29). For all named phthalates, children from East Austria were significantly
higher exposed than children from West Austria.

Children 1l

Correlations between daily phthalate intakes

Correlations between the different DIs are shown in Table 67:

Table 67. Correlations (Spearman’s correlation) between estimated daily phthalate intakes
(creatinine-based and volume-based, respectively) in the group of Children Il (n=214-219)

DI DI DI DI DI DI DI DI DI
DnBP BBzP DiBP DEHP DEP DnBP BBzP DiBP DEHP

crea crea crea crea* vol vol vol vol vol*

DI DEP crea 0.118 0.018 0.130 0.225** | 0.778** -0.080 -0.098 -0.027 0.029
DI DnBP crea 0.520**  0.764**  0.624* | -0.184*  0.730*  0.286*  0.487**  0.225**
DI BBzP crea 0.371**  0.617* | -0.142* 0.419**  0.862**  0.247*  0.424**

DI DiBP crea 0.456** | -0.104 0.540**  0.177**  0.786*  0.116
DI DEHP crea -0.036 0.418**  0.433*  0.252**  0.700**
DI DEP vol 0.036 0.023 0.107 0.223**
DI DnBP vol 0.489**  0.702**  0.520**
DI BBzP vol 0.326**  0.591**
DI DiBP vol 0.353**

! Correlation coefficients do not differ related to the used Fye values derived from Koch et al. (2005), and from Anderson
et al. (2011), respectively.

* Correlation is significant at 0.05 level.

** Correlation is significant at 0.01 level.

Sex

No differences were found between sex and creatinine-based and volume-based daily

intakes, respectively (Mann-Whitney U test; n=220).

Age

A statistically significant correlation was observed between age and creatinine-based
daily DEHP intake (r=-0.165; p=0.05; n=214) (Spearman correlation). Kruskal-Wallis
tests were performed, demonstrating significant differences for Dls for creatinine-based
DnBP (p= 0.010), BBzP (0.002), and DEHP (0.005) across different age groups™.

10 Age groups in the group of Children II: 7-9 years (n=82), 10-12 years (n=89) and 13-14 years (n=41).
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Anthropometric data

Significant correlations were observed between measured bodyheight and daily intakes
of creatinine-based BBzP (r=-0.156; p=0.05) and DEHP (r=-0.201; p=0.01), as well as
between bodyweight and daily intakes for creatinine-based DnBP (r=-0.143; p=0.05)
and DEHP (r=-0.190; p=0.01) (Spearman correlation; n=214).

A significant correlation was found between creatinine-based daily DEHP intake and
hip circumference (HC) (r=-0.139; p=0.05) in the Children Il group (Spearman
correlation). In females (n=94), significant correlations were found between WC and
volume-based daily intake of DnBP (r=0.209; p=0.05), BBzP (r=0.225; p=0.05) and
DEHP (r=0.262; p=0.05), between abdominal circumference (AC) and volume-based
DI of DEHP (r=0.221; p=0.05), as well as between HC and volume-based daily DnBP
intake (r=0.223; p=0.05). In males (n=125), significant correlations existed between AC
and volume-based and creatinine-based daily DEHP intake (r=-0.190; p=0.05 and r=-
0.200; p=0.05, respectively), WC and creatinine-based daily DEHP intake (r=-0.241;
p=0.01), as well as between HC and creatinine-based DEHP intake (r=-0.234; p=0.01).

Geographical distribution

No differences existed between East and West Austria.

Adults

Correlations between daily phthalate intakes

Table 68 shows correlations between estimated creatinine- and volume-based DI

among adults (n=267):

Table 68. Correlations (Spearman’s correlation) between estimated daily phthalate intakes

(creatinine-based and volume-based, respectively) in the group of Adults (n=267)

DI DI DI DI DI DI DI DI DI

DnBP BBzP DiBP DEHP DEP DnBP BBzP DiBP DEHP

crea crea crea crea’ vol vol vol vol vol*
DI DEP crea 0.059 0.080 0.225**  0.204** | 0.858**  0.067 -0.049 0.093 -0.015
DI DnBP crea 0.422**  0.299**  0.364* | 0.230**  0.952**  0.605** 0.612**  0.596**
DI BBzP crea 0.300**  0.473* | 0.003 0.412**  0.803**  0.212**  0.307**
DI DiBP crea 0.390** | -0.007 0.292**  0.061 0.682**  0.016
DI DEHP crea 0.060 0.339**  0.299**  0.201**  0.645**
DI DEP vol 0.263**  0.150* 0.226**  0.245**
DI DnBP vol 0.624*  0.648**  0.615**
DI BBzP vol 0.381**  0.577**
DI DiBP vol 0.408**

! Daily DEHP intakes calculated based on Fye values derived from Koch et al. (2005), and from Anderson et al. (2011),
respectively had identical correlation coefficients.

* Correlation is significant at 0.05 level.

** Correlation is significant at 0.01 level.
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Sex

Sex-related differences were found for all estimated volume-based daily intakes, but
not for creatinine-based (Mann-Whitney U Test). Significance levels were 0.016 for
daily intakes of volume-based DEP, 0.000 for DnBP, 0.001 for BBzP, 0.000 for DiBP
and 0.017 for DEHP. Table 69 shows median and maximum values for male and
female adults of volume-based daily intakes. Females were more highly exposed
compared to males. For DEP, females showed a higher median level; however, in

males the P95 value was higher compared to female adults.

Table 69. Volume-based daily intake values (median, maximum) [pg/kg bw/d] of female (n=160) and
male (n=109) adults

[ug/kg bw/d] Females (n:.160) Méles (n:1.09)
(median; maximum) (median; maximum)
DI DEP vol 1.6;41.6 0.99; 40.6
DI DnBP vol 0.32;2.4 0.21;1.1
DI BBzP vol 0.06; 1.2 0.04; 0.39
DI DiBP vol 1.1;11.6 0.80; 4.2
DI DEHP vol* 0.59; 10.8 0.50; 9.5
DI DEHP vol? 0.82; 14.9 0.69; 13.2

! Fue values derived from Koch et al. (2005)
% Fue values derived from Anderson et al. (2011)

Age

Significant correlations were found between age and creatinine-based daily intakes of
DEP (r=0.144; p=0.05), and volume-based daily intakes of DnBP (r=-0.163; p=0.01),
BBzP (r=-0.194; p=0.01) and DEHP (r=-0.152; p=0.05) (Spearman correlation).
Additionally, statistically significant differences were observed between different age
groups (18-24 years, 25-50 years, and 51-64 years) and volume-based daily intakes of
DnBP (p= 0.020), BBzP (p=0.010) and DEHP (p=0.040).

Anthropometric data

Regarding to anthropometric data, significant correlations were found between
bodyheight and daily intakes of volume-based DEP (r=-0.171; p=0.01), DnBP (r=-
0.197; p=0.01), DIBP (r=-0.148; p=0.05) and creatinine-based DEP (r=-0.122; p=0.05),
as well as for bodyweight and daily intake of volume-based DEP (r=-0.144; p=0.05),
DnBP (r=-0.286; p=0.01), BBzP (r=-0.178; p=0.01), DiBP (r=-0.190; p=0.01) and DEHP
(r=-0.163; p=0.01). For BMI, statistically significant correlations existed between daily
intakes of volume-based DnBP (r=-0.230; p=0.01), BBzP (r=-0.148; p=0.05), DiBP (r=-
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0.135; p=0.05) and DEHP (r=-0.179; p=0.01) (Spearman correlation). Additionally,
statistically significant differences were observed between different BMI categories*
and Dls of volume-based DnBP (p=0.014), and of DEHP (p=0.220).

Geographical distribution

Statistically significant differences were found between the distribution in East and
West Austria of volume-based daily DnBP (p= 0.070) and DiBP intakes (p=0.090) after
Mann-Whitney U tests were performed. No differences were found between residential

areas (urban, suburban and rural).

Elderly People

Correlations between daily phthalate intakes

Table 70 shows the correlations (Spearman correlation) between calculated creatinine-
and volume-based daily phthalate intakes among the elderly:

Table 70. Correlations (Spearman’s correlation) between estimated daily phthalate intakes
(creatinine-based and volume-based, respectively) in the group of Elderly People (n=69)

DI DI DI DI DI DI DI DI DI
DnBP BBzP DiBP DEHP DEP DnBP BBzP DiBP DEHP
crea crea crea crea’ vol vol vol vol vol*
DI DEP crea 0.487**  0.159 0.433*  0.357** | 0.883**  0.118 -0.047 0.115 -0.004
DI DnBP crea 0.574*  0.791**  0.536* | 0.316**  0.648**  0.355**  0.499** 0.212
DI BBzP crea 0.397**  0.417* | 0.151 0.615**  0.866**  0.452**  0.432**
DI DiBP crea 0.650** | 0.278* 0.440**  0.200 0.704*  0.297*
DI DEHP crea 0.243* 0.278* 0.258* 0.428**  0.740**
DI DEP vol 0.309**  0.152 0.276* 0.173
DI DnBP vol 0.733**  0.733**  0.516**
DI BBzP vol 0.541**  0.592**
DI DiBP vol 0.564**

! Daily DEHP intakes calculated based on Fye values derived from Koch et al. (2005), and from Anderson et al. (2011),
respectively had identical correlation coefficients.

* Correlation is significant at 0.05 level.

** Correlation is significant at 0.01 level.

Sex

Among elderly people, no sex differences related to daily intakes were observed.

Age

Significant correlations were found between age and creatinine-based daily intakes of
DEP (r=0.330; p=0.01), DnBP (r=0.315; p=0.01), DiBP (r=0.259; p=0.05, and DEHP

(r=0.289; p=0.05). For creatinine-based daily intakes, no correlations existed. After

11

BMI categories for adults: BMI<18.5 (underweight), BMI 18.5-24.9 (normal weight), BMI 25-29.9
(overweight, preadipositas), BMI>30 (adipositas grade I-Ill) [kg/mz]
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Mann-Whitney U tests were performed, significant differences were found between
different age groups™ and creatinine-based daily DEP (p= 0.019) and DnBP intake
(p=0.029).

Anthropometric data

Between bodyheight as well as bodyweight and creatinine-based and volume-based
DIs no correlations were found. Additionally, there were no correlations for BMI.
However, performing Kruskal-Wallis tests, a statistical significant difference existed for

volume-based daily DEHP intake across BMI categories™ (p=0.029).

Geographical distribution

There were no statistically significant differences between East and West Austria
related to the investigated daily intakes, and no differences between urban, suburban

and rural residential areas in the group of Elderly People.

3.1.5.3.5 Comparison with other study results

Table 71 shows the daily intakes calculated from analysed urinary phthalate metabolite
concentrations from selected studies between 1999 and 2010. For comparison with the
results of the present study, different calculation models (creatinine-based and volume-
based) were used. It should be noted, however that only a few studies on daily

phthalate intake were available.

In German children (n=239) aged 2-14 years from GerES IV pilot study (sample
collection in 2001-2002), median creatinine-based DlIs of DnBP, BBzP and DEHP of
4.1, 0.42 and 4.3 pg/kg bw/d respectively, were reported. Median volume-based Dls for
the named phthalates were 7.6, 4.5 and 7.8 pg/kg bw/d, respectively. (Koch et al.,
2007; Wittassek et al., 2007) In Danish children aged 6-11 years from urban areas
(sample collection in 2011), reported median Dls [ug/kg bw/d] were 0.53 for DEP, 0.7
for DnBP, 2.4 for DiBP, 0.17 for BBzP and 2.7 for DEHP (Frederiksen et al., 2013). The
highest median values were found for DEHP, followed by DnBP for all studies
evaluated (Figure 54). In general, median DI levels were lower in the present study
compared to results from Germany and Denmark, except for DEP, which showed

similar results in the Danish population.

1264-70 years (n=33) and 71-81 years (n=36)
13 BMI categories for elderly people: BMI<23.9 (underweight), BMI 24-29.9 (normal weight), BMI>30

(overweight, adipositas) [kg/m?]
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Table 71. Several estimated daily phthalate intakes (ranges, medians, 95" percentiles) [ug/kg bw/d]

from selected studies

Study DEP DnBP DiBP BBzP DEHP
Range Range Range Range Range
(median; (median; P95) (median; P95) (median; P95) (median; P95)
P95)
Germany
Wittassek et al. (2007a), Koch et al. (2007): 0.66-76.4 0.06-13.9 0.6-140
239 male and female children from GerES (4.1; 14.9) (0.42; 2.6) (4.3; 15.2)
IV pilot study (age 2-14), crea-based"
2001-2002
Wittassek et al. (2007a), Koch et al. (2007): 0.91-110 0.05-31.3 0.4-409
239 male and female children from GerES (7.6; 30.5) (0.77; 4.5) (7.8; 25.2)
IV pilot study (age 2-14), vol-based"
2001-2002
Koch, Drexler and Angerer (2003): 25 male  (2.4; 20.0) (6.0; 19.9) (1.1;4.2) (16.9; 65.0)
adults from South Germany (age 18-40),
crea-based’
2002
Koch, Drexler and Angerer (2003): 34 (4.4, 33.6) (8.1; 24.1) (1.4, 5.0) (12.5; 27.4)
female adults from South Germany (age 18-
40), crea-based?
2002
Wittassek et al. (2007b): 59 male and 0.49-71.8 0.46-5.2 0.05-1.7 0.28-7.1
female German students (retrospective), (1.9; 5.3) (1.4; 3.9) (0.22; 0.91) (2.4, 5.7)
vol-based®
2003
Koch et al. (2011): 108 male and female 11.2 (max) 59.4 (max) 10.4 (max) 44.5 (max)
primary school starters (age 5-6), crea- (1.9; 6.4) (2.1; 11.0) (0.3; 2.6) (4.5; 18.0)
based*
2007
Fromme et al. (2013): 25 male and female 0.15 (max) 0.69 (max) 1.2 (max) 4.0 (max)
children from INES 2 study (age 1.25-1.75), (0.06; (0.43; 0.68) (0.53;1.1) (2.6; 4.0)
vol-based® 0.14)
2009-2010
Denmark
Frederiksen et al. (2011): 129 male and 18.2 (max) 10.0 (max) 52.9 (max)
female Danish children from Copenhagen (1.1; 8.0) (0.62; 3.78) (4.0; 10.7)
Puberty Study (age 6-16) and adolescents
from a high school (age 17-21), vol-based®
2006-2008
Beko et al. (2013): 431 Danish children 0.02-33.0 0.25-163 0.02-22.3 0.38-533
(age 3-6), vol-based’ (0.62; 3.9) (3.3; 10.0) (0.49; 2.8) (4.4; 16.9)
2008-2009
Frederiksen et al. (2013): Danish children 8.5 (max) 2.5 (max) 9.1 (max) 5.5 (max) 85.6 (max)
(age 6-11) from urban (74) and rural (67) (0.53;3.0)  (0.70; 2.2) (2.4, 7.6) (0.17;1.1) (2.7;8.1)
area, crea-based’ 6.4 (max)  7.4(max)  3L.7(max)  26(max)  21.8 (max)
2011 (053;2.7)  (0.86;2.0) (2.8;7.4) 023 1.1)  (2.4;12.5)
) ] . 12.5 (max) 1.9 (max) 6.3 (max) 0.80 (max) 90.1 (max)
Frederiksen et al. (2013): Danishwomen 25, 5 63 (0 49: 1.0) (1.7:30)  (0.09:043)  (L6:5.1)
(age 31-52) from urban (75) and rural (69)
area, crea-based® 16.3 (max) 1.8 (max) 6.0 (max) 0.9 (max) 30.7 (max)
2011 (1.0; 10.5) (0.54; 1.3) (1.6;5.2) 0.13; 0.47) (1.5; 4.4)
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continued

France

Zeman et al. (2013): 139-279 French (1.0; 20.2) (1.5; 6.6) (2.2;11.1) (0.4; 2.4) (5.8; 65.1)
pregnant women from ELFE pilot study,
crea-based’

2007
USA
Marsee et al. (2006): 214 pregnant women 1263 5.9 (max) 2.9 (0.12; 15.5 (max) 41.1 (max)
from the Study for Future Families, crea- (max) 0.84; 2.33) 0.41) (0.5; 2.5) (1.3;9.3)
based™ 6.6; 112)
1999-2002

Abbreviations: crea, creatinine; ELFE, Etude Longitudinale Francaise depuis I'Enfance; GerES IV, German Environmental Survey IV;
Fue, molar fraction; INES 2, Integrated Exposure Assessment Survey 2; P95, 95™ percentile; vol, volume.

! Fue adopted from Koch et al. (2005).

2 Fue adopted from Schmid and Schlatter (1985) for DEHP, and from Anderson et al. (2001) for DnBP and BBzP.

3 Fue adopted from Anderson et al. (2001) for DnBP, DiBP and BBzP, and from Koch et al. (2005) for DEHP.

* Fue adopted from Koch et al. (2005) for DEHP; Koch and Calafat (2009) and Wittassek et al. (2011) for other phthalates.

® Fue adopted from Anderson et al. (2001) for DEP and BBzP, Seckin, Fromme and Vélkel (2009) for DnBP, and from Koch et al. (2005),
Kessler et al. (2012), Anderson et al. (2011) related to specific DEHP-metabolite.

® Fue adopted from Anderson et al. (2011), and Koch et al. (2005, 2007) for BBzP and DEHP, and from Koch and Calafat (2009) for DEP.
" Fue adopted from Koch et al. (2012a) for DiBP.

8 Fue adopted from Anderson et al. (2001, 2011) for DEHP, BBzP and DBP, and from Koch and Calafat (2009) for DEP.

*Fue adopted from Koch et al. (2005) for DEHP, Anderson et al. (2001) for DnBP, Fromme et al. (2007) for DEP and DiBP, and Koch et
al. (2003) for BBzP.

O F e adopted from Anderson et al. (2001) for DBP and BBzP, Koch et al. (2003) for DEP, and Koch et al. (2005) for DEHP.

In 108 German primary school starters (5-6 years), median DIs of DnBP, DiBP, BBzP
and DEHP based on the creatinine-based calculation model were 1.9, 2.1, 0.3 and 4.5
png/kg bwid, respectively (Koch et al., 2011). Compared to results from the present
study in the group of Children | (6-8 years; n=30), median levels were lower for DnBP,
BBzP and DEHP, but not for DiBP, which showed a slightly higher median DI (2.3
ug/kg bw/d). Median daily DEHP intake was about two times higher in the German
study population compared to the Austrian study population, where a median value of
2.4 ug/kg bw/d was observed (Figure 55). However, samples differ somewhat in age

(German children 5-6 years, Austrian children 6-8 years), as well as in sample size.

Frederiksen et al. (2013) published in their study of Danish females (31-52 years) from
urban (n=75) and rural (n=69) areas median creatinine-based Dls for DEP of 0.72 and
1.0 pg/kg bw/d (urban and rural, respectively), for DnBP 0.49 and 0.54 ug/kg bw/d, for
DiBP 1.7 and 1.6 ug/kg bw/d, for BBzP 0.09 and 0.13 ug/kg bw/d, and for DEHP 1.6
and 1.5 pg/kg bw/d (Table 71; Figure 56). In Austrian females (18-65 years) from
(sub)urban (n=78) and rural (n=80) areas, creatinine-based median DI for DEP of 0.89
and 1.1 pg/kg bw/d ((sub)urban and rural, respectively), for DnBP of 0.27 and 0.22
po/kg bw/d, for DIBP of 0.79 and 0.88 pg/kg bw/d, for BBzP of 0.05 and 0.04 pg/kg
bw/d, and for DEHP of 0.54 and 0.66 ug/kg bw/d were obtained. For both studies, time

of sampling is similar.
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Creatinine-based daily intakes (medians) in children
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[1] Koch et al. (2007); Wittassek et al. (2007); [2] Frederiksen et al. (2013); [3] this study
Figure 54. Median creatinine-based daily phthalate intakes (DEP, DnBP, DiBP, BBzP, and DEHP)
[ug/kg bw/d] in German children (2-14 years, n=239), Danish children from urban areas (6-11 years,
n=74), and Austrian children (6-15 years, n=244)
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Figure 55. Median creatinine-based daily phthalate intakes (DnBP, DiBP, BBzP, and DEHP) [ug/kg
bw/d] in German children (5-6 years, n=108) and Austrian Children | (6-8 years, n=30)

In the Austrian study population of adult females, median daily intakes (creatinine-
based model) of participants from (sub)urban areas were slightly lower in relation to
DEP, DiBP and DEHP, but slightly higher in relation to DnBP and BBzP. In the Danish
population group, females from urban areas had lower median daily DEP, DnBP and
BBzP intakes, and higher median daily DiBP and DEHP intakes, which differ slightly
compared to Austrian females of the present study. Generally, investigated median Dls
were higher in Danish females than in Austrian females, especially for DiBP and
DEHP, which were both about two times higher. This was obtained for all investigated
daily phthalate intakes, except for DEP, where medians from Austrian females were

higher compared to Danish females (Figure 57).
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Median creatinine-based daily intakes in females from urban and rural areas
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Figure 56. Median creatinine-based daily phthalate intakes (DEP, DnBP, DiBP, BBzP, and DEHP)
[ug/kg bw/d] in Danish females (31-52 years) from urban (n=75) and rural (n=69) areas, and in

Austrian females (18-65 years) from (sub)urban (n=78) and rural (n=80) areas

Creatinine-based daily intakes (medians) in adults

GERMANY 2002 (males) [1]
GERMANY 2002 (females) [1]

m AUSTRIA 2010/11 (males) [2]

DI [ug/kg bw/d]
=
o

5 W AUSTRIA 2010/11 (females) [2]

0 | ———
DEP DnBP BBzP DEHP

[1] Koch, Drexler and Angerer (2003); [2] this study
Figure 57. Median creatinine-based daily phthalate intakes (DEP, DnBP, BBzP, and DEHP) [ug/kg
bw/d] in German males (n=25) and females (n=34) (18-40 years), and in Austrian males (n=53) and

females (n=90) (18-40 years)

In a study of male (n=25) and female (n=34) German participants (18-40 years),
obtained median creatinine-based daily intakes were relatively high (cf. Table 71)
(Koch, Drexler and Angerer, 2003). To compare results from the named study with
results from the present study, participants were drawn from the same age group. In
Austrian males (n=53) and females (n=90), median creatinine-based daily DEP intakes
were 0.6 and 0.79 pg/kg bw/d (for males and females, respectively), daily DnBP
intakes were 0.24 and 0.29 ug/kg bw/d, daily BBzP intakes were 0.03 and 0.05 pg/kg
bw/d and daily DEHP intakes were 0.36 and 0.41 pg/kg bw/d. As shown in Figure 57,
median daily intakes of all investigated phthalates were considerably higher in German
samples compared to medians obtained from Austrian samples. The largest difference

was identified for median daily DEHP intake in males, which was about 47 times
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higher. Nevertheless, it must be recognised that samples from the German population

were taken in 2002, which may be one reason for these large differences.

3.1.5.4 Discussion

Daily intakes (DI) of the phthalates DEP, DnBP, BBzP, DiBP and DEHP were
estimated based on phthalate metabolite concentrations analysed with creatinine-
based and urinary volume-based calculation models according to Koch et al. (2007).
Necessary for DI calculation is the knowledge of the so-called molar fraction (Fyg) of
phthalates, which has been provided from several studies investigating the phthalate
metabolite concentration in urine after an oral administration of a known dose of
labelled phthalates. In the case of DEHP, the DIs were calculated based on Fe values
for DEHP metabolites published in Koch et al. (2005) and Fye values published in
Anderson et al. (2011), separately, to enable a comparison with results from other
studies where different Fyz values for DEHP metabolites were used, and the

investigation of varying outputs.

Between creatinine-based and volume-based Dls, slight differences existed.
Comparing median values, creatinine-based DI values were generally lower compared
to volume-based values. Nevertheless, corresponding creatinine- and volume-based
DIs correlated at a 0.01 significance level. Differences were also observed between the
study population groups. Medians of daily DEP, DiBP and DEHP intakes (creatinine-
based and volume-based) decreased from the group of Children | to the group of
Adults. In elderly people, slightly higher medians existed compared to younger adults.
In the case of median creatinine-based and volume-based daily DEP intakes, there

was an increase from the Children | group to the Elderly People group.

For risk assessment it is important to investigate possible daily intake exceedances of
acceptable exposure levels (AL). Therefore, calculated DlIs for phthalates were
compared with the Tolerable Daily Intake (TDI), the Reference Dose (RfD) and the
Reference Dose for Anti-Androgenicity (RfD AA). ALs are shown in Table 8. Daily
intakes of DEP, BBzP and DEHP calculated with Fye published by Koch et al. (2005)
were below all investigated ALs. Some exceedances of ALs (mainly exceedances of

the TDI) were observed, especially in children. Two children (from the groups Children |

14 Daily DINP and DIiDP intakes were not calculated, because only primary metabolites were analysed.
Missing levels of secondary metabolites make a correct estimation of daily intakes not possible. Both,
DCHP and DnOP were estimated neither, because of unknown Fye for DCHP, and because of urine levels
of MCHP below limit of detection in a majority of samples.
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and IlI) had higher daily DnBP intakes than the TDI for both creatinine-based and
volume-based values. For creatinine-based daily DnBP intake, the P95 values
exceeded the TDI in the group of Children I, but it must be noted that the sample size
was small. For daily DiBP intakes, exceedances are similar to DnBP, whereby slightly
more exceedances existed. Detailed results are shown in Chapter 3.1.5.3.1 above.
Compared with daily DEHP intake values using Fue values published by Koch et al.
(2005), one daily DEHP intake estimated with Fyg provided by Anderson et al. (2011)
among the group of Children Il exceeded the corresponding RfD. These differences
show the importance of exact knowledge regarding the toxicokinetics of various

substances in humans.

In Table 72, the findings of statistical analysis of creatinine-based and volume-based
DIs for several phthalates among the different study population groups are

summarised.

Table 72. Summary of statistical analysis outcome for volume- and creatinine-based daily intakes
of DEP, DnBP, BBzP, DiBP and DEHP, in the study population groups Children I, Children II, Adults
and Elderly People for sex, age, bodyheight, bodyweight, Waist-to-Hip ratio, Body Mass Index and

distribution between East Austria and West Austria

DEP DnBP BBzP DiBP DEHP DEP DnBP BBzP DiBP DEHP

vol vol vol vol vol crea crea crea crea crea
| f f
Sex C 1 1
A f1 f1 f1 f1 f1
Cl +
A cl -
e
g A -- - +
E ++ ++ + +
| - -
BH ¢
A . - - -
1] - -
BW ¢
A _ - . - -
WHR Cl +(f) +
BMI E overw.
1
. Cl Eastt East? East1 East? East 1
Distr
A West 1 West 1

-/ +, negative / positive correlation at 0.05 significance level.
-- | ++, negative / positive correlation at 0.01 significance level.

Abbreviations: A, Adults; BH, bodyheight; BMI, Body Mass Index; BW bodyweight; crea, creatinine-based; C I, Children I; C II, Children II;
Distr, distribution East and West Austria; E, Elderly People; f, females; overw., overweight; vol, volume-based; WHR, waist-to-hip ratio.
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Several volume-based daily phthalate intakes differed between both sexes in the
groups of Children I (n=31) and the group of Adults (n=269), whereby females showed
higher intakes compared to males. Among adults, statistically significant higher Dls in
females existed for all investigated phthalates, and among children, these findings
applied to DEP and DnBP.

Different significant correlations between age and DIs were found in all study
population groups. In the Children | group, daily intakes of volume-based DEHP
increased with increasing age, whereas in the group of Adults, it was reversed.
Additionally, daily intakes of volume-based DnBP decreased with increasing age in
adults with high significance, and daily intakes of creatinine-based DEP increased.
Increasing Dls of creatinine-based DEP, DnBP, DiBP and DEHP were shown in elderly
people. In the Children Il group, a decrease of creatinine-based daily DEHP intake with

increasing age was found.

Between bodyheight and several Dls, significant correlations exist. In the Children |
group, creatinine-based daily BBzP and DEHP intakes decreased with increasing
bodyheight, and in adults, this was shown for volume-based daily DEP, DnBP and
DiBP intakes, as well as for creatinine-based daily DEP intakes. Volume-based DlIs of
DEP, DnBP, BBzP, DiBP and DEHP decreased with increasing bodyweight among
adults. A decrease was also shown for creatinine-based daily DnBP and DEHP intakes
in the Children Il group. Significant negative correlations between DIs and BMI were
only found in adults, whereby volume-based DlIs of DnBP, BBzP, DiBP and DEHP were
higher in samples with low BMI compared to samples with high BMI, which had lower
DI levels. In elderly people, significant differences were found for volume-based DEHP

intake: higher levels were found in relation to higher BMI.

Among Children | group, there was a statistically significant east-west decline related to
all investigated creatinine-based daily phthalate intakes. In adults, for volume-based
DnBP and DiBP intake, a west-east decline existed. It must be noted that among the

Children | group the sample size of 31 is very small.

Compared to results from other studies investigating daily intakes of several phthalates
in various population groups, the daily phthalate intakes from the present study were
for the most part lower. Reasons for these observations might include not only possible
differences in lifestyle, behaviour and nutrition, but also different times of sampling.
Especially great differences existed in daily phthalate intakes compared to results from
a German male and female adult population (Koch, Drexler and Angerer, 2003), where

urine samples were collected in 2002 (Figure 57). Such findings suggest that, because
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of new legislations in the EU regarding to the use of phthalates in consumer products,

exposure might have been reduced.

3.1.6 Cumulative Risk Assessment

In general, risk assessment of chemicals does not take into account effects of
combined exposures, and as a result underestimations of risks are possible and a
cumulative risk assessment is needed (Kortenkamp and Faust, 2010). Multiple
phthalates have been identified as anti-androgens that reduce testosterone in a dose-
additive fashion in rats. Thus, a cumulative risk assessment for combined phthalate
exposure is important. (Kortenkamp and Faust, 2010; Sgeborg, Frederiksen and
Andersson, 2012) One method is the dose-addition concept by using the Hazard Index
(HI) approach for the estimation of the overall potential for non-carcinogenic effects of
several substances. This approach allows the assumption of adverse human health
effects as result of simultaneous exposures. (Kortenkamp and Faust, 2010; U.S. EPA,
1989) It is defined as the sum of Hazard Quotients (HQ) divided by an acceptable level
of exposure (AL) such as the TDI or the RfD AA of a substance using the following

formula published in Kortenkamp and Faust (2010):

HI =y, =

=141,
HI Hazard Index
EL; Exposure Level (or Daily Intake) of a substance
AL Acceptable Level (e.g. TDI, RfD AA)
n Number of substances in the mixture

For the ALs it is not necessary that all of them are based on the same toxicological
endpoint, but in this analysis, only endpoints with relevance to anti-androgenicity were
considered. Phthalates that are able to disrupt male sexual differentiation in rat models
investigating reproductive toxicity are DnBP, DiBP, BBzP, DiINP and DEHP. HI values
>1 indicate the exceedance of the considered AL for the total dose of all components of

the mixture and the existence of cause for concern. (Kortenkamp and Faust, 2010)

Similar to the HI is the concept of relative cumulative Tolerable Daily Intake (TDlgym).
Therefore, the calculated DI is divided by the TDI for each substance, and the ratio is
multiplied by 100% by use of the formula published in Koch et al. (2011):

DI;
TDleym = Y10, —4
cum i=1l7pp,

* 100
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TDleum Relative Cumulative Tolerable Intake [%]
Dl Daily Intake [pg/kg bw/d]

TDI; Tolerable Daily Intake [pg/kg bw/d]

n Number of phthalates

At a TDlym, of more than 100% it is indicated that the total TDI is exceeded and a

potential cause for concern exists (Koch et al., 2011).

3.1.6.1 Calculation

For cumulative risk assessment calculations, individual HI values were estimated for
children, adults and elderly people for DEHP, DnBP, DiBP and BBzP based on the RfD
AA values, as well as for DEHP, DnBP and DiBP based on the corresponding TDI
values using the formula published in Kortenkamp and Faust (2010) (see above). The
TDIs of the named phthalate can be used because they are based on the same
endpoints (anti-androgenicity) (Koch et al., 2011). TDI and RfD AA values of
investigated phthalates are shown in Table 8. The calculation and results of daily
intakes are described in Chapter 3.1.5. For cumulative risk assessment estimations,

creatinine-based DI values were used.

3.1.6.2 Results

Table 73 illustrates the ranges, medians and P95 values of HIs based on available TDI
and RfD AA values for the present study population, respectively, as well as the
amount [%)] of individual samples exceeding the respective total AL, which indicates a

potential cause for concern.

Depending on the ALs used (TDI or RfD AA), samples predominantly exhibited HI
values lower than the cumulated acceptable level of exposure. In some cases,

exceedances existed, especially among children.

Table 73. Hazard Indices (HI) for Austrian children, adults and elderly people

Children 1 (n=30)  Children Il (n=214) Adults (n=266) Elderly (n=69)
range (median; P95) range (median; P95) range (median; P95) range (median; P95)
HI (TDI) 0.08-3.4 (0.37; 2.7) 0.02-5.4 (0.18; 0.94) 0.001-1.7 (0.12; 0.02-1.1 (0.15; 0.77)
0.42)
n>1 [%] 13.3 4.2 0.4 2.9
HI (RfD AA) 0.02-0.74 (0.13; 0.69)  0.01-0.72 (0.05; 0.28)  0.0-0.35 (0.27; 0.09) 0.01-0.48 (0.04;
0.31)
n>1 [%] 0 0 0 0

Abbreviations: HI, Hazard Index; n, sample size; P95, 95" percentile; RfD AA, Reference Dose for Anti-Androgenicity.
Notes: Daily intake calculations for DEHP based on Fye values published in Anderson et al. (2011). HI calculation based
on DnBP, DiBP, BBzP and DEHP for estimations based on RfD AA values and on DnBP, DiBP and DEHP for
estimations based on TDI values because of same endpoint (anti-androgenicity).
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HI values based on TDIs showed more exceedances of the HI of 1 than values based
on RfD AA levels, because generally the TDIs for several phthalates are lower than the
corresponding RfD AAs (Table 8). Based on the TDI as acceptable level, exceedances
were identified among all study population groups, whereby the highest amount
occurred among children. In the group of children at the age of 6-8 years (Children |
group, n=30), four samples (13.3%) showed HI values above 1 and therefore the
cumulated acceptable exposure level, with the highest HI of 3.4. Among children aged
between 8 and 14 years (Children Il group, n=214), nine samples (4.2%) have Hi
values above the cumulative acceptable exposure level. Among the group of Adults
(n=266) and among the group of Elderly People (n=69), only one sample (0.4%)
respective two samples (2.9%) showed HI above the cumulative acceptable exposure

level. Based on the RfD AA, no exceedances were shown (c.f. Table 73).

These results demonstrate that a considerable number of samples had levels above
the HI value of 1 (especially based on TDI values). Most exceedances were shown
among children who remain one of the most vulnerable groups of the general

population.

3.1.6.3 Comparison with other study results

In a study among Danish children and adolescents (n=129) investigating urinary
phthalate metabolite exposure and the HI, the authors reported that 19 children (15%)
exceeded the cumulative acceptable exposure level based on the TDI, and one child
(0.8%) exceeded the acceptable level based on the RfD AA. (Sgeborg, Frederiksen
and Andersson, 2012) In a sample of 108 German children aged between 5 and 6
years, the calculated relative TDl.,, based on DnBP, DEHP and DiBP was exceeded
by 26 children (24%). In 33 Danish young men (18-22 years) sampled in 2008, three
24-h urine samples were collected from each participant. The authors reported in two
men exceedances of HI based on the TDI, and in one man an exceedance of the HI
based on the RfD AA. (Kranich et al., 2014) Differences in the number of exceedances
were related to specific acceptable exposure levels derived by different institutions. For
example, the current TDI for DnBP is ten times lower compared to the RfD or the RfD
AA for the same phthalate.

Compared with these study results, investigations of the present study showed slightly
fewer HI exceedances in relation to the TDI among children when compared to results
from Germany. However, the sample size in the present study was far lower. The

number of exceeded HIs compared with Danish children was similar but slightly fewer.
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In comparison with results from Kranich et al. (2014) in Danish men, among adults from

the present study one exceedance of HI based on TDI out of 266 existed.

3.1.6.4 Discussion

The group of phthalates includes several different substances. Because of possible
underestimations of risks, it is important to implement a risk assessment for cumulative
effects. One possibility is the concept of the Hazard Index (HI) for the estimation of
effects of several substances. An HI exceeding the value of 1 (100%) indicates
potential cause for concern. Within the present study population, exceedances of His
were found especially among children. Compared with the results of other studies, the
findings of the present study were similar to those from Denmark concerning the TDI.
In comparison to Germany, slightly fewer exceedances were observed. It should be
noted, however, that currently only a few studies investigating cumulative risks exist
due to the relatively recent attention these have received from the scientific community.
Further and more detailed investigations are necessary, in particular with regard to the

cumulative effects of the various substances to which we are exposed.

3.1.7 Associations with selected parameters

3.1.7.1 Age

The total study population (n=595) was categorised into several age groups: 6-10
years (n=118; 20%), 11-15 years (n=133; 22%), 18-24 years (n=45; 8%), 25-50 years
(n=159; 27%), 51-64 years (n=68; 11%) and =65 years (n=72; 12%). Figure 58
illustrates the distribution. The analysed urinary phthalate metabolites showed
statistically significant correlations with age, with these correlations being all significant
at 0.01 level. MEP was the only metabolite that showed a positive correlation and thus
an increase with increasing age, whereas the other phthalate metabolites showed
reversed findings. Significant correlations of several phthalate metabolites are shown in
Table 74. The median phthalate metabolite concentrations of each investigated age

group are listed in Table 75 and Table 76.

In general, median and P95 values of the majority of DEHP metabolites (Figure 59)
decreased with increasing age, except for the oldest age group (>65 years), which

showed higher levels again.
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The distribution of MEP, which is the only phthalate metabolite that showed an
increased exposure with increasing age, is illustrated in Figure 60. Similar to findings
from DEHP metabolites, a decrease with increasing age was also identified for MBzP
(Figure 61). For MnBP and MIiBP exposure (Figure 62 and Figure 63) significant
differences between the investigated age groups were found, but no trend concerning
age could be clearly identified.

12% Age groups
(]

W 6-10 years
W 11-15 years
| 18-24 years
W 25-50 years
B 51-64 years
M >65 years

11%

8%

Figure 58. Distribution of age groups (Phthalate metabolites) (n=595)

Table 74. Significant correlations (Spearman correlation) between urinary phthalate metabolite
concentrations [pg/l], and creatinine-adjusted phthalate metabolite concentrations [pg/g] and age
in total study population (n=595)

Urinary phthalate metabolites [ug/l]

Phthalate DEHP DEP BBzP  DnBP DiBP

Metabolite MEHP 50x0- 50H- 5Cx- MEP  MBzP MnBP  MiBP
MEHP MEHP  MEPP

Age [years] -0.253 -0.408 -0.307 -0.311 0254 -0.284 -0.222 -0.194

Urinary phthalate metabolites creatinine-adjusted [ug/q]

Phthalate DEHP DEP BBzP  DnBP DiBP

Metabolite MEHP 50x0- 50H- 5cx- MEP MBzP  MnBP MiBP
MEHP MEHP  MEPP

Age [years] -0.276 -0.429 -0.342 -0.397 0.181 -0.327 -0.241 -0.220

All correlations are significant at 0.01 level.
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Table 75. Median phthalate metabolite levels [ug/l] for different age groups in the total population
(n=595)

Median phthalate metabolite levels [ug/l]

6-10 years 11-15years 18-24years 25-50years 51-64 years 265 years

(n=118) (n=133) (n=45) (n=159) (n=68) (n=72)
MEHP 0.88 1.2 0.69 n.d. n.d. n.d.
50x0-MEHP 4.2 3.3 1.7 11 14 1.6
50H-MEHP 5.7 4.4 25 15 2.0 3.3
5cx-MEPP 17.0 14.8 11.1 7.6 8.3 10.0
MEP 16.7 21.8 31.0 315 39.5 38.0
MBzP 2.6 2.9 2.1 1.3 1.2 1.3
MnBP 48.8 135 10.6 7.4 7.4 10.6
MiBP 374 36.1 26.6 22.9 23.3 26.5
MCHP n.d. n.d. n.d. n.d. n.d. n.d.
3cx-MPP 1.9 1.6 1.6 1.6 1.6 1.6
MnOP n.d. n.d. n.d. n.d. n.d. n.d.
MnPeP n.d. n.d. n.d. n.d. n.d. n.d.
MiNP n.d. n.d. n.d. n.d. n.d. n.d.
MiDP n.d. n.d. n.d. n.d. n.d. n.d.

Notes: for statistical analysis, phthalate metabolites <LOD, LOD/2 was used.

Table 76. Median creatinine-adjusted phthalate metabolite levels [ug/g] for different age groups in
the total population (n=583)

Median creatinine-adjusted phthalate metabolite levels [ug/g]

6-10 years 11-15years 18-24years 25-50years 51-64 years 265 years

(n=115) (n=130) (n=44) (n=158) (n=67) (n=69)
MEHP 1.1 0.85 0.29 n.d. n.d. n.d.
50x0-MEHP 5.9 3.0 1.3 0.94 11 1.6
50H-MEHP 7.0 4.3 15 1.7 1.7 2.9
5cx-MEPP 20.3 14.6 5.3 6.1 6.5 9.2
MEP 20.1 21.5 25.8 26.1 34.9 31.7
MBzP 3.4 2.5 14 1.4 1.1 14
MnBP 15.2 11.6 6.7 6.6 6.5 11.7
MiBP 395 29.1 215 20.1 24.5 27.3
MCHP n.d. n.d. n.d. n.d. n.d. n.d.
3cx-MPP 3.2 1.4 0.88 1.0 11 2.8
MnOP n.d. n.d. n.d. n.d. n.d. n.d.
MnPeP n.d. n.d. n.d. n.d. n.d. n.d.
MiNP n.d. n.d. n.d. n.d. n.d. n.d.
MiDP n.d. n.d. n.d. n.d. n.d. n.d.

Notes: for statistical analysis, phthalate metabolites <LOD, LOD/2 was used.
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Figure 59. Distributions of urinary DEHP metabolite concentrations (MEHP, 50x0-MEHP, 50H-
MEHP and 5cx-MEPP) [ug/l]] among different age groups of the total study population (n=595)
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Figure 60. Distribution of urinary MEP concentrations [pg/l]] among different age groups of the total

study population (n=595)
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Figure 61. Distribution of urinary MBzP concentrations [pg/l] among different age groups of the

total study population (n=595)
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Figure 62. Distribution of urinary MnBP concentrations [ug/l] among different age groups of the
total study population (n=595)
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Figure 63. Distribution of urinary MiBP concentrations [pg/l] among different age groups of the
total study population (n=595)

3.1.7.2 Sex

The total study population consisted of 309 females and 286 males. In order to identify
potential associations between urinary phthalate metabolite concentrations and sex,
Mann-Whitney U-tests were performed for each study population group. Among the
group of Children Il and the group of Elderly People, no statistically significant sex-
related differences were identified. Among the Children | group, females (n=15)
exhibited significantly higher MEP exposure (for both creatinine-adjusted and
creatinine-unadjusted concentrations; p=0.045 each) and MnBP exposure (only for
creatinine-unadjusted concentrations; p=0.045) than males (n=16). Nevertheless, the
small sample size must be considered. Among the group of Adults, several statistically
significant sex-related differences were identified for creatinine-adjusted MEP
(p=0.021), 50x0-MEHP (p=0.000), MBzP (p=0.010), MnBP (p=0.000), 50H-MEHP
(p=0.000), MiBP (p=0.000), 5cx-MEPP (p=0.021) and MIiNP (p=0.007), as well as for
creatinine-unadjusted 50xo-MEHP (p=0.080), MBzP (p=0.021), MnBP (p=0.000), 50H-
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MEHP (p=0.019), MiBP (p=0.045) and MINP (p=0.006). Concerning all these
metabolites, females (n=162) were more highly exposed than males (n=110).

3.1.7.3 Regional differences

The study population was divided into two geographic regions (cf. Figure 12): East
Austria including the federal states of Vienna, Lower Austria, Burgenland and Styria,
and West Austria including the federal states of Vorarlberg, Tyrol, Salzburg and Upper
Austria, with 60% of the total study population (n=357) being from the east and 40%
(n=235) from the west of Austria. Creatinine-adjusted and creatinine-unadjusted
phthalate metabolite concentrations were tested for regional differences with Mann-
Whitney U-test for non-parametric hypotheses tests at a significance level of 0.05.
Statistically significant differences were identified for the creatinine-unadjusted as well
as the creatinine-adjusted phthalate metabolites 50xo-MEHP (p=0.003 and 0.002,
respectively), MBzP (p=0.029 and 0.011, respectively), MEHP (p=0.000 in both cases),
50H-MEHP (p=0.011 and 0.003, respectively), 5cx-MEPP (0.003 in both cases) and
MINP (0.045 and 0.37, respectively). Participants from East Austria exhibited higher
levels of exposure, and thus an east-west decline was identified. For all DEHP
metabolites (MEHP, 50xo-MEHP, 50H-MEHP and 5cx-MEHP), significantly higher
levels were found in East Austria, which suggests that DEHP exposure also follows an

east-west decline.
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Figure 64. Distribution of creatinine-adjusted 50xo-MEHP [ug/g] and 5oxo-MEHP [ug/l] among
participants from East Austria (n=354 and 357, respectively), and from West Austria (n=228 and
235, respectively)
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Figure 65. Distribution of creatinine-adjusted MEHP [ug/g] and MEHP [ug/l] among participants
from East Austria (n=354 and 357, respectively), and from West Austria (n=228 and 235,
respectively)
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Figure 66. Distribution of creatinine-adjusted 50H-MEHP [pg/g] and 50H-MEHP [ug/l]] among
participants from East Austria (n=354 and 357, respectively), and from West Austria (n=228 and
235, respectively)
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Figure 67. Distribution of creatinine-adjusted 5cx-MEPP [pg/g] and 5cx-MEPP [ug/l] among
participants from East Austria (n=354 and 357, respectively), and from West Austria (n=228 and

235, respectively)
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Figure 68. Distribution of creatinine-adjusted MBzP [ug/g] and MBzP [ug/l] among participants from
East Austria (n=354 and 357, respectively), and from West Austria (n=228 and 235, respectively)

3.1.7.4 Residential area

Urban, suburban and rural areas were surveyed in the questionnaires. Because of the
suboptimal distribution of participants and the similarity of the groups “urban” and
“suburban”, they have been combined to form the single category “(sub)urban” in the
following.

55% (n=229) of the participants from the total study population reported living in rural
areas and 45% (n=284) in (sub)urban areas (Figure 69). The distribution was similarly
divided as concerns the east and the west of Austria, with 57% (n=180) of the
participants living in rural areas and 47% (n=136) in (sub)urban areas in East Austria,
and 53% (n=92) living in rural areas and 43% (n=104) living in (sub)urban areas in
West Austria.

Residential Area

M (sub)urban
55% rural

Figure 69. Distribution of participants of the total study population living in (sub)urban areas
(n=229) and rural areas (n=284)

A Mann-Whitney U test at a 0.05 significance level identified significant differences

between the residential area and creatinine-unadjusted and creatinine-adjusted MEP
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(p=0.000 and 0.042, respectively), creatinine-adjusted 5oxo-MEHP (p=0.006),
creatinine-adjusted 50H-MEHP (p=0.021) and creatinine-unadjusted 5cx-MEPP
(p=0.036).

In general, participants from (sub)urban areas showed significantly higher exposure
levels to certain phthalate metabolites compared to participants from rural areas
(Figure 70 - Figure 72). Although one participant from a rural area exhibited a higher
maximum 5cx-MEPP level compared to the maximum level of a participant from a

(sub)urban area, the overall exposure was higher in (sub)urban areas (Figure 72).
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Figure 70. Distribution of creatinine-adjusted MEP [ug/g] and MEP [ug/l]] among participants from
(sub)urban areas (n=223 and 229, respectively) and from rural areas (n=280 and 284, respectively)

Creatinine-adjusted 5oxo-MEHP Creatinine-adjusted 50H-MEHP

100 - 140 -
= 0 [ = 120 [
) ] J
3 w0 E
= 70 - = 100
2 s
E 60 - E 30
€ 50 t
-] -]
=] 2 60 o
£ 40 o « 95P 5 * 95P
3 8
= 30 A = 40 -
1) ]
£ 20 - £
=3 3 20 -
5 40 4 =]

0 = : 0 == :
(subjurban rural (subjurban rural
Residential Area Residential Area

Figure 71. Distributions of two creatinine-adjusted DEHP metabolites (50xo-MEHP and 50H-MEHP

[ug/g]) among participants from (sub)urban areas (n=223) and from rural areas (n=280)
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Figure 72. Distribution of 5cx-MEPP [ug/l] among participants from (sub)urban areas (n=229) and
from rural areas (n=284)

3.1.7.5 Anthropometric characteristics

Anthropometric characteristics (BMI, WC, AC, HC and WHR) of each study population
group are listed in Chapter 3.1.1.

Statistically significant differences between different BMI categories only existed in the
group of Elderly People. Kruskal-Wallis tests at 0.05 significance level identified
significant differences in the case of 50H-MEHP (p=0.009), 5cx-MEPP (p=0.003) and
3cx-MPP (p=0.032). For these phthalate metabolites, increasing levels were found with
increasing BMI (Figure 73 to Figure 75).
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Figure 73. Distribution of urinary 50H-MEHP concentrations [ug/l] in the group of Elderly People

with underweight (n=11), normal weight (h=41) and overweight (n=19)
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Figure 74. Distribution of urinary 5cx-MEPP concentrations [ug/I] in the group of Elderly People
with underweight (n=11), normal weight (n=41) and overweight (n=19)
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Figure 75. Distribution of urinary 3cx-MPP concentrations [pg/l] in the group of Elderly People with
underweight (n=11), normal weight (n=41) and overweight (n=19)

For the investigation of possible correlations between several anthropometric data and
urinary phthalate metabolite concentrations, two-sided Spearman correlations were
performed. Among the group of Children I, a significant negative correlation was
observed between MEP and WC (r=-0.425) and a significant positive correlation
between creatinine-adjusted MBzP and WHR (r=0.397). Both correlations were
significant at a significance level of 0.05. Among the Children Il group, significant
correlations were shown at a level of 0.01 for MCHP and WC (r=0.194), AC (r=0.230)
and HC (r=0.220), as well as for creatinine-adjusted MCHP and AC (r=0.211) and HC
(r=0.201). Additionally, in the same group, positive correlations were found at a 0.05
significance level between AC and MnBP (r=0.137). Among the group of Adults,
significant negative correlations existed between MnBP and both WC (r=-0.138 at 0.05
significance level) as well as WHR (r=-0.171 at 0.01 significance level), between
creatinine-adjusted MnBP and WC (-0.178 at 0.01 a significance level) and WHR (r=-
0.200 at a 0.01 significance level), and between creatinine-adjusted 50xo-MEHP and
WHR (r=-0.135 at a 0.05 significance level). Among the group of Elderly People,

positive correlations were identified between MEHP and WC (r=0.277), creatinine-
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adjusted MEHP and WC (r=0.292), 5cx-MEPP and WC (r=0.273), AC (r=0.284) and
HC (r=0.276), and between creatinine-adjusted 5cx-MEPP and HC (r=0.239).
Additionally, positive correlations were found between 50OH-MEHP and WC (r=0.262),
AC (r=0.249) and HC (r=0.261). These correlations were significant at a 0.05

significance level.

3.1.7.6 Diseases /disorders

The occurrence of several diseases and/or disorders was surveyed among the study
groups of Adults and Elderly People. The frequencies and distributions of reported
diseases and disorders are illustrated in Table 77 and Figure 76. It is important to note
that participants were allowed to report more than one disease/disorder.
Conspicuously, most adults (60%) reported not currently suffering from nor being
aware of having any diseases/disorders, whereas only a few elderly people (13%)

reported the same.

Among the group of Adults, most reported disorders were food allergies/intolerances
(n=30; 12%) and hypertension (n=24; 10%). Among the group of Elderly People, most
reported diseases/disorders were hypertension (n=42; 62%), cardiovascular diseases
(n=17; 25%), high serum cholesterol/hyperlipoproteinamiae (n=16; 24%) and diabetes
mellitus (n=15; 22%). These diseases and/or disorders were investigated in relation to

phthalate exposure.

Table 77. Occurrence of different diseases / disorders among the groups of Adults (n=242) and
Elderly People (n=68)

Disease / disorder Freque(gggzilg)adults Freggﬁglcg(i::%lg)erly
Diabetes mellitus 1 (<1%) 15 (22%)
Food allergies, food intolerances 30 (12%) 4 (6%)
Hypertension 24 (10%) 42 (62%)
Cardiovascular diseases 3 (1%) 17 (25%)
High serum cholesterol, hyperlipoproteinamiae 11 (5%) 16 (24%)
Coeliac disease 0 (0%) 0 (0%)
Disorders of the gastrointestinal tract 13 (5%) 8 (12%)
Absence of appetite 1 (<1%) 0 (0%)
Problems with chewing and deglutition 1 (<1%) 3 (4%)
Other diseases / disorders 32 (13%)* 8 (12%)**
No disease / disorder known 145 (60%) 9 (13%)

* Other reported diseases/disorders among the group of Adults (n): hypothyreoidea (5), neurodermitis (4), sleeping disturbances
(3), migraine (3), rhinitis (2), pollen allergy (2), Morbus Wilson (1), anemiae (1), penicillin allergy (1), iron deficiency (1), burnout
(1), multiple sclerosis (1), chronic sinusiotis (1), blood coagulation disturbance factor 8 (1), hemiparesis (1), hepatitis B (1),
glaucoma (1), periodontitis (1), apnoea (1), reflux (1)

** Other reported diseases/disorders among the group of Elderly People (n): increased prostate (2), chronic obstructive lung
disease (1), Morbus Crohn (1), reflux (1), herniated disc (1), dyspnoea (laboured breathing) (1), stenosis (1)

Note: Participants were able to report more than one disease or disorder. Thus, the total number of all diseases/disorders is
higher than total n of participants.
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Diseases/disorders among adults Diseases/disorders among elderly
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Abbreviations: AA, absence of appetite; CD, coeliac disease; CVD, cardiovascular diseases, FA, food allergies / intolerances; GIT,
disorders of the gastrointestinal tract; HSC, high serum cholesterol/hyperlipoproteinaemia; HPT, hypertension; PCD, problems with
chewing or deglutition.

Figure 76. Distributions of the occurrence of different diseases / disorders among the groups of
Adults (n=242) and Elderly People (n=68)

Adults

Food allergies/intolerances

Among the group of Adults, 30 participants (12%) reported suffering from food allergies
or food intolerances. Significant differences were identified for MiDP (p=0.038) and
creatinine-adjusted MiDP (p=0.031) after Mann-Whitney U tests were performed.
However, only a few samples showed positive MIiDP levels. Additionally, MiDP is not
an appropriate biomarker for DIDP exposure, because it is eliminated only in small

amounts in urine. Thus, no clear and reasonable conclusion can be drawn.

Hypertension

24 participants from the group of Adults (10%) reported suffering from hypertension.
Significant differences were found for 3cx-MPP (p=0.019) and creatinine-adjusted 3cx-
MPP (p=0.027). Participants with self-reported hypertension showed significantly lower
exposure to 3cx-MEPP than without hypertension (Figure 77). These results are
contrary to findings from the group of Elderly People (see below). Additionally, sample

size distribution may not have been ideal.
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Figure 77. Distributions of creatinine-adjusted 3cx-MPP [ug/g] and creatinine-unadjusted 3cx-MPP

[ug/l] among participants from the group of Adults with self-reported hypertension (n=23 and 215,

respectively) and without (n=24 and 217, respectively)

Elderly People

Hypertension

Among the group of Elderly People, 42 participants (62%) reported suffering from

hypertension in their questionnaires. Mann-Whitney U-tests revealed statistically

significant differences between the occurrence of hypertension and creatinine-
unadjusted 50xo-MEHP (p=0.009), 50H-MEHP (p=0.008), 3cx-MPP (p=0.015) and
5¢cx-MEPP (p=0.001), as well as between creatinine-adjusted 50H-MEHP (p=0.037)
and 5¢cx-MEPP (p=0.005). For all named phthalate metabolites, participants suffering

from hypertension showed significantly higher

hypertension (Figure 78 to Figure 81).
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Figure 78. Distributions of creatinine-adjusted 5¢cx-MEPP [ug/g] and creatinine-unadjusted 5cx-

MEPP [pg/l] among participants from the group of Elderly People with self-reported hypertension

(n=40 and 42, respectively) and without (n=25 and 26, respectively)
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Figure 79. Distributions of creatinine-adjusted 50H-MEHP [ug/g] and creatinine-unadjusted 50H-
MEHP [ug/l] among participants from the group of Elderly People with self-reported hypertension
(n=40 and 42, respectively) and without (n=25 and 26, respectively)
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Figure 80. Distribution of 50xo-MEHP [upg/l]] among participants from the group of Elderly People
with self-reported hypertension (n=42) and without (n=26)
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Figure 81. Distribution of 3cx-MPP [ug/l] among participants from the group of Elderly People with
self-reported hypertension (n=42) and without (n=26)
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High serum cholesterol, hyperlipoproteinamiae

24% (n=16) participants from the study group of Elderly People reported suffering from
high serum cholesterol/hyperlipoproteinamiae. Mann-Whitney U tests identified
statistically significant differences were identified for creatinine-adjusted and creatinine-
unadjusted MnPeP (p=0.013 and 0.010, respectively). However, only two samples
showed positive results for MnPeP, both of whom had high serum cholesterol. Thus, no

clear or realistic relationship can be concluded.

Cardiovascular diseases

No significant differences were identified for participants from the group of Elderly
People, regardless of the existence of self-reported cardiovascular diseases.

Diabetes mellitus

No significant differences were identified for the group of Elderly People, regardless of

the existence of self-reported diabetes mellitus.

3.1.7.7 Allergies

Table 78. Distributions of participants with and without self-reported allergies from the groups of
Children I, Children Il, Adults and Elderly People

Reported allergies No reported allergies
Children | (n=26) 3 (12%) 23 (88%)
Children Il (n=174) 41 (24%) 133 (76%)
Adults (n=222) 51 (23%) 171 (77%)
Elderly People (n=51) 12 (24%) 39 (76%)

Mann-Whitney U tests revealed several statistically significant differences between
participants with and without self-reported allergies. Among the group of Adults,
significant differences existed for creatinine-adjusted and creatinine-unadjusted MCHP
(p=0.009 and 0.004, respectively), and among the group of Elderly People for
creatinine-adjusted 50xo-MEHP (p=0.023), MnBP (p=0.016) and MiBP (p=0.023). For
all significant differences, participants who reported suffering from allergies showed

lower urinary phthalate metabolite levels.
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3.1.7.8 Intake of pharmaceuticals

Among the Adult group, 88 participants (34%) reported a daily consumption of one or
more pharmaceuticals. Among the group of Elderly People, the rate of persons

consuming pharmaceuticals was high (n=65; 92%).

Adults

Mann-Whitney U tests identified significant differences between the presence and lack
of daily consumption of pharmaceuticals for creatinine-adjusted and creatinine-
unadjusted MEHP (p=0.022 and 0.023, respectively), with participants who consumed
pharmaceuticals daily exhibiting higher MEHP exposure levels, although the maximum
urinary MEHP concentration was detected in an adult who did not consume any
pharmaceuticals.

Elderly People

Table 79 illustrates the reported daily intake and types of pharmaceuticals consumed

by participants from the group of Elderly People.

Among participants from the group of Elderly People who reported using
pharmaceuticals daily, the number of pharmaceuticals consumed per day ranged
between 1 and 13 pharmaceuticals (3.3+2.6, mean+SD). A Spearman correlation
identified statistically significant correlations between the amount of pharmaceuticals
consumed per day and creatinine-adjusted MBzP (r=0.320, p=0.05), MEHP (r=0.279,
p=0.05), 50H-MEHP (r=0.293, p=0.05), 5cx-MEPP (0.330, p=0.01), MiBP (r=0.274,
p=0.05) and 3cx-MPP (r=0.471, r=0.01), and creatinine-unadjusted MiBP (r=0.248,
p=0.05) and 3cx-MPP (r=0.0394, p=0.01). All statistically significant correlations were
positive, which supports the possibility that the intake of pharmaceuticals may
contribute to overall phthalate exposure. Additionally, it is notable that significant
results were found for nearly all creatinine-adjusted DEHP metabolites, except for
50xo0-MEHP.

Between categories of daily pharmaceutical consumption, Mann-Whitney U tests
revealed statistically significant differences for creatinine-unadjusted as well as
creatinine-adjusted MEHP (p=0.032 and 0.027, respectively; Figure 82), and 3cx-
MEPP (p=0.000; Figure 83).
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Table 79. Overview of pharmaceutical intake among participants from the group of Elderly People

Frequency of pharmaceutical intake

Daily intake of pharmaceuticals yes no

65 6

Medication group
Group n
Cardiovascular System
(drugs affecting the renin-angiotensin-system, drugs affecting lipid metabolism, vasoprotectors, 81
peripheral antagonists, beta-adenoreceptor antagonists, vasodilators, heart therapy, anti-
hypertonia)
Alimentary system and metabolism
(vasoprotectors, drugs against acid reflux disease, anti-diabetic drugs excl. insulin, laxatives, drugs 22
for functional gastrointestinal disorders)
Blood and haematopoietic organs 21
(anti-thrombotic drugs, anti-anaemic drugs)
Nervous system
(psychoanaleptica, other drugs for the nervous system, anti-Parkinson drugs, anti-epileptic drugs) 18
Hormones
(thyroid hormones) 13
Muscle and skeletal system
(anti-phlogistic and anti-rheumatic drugs) 4
Respiratory tract
(drugs for obstructive respiratory diseases) 3
Sensory organs
(Glaucoma drugs and mioticas) 2
Urogenital system and sex hormones 2
(urologic drugs)
Antineoplastic and immunomodulating substances 1
(Endocrine therapy)
Application type

Type n
Film tablets 80
Tablets 67
Capsules 15
Others 6

Notes: In several cases, participants reported the intake of more than one single pharmaceutical.
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Figure 82. Distributions of creatinine-unadjusted MEHP [ug/I] and creatinine-adjusted MEHP [ug/g]

from the group of Elderly People who reported either a consumption of 1-3 pharmaceuticals per

day (n=38 and 37, respectively) or a consumption of more than 4 pharmaceuticals per day (n=26

and 24, respectively)
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Figure 83. Distributions of creatinine-unadjusted 3cx-MPP [ug/I] and creatinine-adjusted 3cx-MPP
[ug/g] from the group of Elderly People who reported either a consumption of 1-3 pharmaceuticals
per day (n=38 and 37, respectively) or a consumption of more than 4 pharmaceuticals per day

(n=26 and 24, respectively)

Concerning the daily intake of different application types, statistically significant
differences were observed for the daily consumptions of both film tablets and capsules.
Participants from the group of Elderly People who consumed capsules daily showed a
significantly higher exposure to creatinine-adjusted MBzP (p=0.035), although the
sample size distribution was imbalanced (Figure 84). Participants who consumed film
tablets daily showed statistically significant exposures to creatinine-adjusted and
creatinine-unadjusted 3cx-MPP (p=0.009 and 0.022, respectively) and creatinine-
adjusted 5cx-MEPP (p=0.030) compared to participants who did not consume film

tables each day.
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Figure 84. Distribution of creatinine-adjusted MBzP [ug/g] among participants from the group of

Elderly People who either did (n=7) or did not consume capsules daily (n=47)
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Figure 85. Distributions of creatinine-unadjusted 3cx-MPP [ug/l] and creatinine-adjusted 3cx-MPP

[ug/g] among participants from the group of Elderly People who either did (n=42 and 40,

respectively) or did not consume film tablets daily (n=14)
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Figure 86. Distribution of creatinine-adjusted 5cx-MEPP [ug/g] among participants from the group

of Elderly People who either did (n=40) or did not consume film tablets daily (n=14)

3.1.7.9 Smoking behaviour

Among participants from the group of Adults, 64 participants (24%) reported being

smokers and 202 participants (76%) reported being non-smokers. Concerning smoking

behaviour, significant differences were observed between the two groups for MnBP

(p=0.030), and 5cx-MEPP (creatinine-adjusted and creatinine-unadjusted levels;

p=0.047 and 0.037, respectively). Distributions are illustrated in Figure 87 and Figure

88. Conspicuously, non-smokers were significantly higher exposed to MnBP and 5cx-

MEPP than smokers.
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Figure 87. Distribution of MnBP concentrations [pg/l] in smokers (n=64) and non-smokers (n=202)
from the group of Adults
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Figure 88. Distributions of 5cx-MEPP concentrations [pg/l] and creatinine-adjusted 5cx-MEPP
concentrations [ug/g] in smokers (n=64) and non-smokers (n=202 and 199, respectively) from the
group of Adults

Among the group of Elderly People, 5 participants (8%) reported being smoker,
whereas 59 participants (92%) were non-smokers. On the one hand, no significant
differences could be identified between smokers and non-smokers regarding phthalate

metabolite exposure, but on the other hand, sample size distribution was not optimal.

3.1.7.10 Nutrition

Data on the frequency of food intake were surveyed by a Food Frequency
Questionnaire (FFQ). The frequencies of food intakes were summarised into three
different groups: no or infrequent intake, normal intake (1-3 times per week) and
frequent intake (four times or more per week). In total, 33 food groups were surveyed.

In Table 80, frequencies of food group intakes are shown for the total study population.
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Table 80. Frequencies of intake of different food types among the total study population (n=563-

575) in relation to the observed urinary phthalate metabolite concentrations

Intake
Total n Never / Normal (1-3 Frequent (4

Food group infrequent times/week) times/week to

>4 times/d)
Rice, pasta 563 150 (27%) 346 (61%) 67 (12%)
Bread, brown 552 92 (17%) 142 (26%) 318 (57%)
Bread, white 550 158 (29%) 257 (47%) 135 (24%)
Bread, wholemeal 541 117 (33%) 204 (38%) 160 (29%)
Potatoes 567 145 (25%) 356 (63%) 66 (12%)
Vegetables 570 78 (14%) 222 (39%) 270 (47%)
Fruits, fresh 570 42 (7%) 142 (25%) 386 (68%)
Fruit pulp 549 408 (74%) 101 (19%) 40 (7%)
Milk, milk drinks 568 118 (21%) 145 (25%) 305 (54%)
Meat (beef, pork) 572 180 (32%) 321 (56%) 71 (12%)
Poultry 570 232 (41%) 311 (54%) 27 (5%)
Sausages, cold meat 560 129 (23%) 246 (44%) 185 (33%)
Fish 567 295 (52%) 255 (45%) 17 (3%)
Eggs 569 231 (40%) 282 (50%) 56 (10%)
Legumes 572 417 (73%) 141 (25%) 14 (2%)
Almonds, peanuts, nuts 575 361 (63%) 150 (26%) 64 (11%)
Butter, oils 556 104 (19%) 146 (26%) 306 (55%)
Pastries, cakes 568 160 (28%) 324 (57%) 84 (15%)
Chocolate, sweets 570 130 (23%) 235 (41%) 205 (36%)
Fruit or vegetable juices 563 198 (35%) 174 (31%) 191 (34%)
Soft drinks 560 329 (59%) 134 (24%) 97 (17%)
Carbonated beverages 569 234 (41%) 150 (26%) 185 (33%)
Tea 560 211 (38%) 156 (28%) 193 (34%)
Coffee 568 257 (45%) 41 (7%) 270 (48%)
Tab water, mineral water 566 32 (6%) 46 (8%) 488 (86%)
Alcoholic beverages 562 355 (63%) 146 (26%) 61 (11%)
Alcoholic beverages: Children | 25 24 (96%) 0 (0%) 1 (4%)
Alcoholic beverages: Children I 208 201 (97%) 5 (2%) 2 (1%)
Alcoholic beverages: Adults 263 103 (39%) 122 (47%) 38 (14%)
Alcoholic beverages: Elderly People 66 27 (41%) 19 (29%) 20 (30%)
Canned food 564 439 (78%) 111 (20%) 14 (2%)
Fast Food, Take Away 558 464 (83%) 79 (14%) 15 (3%)
French fries 568 465 (82%) 87 (15%) 16 (3%)
Microwave popcorn 561 503 (90%) 47 (8%) 11 (2%)
Beverages in TetraPak 555 362 (65%) 135 (24%) 58 (11%)
Beverages in PET 561 323 (57%) 133 (24%) 105 (19%)
Beverages in plastic containers 564 468 (83%) 49 (9%) 47 (8%)

The consumption frequencies of 33 different food types were summarised in three

categories in order to enable appropriate statistical analysis. Potential statistically

significant relationships were investigated for DEHP metabolites (MEHP, 50xo-MEHP,
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50H-MEHP and 5cx-MEPP) and low molecular weight phthalate metabolites including
MEP, MnBP, MiBP, MnPeP, MCHP and MBzP. Urinary phthalate metabolites were
transformed into logarithmic values excluding zero values. A linear model with two
covariates (age and BMI) and two fixed-effect factors (sex and food type) was used for
the explanation of the variation.

DEHP metabolites

The variable “age” was statistically significant in most of the models. The food types
rice/pasta, bread (brown), almonds/nuts/peanuts, butter/oils, tab water/mineral water,
French fries and microwave popcorn were statistically significant at the 0.05
significance level. For all these models, the coefficient of determination (R?) varied from
0.1to 0.12.

The exposure to DEHP metabolites was lower in participants who consumed rice/pasta
more frequently. Regarding the consumption of nuts, participants with infrequent
intakes (<1 times/month) as well as participants with more frequent intakes (>3
times/month) showed greater exposure to DEHP metabolites. Thus, clear conclusions
could not be made. Statistically significant contributions to the exposure to DEHP
metabolites were observed for French fries and microwave popcorn, where a higher

exposure was found in participants with more frequent consumptions.

Low molecular weight phthalate metabolites

For logarithmic low molecular weight phthalate metabolites, no statistically significant
relationships with the frequency of intake of any food type could be identified.
Additionally, in contrast to the logarithmic DEHP metabolites, age did not contribute

significantly to the exposure to logarithmic low molecular weight phthalate metabolites.

3.1.7.11 Occupation
3.1.7.11.1 Current employment (among the group of Adults)

Table 81 shows the distributions of participants from the group of Adults who reported

being either employed or unemployed during the survey period.

Among female adults, significant differences were identified by a Mann-Whitney U test
at a 0.05 significance level between employed and unemployed participants and
creatinine-unadjusted 50xo-MEHP (p=0.034), MEHP (p=0.038), 5cx-MEPP (p=0.003),
MBzP (p=0.017) and creatinine-adjusted MEP (p=0.039). For the DEHP metabolites
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and MBzP, unemployed females exhibited higher exposure than to employed females

(Figure 89 and Figure 90). For creatinine-adjusted MEP, findings were reversed;

however, P95 and median values were similar for both groups (Figure 91). Among

male adults, no significant differences were observed.

Table 81. Distribution of participants from the group of Adults who were either employed or

unemployed during the survey period (n=266)

employed unemployed
Total (N=266) 188 (71%) 78 (29%)
Females (n=159) 107 (67%) 52 (33%)
Males (n=107) 81 (76%) 26 (24%)
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Figure 89. Distributions of urinary DEHP metabolites (50xo-MEHP, 5¢cx-MEPP and MEHP) [ug/l]

among employed females (n=107) and unemployed females (n=52) from the group of Adults
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Figure 90. Distribution of urinary MBzP [ug/l] among employed females (n=107) and unemployed
females (n=52) from the group of Adults
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Figure 91. Distribution of creatinine-adjusted MEP [ug/l] among employed females (n=106) and
unemployed females (n=51) from the group of Adults

Table 82 shows the distribution of employment positions among the Adults group, as
well as among male and female adults who were gainfully employed during the survey
period. Because of the small sample sizes among workers/unskilled workers, farmers
and other employment positions in males, these groups were not included in the
statistical analysis. Among females, skilled workers/craftsmen and farmers were

excluded for the same reason.

Table 82. Distribution of employment positions among participants from the group of Adults

(n=182) with paid employment during the survey period

Total (n=182) Males (n=80) Females (n=102)

Company or public employee 102 (56%) 36 (45%) 66 (65%)
Company or public employee in leading 25 (14%) 15 (19%) 10 (10%)
position

Worker / unskilled worker 19 (10%) 3 (4%) 16 (15%)
Skilled worker / craftsman 18 (10%) 17 (21%) 1 (1%)
Self-employed 11 (6%) 6 (8%) 5 (5%)
Farmer 1 (<1%) 1 (1%) 0 (0%)
Other employment 6 (3%) 2 (2%) 4 (4%)

Among females, no significant differences were identified, but among males, however,
significant differences were identified by Kruskal-Wallis tests at a 0.05 significance
level for MnBP (p=0.013) and 5cx-MEPP (p=0.002) between the different employment
positions (Figure 92 and Figure 93).



182

MnBP (males)

< 40

E

e 30

.0

® 20

c

g 10 =

‘°>J. O T T T T 1

§ skilled worker/craftsman self-employed company or public company or public

'g employee employee in leading
position

Employment position

Figure 92. Distribution of urinary MnBP concentrations [ug/I] for the employment positions skilled
worker/craftsman (n=17), self-employed (n=6), company or public employee (n=36) and company or

public employee in leading position (n=15) among males from the group of Adults
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Figure 93. Distribution of urinary 5cx-MEPP concentrations [ug/l]] for the employment positions
skilled worker/craftsman (n=17), self-employed (n=6), company or public employee (n=36) and
company or public employee in leading position (n=15) among males from the group of Adults

3.1.7.11.2 Working sectors

Adults

Participants from the Adult group were asked to report the sector in which they were
working at time of completing the survey. Results are given in Table 83. The majority of
adults worked at sectors other than those available for selection. The other sectors
reported were the education sector (n=30), students (n=23), the IT sector (n=14),
bureau work (n=11), the construction sector (n=6), the social sector and the
recreational sector (n=6 in each case), working at home, retirees, the transport sector
and the tourism sector (n=4 in each case), the cleaning sector and the service sector

(n=3 in each case), as well as the property sector, the research sector and the sales
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sector (n=2 in each case). Some other reported sectors could not be classified or were

still missing.

Table 83. Distribution of participants (n=238) from the group of Adults working in different sectors

Working sector Frequency (Percent) (n=238)
Food sector 36 (15%)
Medicine sector 16 (7%)
Construction materials sector 7 (3%)
Chemistry sector 7 (3%)
Wood sector 5 (2%)
Veterinary medicine sector 5 (2%)
Textile sector 3 (1%)
Animal breeding sector 2 (<1%)
Drugstore sector 2 (<1%)
Synthetics/plastics sector 2 (<1%)
Pharma sector 1 (<1%)
Furniture sector 0 (0%)
Cosmetic sector 0 (0%)
Other sector 153 (64%)

For statistical analysis, sectors in which 0-3 participants were working were excluded
(the textile, plastics/synthetics, pharma, drugstore, furniture, cosmetics, animal
breeding, cleaning, service, property, research and sales sectors). Kruskal-Wallis tests
identified significant differences between working sectors for 50xo-MEHP (p=0.029),
5¢cx-MEPP (p=0.002) and MiBP (p=0.017), as well as for creatinine-adjusted MnBP
(p=0.045). The highest exposure to 50xo-MEHP was observed in students and
participants from the tourism sector, the highest exposure to 5cx-MEPP in students, the
highest exposure to MIiBP in participants from the tourism sector, students and the
chemistry sector, and the highest exposure to creatinine-adjusted MnBP in participants

from the social sector and from the veterinary medicine sector.

3.1.7.11.3Workplace

Differences and associations between several parameters related to the workplace
were solely investigated in participants from the group of Adults, because it is the main

working-age population group.

Construction work

53 adults (24%) out of 220 participants reported there having been construction work at

completed at their workplace within the last 5 years. Significant differences were
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identified by a Mann-Whitney U test for creatinine-adjusted MEP (p=0.033), as well as
creatinine-adjusted and creatinine-unadjusted MINP (p=0.023 and 0.022, respectively).
Adults who reported there having been construction work exhibited significantly higher
exposure to creatinine-adjusted MEP (median, P95 and quantiles) (Figure 94). MiNP
levels were higher in adults who reported there having been no construction work.
However, MiNP is not accurate as a biomarker for investigating DiNP exposure, and

additionally, only a few positive urinary MiNP levels were detected.
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Figure 94. Distribution of creatinine-adjusted MEP concentrations [pg/g] in participants from the
group of Adults who had construction work at their workplace within the last 5 years (n=53) and

participants who had no construction work at their workplace (n=167)

Flooring

Figure 95 shows the distribution of different types of flooring materials at workplace. No
statistically significant associations were identified between urinary phthalate

metabolite concentrations and the type of flooring at the workplace.
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Figure 95. Distribution of flooring material types at the workplace among participants from the
group of Adults (n=183)



185

Contact with cleaning products

A Mann-Whitney U test at a significance level of 0.05 identified statistically significant
differences for creatinine-adjusted and creatinine-unadjusted MEHP (p=0.022 and
0.024, respectively). Participants who had regularly contact with cleaning products
exhibited higher MEHP exposure than those without contact with cleaning products
(Figure 96). However, sample size distribution is not optimal.
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Figure 96. Distribution of MEHP [ug/l] and creatinine-adjusted MEHP [pg/g] among participants
from the group of Adults who had contact with cleaning products (n=135 and 134, respectively)
and those who had not (n=15)

For MCHP, a significant difference was observed (p=0.028; Figure 97), with adults who
reported having no contact with cleaning products exhibiting slightly higher exposure to

MCHP. As noted above, however, the sample size distribution was not optimal.
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Figure 97. Distribution of MCHP [ug/l] among participants from the group of Adults who had

contact with cleaning products (h=135) and those who did not (n=15)
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For MiNP (creatinine-adjusted and creatinine-unadjusted) and for MnPeP (only the
creatinine-adjusted) statistically significant differences were also identified (p=0.012,
0.009 and 0.045, respectively). However, although the results were statistically
significant, a clear conclusion cannot be drawn, because only a few participants
showed positive but low levels, and MINP is not an accurate biomarker for DIDP
exposure.

Contact with chemicals

Regarding contact with chemicals, a statistically significant difference was found for
5¢cx-MEPP (p=0.045; Figure 98), with adults who reported no contact with chemicals
exhibiting higher exposure to 5cx-MEPP.
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Figure 98. Distribution of 5cx-MEPP [pg/l] among participants from the group of Adults who had

contact with chemicals (n=32) and who had not (n=117)

3.1.7.12 Place of residence
3.1.7.12.1 Current place of residence

Table 84 shows the distributions of children, adults and elderly people living in houses
or apartments, and the date of the place of residence’s construction, respectively.
Significant differences between current place of residence and phthalate metabolite

exposure were only observed in children.
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Table 84. Distribution of current place of residence of participants from the different study

population groups

Current place of residence Time of construction

House Apartment before 1945 after 1945
Children | 17 13 4 19
Children 11 138 63 26 135
Adults 134 127 49 182
Elderly People 32 32 6 47

Children |

Among the Children | group, statistically significant differences existed between current
place of residence (house or apartment) and creatinine-adjusted MEP (p=0.002), 50xo-
MEHP (p=0.028), 50H-MEHP (p=0.032) and 5cx-MEPP (p=0.036), as well as
creatinine-unadjusted and creatinine-adjusted MEHP (p=0.043 and 0.015,
respectively). Children from this study population group were significantly more highly
exposed to the named phthalate metabolites when lived in an apartment. Considerably,
all creatinine-adjusted metabolites of DEHP showed higher exposures which leads to
the conclusion that children living in apartments were more exposed to DEHP

compared to children living in houses.
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Figure 99. Distribution of creatinine-adjusted MEP [pg/g] among participants from the group of

Children I living in houses (n=16) and apartments (n=13)
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Figure 100. Distribution of creatinine-adjusted 50xo0-MEHP, 50H-MEHP and 5cx-MEPP [ug/g]
among participants from the group of Children I living in houses (n=16) and apartments (n=13)
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Figure 101. Distribution of creatinine-unadjusted MEHP [ug/I] and creatinine-adjusted MEHP [ug/g]

among participants of the group of Children I living in houses (n=17 and 16, respectively) and

apartments (n=13)

Children 1l

Among the Children II group, a Mann-Whitney U test identified significant differences
for MEP (p=0.007) and creatinine-adjusted MEP (p=0.019), as well as for MCHP
(p=0.004) and creatinine-adjusted MCHP (p=0.002). For MCHP, P95 values were

higher among children living in apartments.
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Figure 102. Distribution of MEP [ug/I] and creatinine-adjusted MEP [ug/g] among participants from
the group of Children Il living in houses (n=138 and 136, respectively) and apartments (n=63 and
62, respectively)

Adults

Among participants from the group of Adults, statistically significant differences were
observed between creatinine-unadjusted 3cx-MPP and creatinine-adjusted 3cx-MPP
(p=0.001 and 0.006, respectively) and the date of their homes’ construction (Mann-
Whitney U tests). Participants who lived in homes constructed before 1945 showed

higher exposure to 3cx-MPP than the others (Figure 103):
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Figure 103. Distributions of urinary 3cx-MPP (ug/l] and creatinine-adjusted 3cx-MPP [ug/g] among
participants from the group of Adults living in homes constructed before 1945 (n=49 and 48,
respectively) and after 1945 (n=181 and 179, respectively)
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3.1.7.12.2Flooring

Among the total study population (n=547), 315 participants (57.6%) reported no
changes in flooring at their place of residence, 107 (19.6%) reported having changed

their flooring and 125 (22.8%) having changed their flooring within the last 5 years.

Table 85. Types of flooring material in the place of residence of participants from the total study
population (n=391)

Type of flooring material Frequency (Percent) (n=391)
Linoleum 4 (1%)

Carpet 13 (3%)
Synthetic/plastic 14 (4%)

Ceramic 20 (5%)

Laminate 106 (27%)

Wood 234 (60%)

Flooring material at the place of residence
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Figure 104. Distribution of types of flooring material in the place of residence of participants from

the total study population (n=391)

Statistically significant differences were identified between the change of the flooring at
the place of residence and the DEHP metabolites 50xo-MEHP (p=0.006), 50H-MEHP
(p=0.007) and 5cx-MEPP (p=0.026), as well as MBzP (p=0.030) in the group of
Children |, creatinine-adjusted and creatinine-unadjusted MnOP (p=0.046 and 0.047,
respectively), and MINP (p=0.012 and 0.015, respectively) in the group of Adults, and
creatinine-adjusted MEP (p=0.047), creatinine-adjusted and creatinine-unadjusted
MEHP (p=0.007 and 0.005, respectively), MiNP (p=0.010 and 0.027, respectively) and
creatinine- creatinine-unadjusted 5cx-MEPP (p=0.034) in the group of Elderly People.

No differences were found among participants from the group of Children II.

In the Children | group, exposure to the named phthalate metabolites was significantly
higher in children who reported a change of flooring at their place of residence (Figure

105). In adults, significantly higher exposure to MNOP was identified in conjunction with
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changed flooring, and contrarily to MINP in conjunction with unchanged flooring.
However, it should be noted that the number of positive detections in urine was very
small for both metabolites. In elderly people, exposure to creatinine-adjusted MEP
(Figure 106) and MEHP, and creatinine-unadjusted 5oxo-MEHP and 5cx-MEPP
(Figure 107) was higher among participants who reported no changes of flooring
having occurred at their homes. Concerning MINP exposure, findings were vice versa,
but similar to results from adults, with only a small humber of positive MiNP levels
existing.
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Figure 105. Distributions of urinary 50xo-MEHP, 50H-MEHP, 5cx-MEPP and MBzP concentrations
[ug/l] among the participants from the group of Children | with changed flooring (n=11) and
unchanged flooring at their homes (n=19)
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Figure 106. Distribution of creatinine-adjusted MEP [ug/g] among participants from the group of
Elderly People with changed flooring (n=23) and unchanged flooring at their homes (n=33)
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Figure 107. Distribution of urinary 50xo-MEHP and 5cx-MEPP concentrations [ug/l] among
participants from the group of Elderly People with changed flooring (n=24) and unchanged flooring

at their homes (n=34)

3.1.7.12.3 Upholstery furniture

Among the total study population, 508 participants reported to own upholstery furniture

at their homes. The distribution of the age of the furniture is shown in Figure 108.

Kruskal-Wallis tests revealed statistically significant differences for MEP (p=0.049),
creatinine-adjusted MEHP (p=0.049), creatinine-adjusted 3cx-MPP (p=0.038),
creatinine-adjusted and creatinine-unadjusted MCHP (p=0.039 and 0.028, respectively)
and MiDP (p=0.035 and 0.031, respectively). Generally, MiDP exposure was very low.
Additionally, MiDP is not an accurate biomarker for DiDP exposure, and thus results

should be considered carefully.
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Figure 108. Distribution of the age of upholstery furniture at the place of residence of the total
study population (n=508)

The newer the upholstery furniture was the higher was also the exposure of the owner
to MEP. However, participants who owned leather furniture exhibited exposure similar
to that of participants who owned new upholstery furniture (Figure 109). Similar results
were also found for creatinine-adjusted MEHP, but it must be noted that there were
only small differences (Figure 110).
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Figure 109. Distribution of urinary MEP concentrations [pg/l]] among participants who owned
upholstered furniture older than 10 years (n=96), 5-10 years old (n=170), new upholstered furniture
(n=133) or leather furniture (n=109)

Creatinine-adjusted MEHP

20
— 18 -
]
B 16
T 14
2
R 12
£ 10
g
£ 8 + 95P
<
= 6
]
£ 4
T —

0 T T T 1

=10 years old 5-10 years old new lether furniture
Upholstery furniture

Figure 110. Distribution of urinary creatinine-adjusted MEHP concentrations [pg/g] among
participants who owned upholstered furniture older than 10 years (n=96), 5-10 years old (n=164),

new upholstered furniture (n=130) or leather furniture (n=109)
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P95 values of creatinine-adjusted and creatinine-unadjusted urinary MCHP levels were
very similar, however, the values of participants who owned new upholstery furniture
were slightly higher compared to participants who owned older or leather upholstery
furniture (Figure 111).
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Figure 111. Distribution of urinary creatinine-unadjusted [ug/g] and creatinine-adjusted [pg/l]] MCHP
concentrations among participants who owned upholstered furniture older than 10 years (n=96), 5-
10 years old (n=170 and 164, respectively), new upholstered furniture (n=133 and 130, respectively)

or leather furniture (n=109)

The exposure of participants to creatinine-adjusted 3cx-MPP decreased with

decreasing age of the upholstery furniture (Figure 115).
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Figure 112. Distribution of urinary creatinine-unadjusted 3cx-MPP [ug/g] concentrations among
participants who owned upholstered furniture older than 10 years (n=96), 5-10 years old (n=164),

new upholstered furniture (n=130) or leather furniture (n=109)
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Functional sports wear

No significant differences were identified.

3.1.7.13 Use of handicraft materials

Regarding the use of handicraft materials, differences in questionnaires existed: adults
and elderly people were asked if they use handicraft materials either never, 1-2
times/month or 1-2 times/week, whereas children were asked if they use handicraft
materials either never, 1-2 times/month, 1-2 times/week or more than 2 times/week.
Therefore, the groups of Children | and 1l and Adults and Elderly People were
investigated separately.

Table 86. Frequency of the use of handicraft materials among children (n=234), and adults and

elderly people (n=238)

Frequency of the use of handicraft materials

never 1-2 x/month 1-2 x/week >2 x/week
Children (n=234) 48 (21%) 92 (39%) 70 (30%) 24 (10%)
Children | (n=30) 0 (0%) 11 (37%) 19 (63%) 0 (0%)
Children Il (n=204) 48 (23%) 81 (40%) 51 (25%) 24 (12%)
Adults and Elderly (n=328) 206 (63%) 103 (31%) 19 (6%) Not asked
Adults (n=262) 156 (60%) 87 (33%) 19 (7%) Not asked
Elderly People (n=66) 50 (76%) 16 (24%) 0 (0%) Not asked

Among children (n=234), a statistically significant difference (Kruskal-Wallis test) was
found between the use of handicraft materials and creatinine-adjusted MnBP
(p=0.043). Children who used handicraft materials more often showed lower MnBP
exposure than children who used handicraft materials less often (Figure 113).

Creatinine-adjusted MnBP
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Figure 113. Distribution of creatinine-adjusted MnBP [pg/g] among children from the Children | and
Children Il group who used handicraft materials never (n=46), 1-2 times per month (n=89), 1-2 times

per week (n=70) and more than 2 times per week (n=23)
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3.1.7.14 Playing behaviour among children

Among both groups of children, the duration of daily use of television (TV), video game
consoles (VGC) and/or personal computers (PC) were surveyed, as was the daily

duration of play with plastic toys. Sample size distributions are listed in Table 87.

Table 87. Durations of the use of television, video game consoles and/or personal computers and

durations of play with plastic toys among children from the groups of Children | and Children II

Population group Use of TV, VGC and/or PC Duration of play with plastic toys
Duration n (%) Duration n (%)
Children | 0-1 h/d 17 (61%) 0-1 h/d 16 (52%)
>1 h/d 11 (39%) >1 h/d 15 (48%)
0-1 h/d 61 (32%) 0-1 h/d 158 (78%)
Children Il 1-2 hid 75 (39%) >1 h/d 44 (22%)
>2 h/d 57 (29%)

Abbreviations: d, day; h, hour(s); n, sample size; PC, personal computers; TV, television; VGC, video game consoles.

Among the group of Children | (n=27-31 concerning creatinine-adjusted and creatinine-
unadjusted metabolite levels), no statistically significant associations could be identified
for either the use of TV, VGC and/or PC, or for the duration of play with toys.

Among the Children Il group, 61 children (32%) reported use TV, VGC and/or PC <1
h/d, 75 children (39%) 1-2 h/d and 57 children (29%) >2 h/d (Table 87). Kruskal-Wallis
tests discovered significant differences between the different groups concerning the
duration of the use of TV, VGC and/or PC and phthalate metabolite concentrations for
creatinine-unadjusted MEP (p=0.017), 50H-MEHP (p=0.027), 5cx-MEPP p= (0.038)
and for creatinine-adjusted and creatinine-unadjusted MEHP p= (0.037 and 0.007,
respectively). Regarding to the medians, exposure to the named urinary metabolites
increased with increased duration of use. As regards the daily duration of play with
plastic toys, Mann-Whitney U tests identified significant differences for creatinine-
unadjusted urinary MiBP (p=0.029), as well as for creatinine-adjusted 50H-MEHP
(p=0.049) and 50x0-MEHP (p=0.032), with the children who reported playing more than
two hours with plastic toys per day being less exposed to these phthalate metabolites
(Figure 114). However, the suboptimal sample size distribution, as well as the relatively

high significances must be considered.
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Figure 114. Distributions of urinary creatinine-unadjusted MEP [ug/l] and creatinine-adjusted 50H-

MEHP and 50x0-MEHP [ug/g] among children from the group of Children Il who played with plastic

toys 1-2 hours per day (n=158 and 153, respectively) and more than 2 hours per day (n=44)

3.1.8 Summarised

metabolite(s)

results

for

each phthalate and its

Table 88. Result summary for DEP / MEP

corresponding

Children |
range

(median; P95) (n)

Children Il
range
(median; P95) (n)

Adults
range
(median; P95) (n)

Elderly People
range
(median; P95) (n)

Exposure

Urinary concentrations [ug/l] of MEP

Creatinine-adjusted urinary concentrations
[po/g] of MEP

Daily Intake
Volume-based DI of DEP [ug/kg bw/d]

Creatinine-based DI of DEP [pug/kg bw/d]

RfD [ug/kg bw/d]

DI exceedances of AL [%]
Reference Values [pg/l]
Scenario Exposure Calculations

SEC based on mean levels in food [ug/kg

bw/d]

SEC based on maximum levels in food [ug/kg

bw/d]
Parameters
Age

Sex

Residential area
Occupation: current employment
Workplace: construction works

n.d.-447
(15.7; 308) (31)

n.d.-336
(20.0; 331) (30)

n.d.-18.5
(0.65; 12.8) (31)

n.d.-10.1
(0.53; 9.9) (30)
800
0
110

0.03-0.16

(0.07; 0.16) (25)
0.13-0.82

(0.31; 0.79) (25)

n.d.-463
(19.5; 108) (220)

n.d.-1645
(20.7; 114) (215)

n.d.-14.6
(0.70; 3.5) (219)

n.d.-8.9
(0.61; 3.1) (214)

800
0
110

0.006-0.57

(0.05; 0.26) (205)
0.03-1.6

(0.22; 0.69) (205)

n.d.-1087
(31.9; 400) (272)

n.d.-1276
(28.6; 335) (269)

n.d.-41.6
(1.3; 14.3) (269)

n.d.-48.7
(0.9; 11.2) (267)

800
0
440

0.003-0.36

(0.03; 0.06) (296)
0.01-0.68

(0.09; 0.23) (296)

n.d.-2105
(38.0; 1188) (72)

n.d.-3394
(31.7; 1102) (69)

n.d.-80.3
(1.4; 40.1) (71)

n.d.-130
(1.2; 37.5) (69)

800
0
440

0.001-0.12

(0.03; 0.08) (59)
0.01-0.22

(0.07; 0.16) (59)

Significant increase with increasing age among the total study population.

Females more highly exposed than males in the Children | group for creatinine-
adjusted and -unadjusted MEP, and in the group of Adults for creatinine-adjusted

MEP.

Higher exposure in participants from (sub)urban areas among the total population.

Significantly higher MEP exposure in unemployed adult females.

Significantly higher creatinine-adjusted MEP levels in participants from the Adults
group at whose workplaces construction work had been done.
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Current place of residence
Changed flooring at place of residence
Upholstery furniture

Use of TV, VGC and/or PC

Higher exposure in participants from the groups of Children | (adjusted MEP) and
Children Il (adjusted and unadjusted MEP) living in apartments.

Higher exposure to creatinine-adjusted MEP in the group of Elderly People at whose
place of residence floorings had been replaced.

Slightly higher exposure to creatinine-unadjusted MEP in participants with new
upholstery furniture.

Significant increase of creatinine-unadjusted MEP (medians) with increasing duration

of use of TV, VGC and/or PC among the group of Children II.

Abbreviations: AL, acceptable level of exposure; DI, daily intake; n, sample size; PC, personal computer; P95, 95" percentile; RfD, Reference Dose;
SEC, Scenario Exposure Calculations; TV, television; VGC, video game consoles.

Table 89. Result summary for DnBP / MnBP

Children |
range
(median; P95) (n)

Children Il
range
(median; P95) (n)

Adults
range
(median; P95) (n)

Elderly People
range
(median; P95) (n)

Exposure
Urinary concentrations [ug/l] of MnBP

Creatinine-adjusted urinary concentrations
[mg/g] of MNnBP

Daily Intake
Volume-based DI of DnBP [ug/kg bw/d]

Creatinine-based DI of DnBP [ug/kg bw/d]

RfD / RfD AA [pg/kg bw/d]

TDI [ug/kg bw/d]

DI exceedances of AL [%]
Reference Values [ug/l]
Scenario Exposure Calculations

SEC based on mean levels in food [ug/kg

bw/d]

SEC based on maximum levels in food [ug/kg

bw/d]

Parameters

Age

Sex

Allergies

Smoking behaviour

Occupation: employment position

Handicraft materials

2.0-69.6 n.d.-87.7 n.d.-73.7 n.d.-84.5
(26.5; 65.0) (31) (12.0; 47.2) (220) (7.9; 40.7) (272) (10.4; 57.0) (72)
6.1-516 n.d.-699 (12.0; n.d.-78.4 n.d.-98.4
(33.0; 371) (30) 73.1) (215) (6.5; 35.3) (269) (11.7; 53.9) (69)
0.07-2.6 0.0-2.5 0.0-2.4 0.0-2.9
(0.99; 2.4) (31) (0.40; 1.6) (219) (0.28; 1.4) (269) (0.35; 1.9) (71)
0.15-14.7 0.0-18.6 0.0-2.0 0.0-2.6
(0.84; 10.2) (30) (0.34; 1.8) (214) (0.24; 1.1) (267) (0.35; 1.9) (69)
100 100 100 100
10 10 10 10
3? 0.5° 0 0
45 45 40 40
0.37-2.2 0.03-4.3 0.08-2.7 0.08-0.85
(0.71; 2.1) (25) (0.45; 2.0) (205) (0.33; 0.74) (296) (0.23; 0.58) (59)
11.6-56.6 0.94-139 0.86-100 0.64-31.3

(25.4; 55.2) (25)

(16.1; 78.5) (205)

(9.5; 28.6) (296)

(8.9; 22.8) (59)

Significant differences between different age groups among the total study population.

Females more highly exposed to adjusted and unadjusted MnBP than males in the
Children | group and in the Adults group for creatinine-adjusted and -unadjusted
MnBP.

Significantly higher creatinine-adjusted MnBP levels in participants from the group of
Adults who did not suffer from allergies.

Significantly higher creatinine-unadjusted MnBP levels in non-smokers from the
Adults group.

Significant differences between MnBP levels and employment positions in males from
the group of Adults.

Significant decrease of creatinine-adjusted MnBP with increased use of handicraft
materials in children from both groups (Children | and II).

#exceedance of TDI of creatinine-based DI

Abbreviations: AL, acceptable level of exposure; crea, creatinine; DI, daily intake; n, sample size; P95, 95" percentile; RfD, Reference Dose; RfD
AA, Reference Dose for Anti-Androgenicity; SEC, Scenario Exposure Calculations; TDI, Tolerable Daily Intake.
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Table 90. Result summary for DiBP / MiBP

Children |
range

(median; P95) (n)

Children 1l
range
(median; P95) (n)

Adults
range
(median; P95) (n)

Elderly People
range
(median; P95) (n)

Exposure
Urinary concentrations [ug/l] of MiBP

Creatinine-adjusted urinary concentrations
[mo/g] of MiBP

Daily Intake
Volume-based DI of DiBP [ug/kg bw/d]

Creatinine-based DI of DiBP [ug/kg bw/d]

TDI [ug/kg bw/d]

RfD [ug/kg bw/d]

RfD AA [ug/kg bw/d]

DI exceedances of AL [%)]

Reference Values [pg/l]

Scenario Exposure Calculations

SEC based on mean levels in food [pg/kg bw/d]

SEC based on maximum levels in food [ug/kg
bwi/d]

Parameters
Age

Sex
Allergies

Intake of pharmaceuticals
Occupation: working sectors

Duration of playing with plastic toys

5.6-177
(53.6; 156) (31)
17.5-494
(70.2; 461) (30)

0.25-7.9
(2.4;6.9) (31)
0.52-16.7

(2.3; 14.2) (30)

10

100

200

13

130

0.14-1.9
(0.44; 1.5) (25)

0.74-5.2
(1.7; 4.8) (25)

n.d.-207
(35; 131) (220)
n.d.-1086
(31.1; 213) (215)

0.0-7.1
(1.3;4.7) (219)
0.0-34.3

(1.1; 7.0) (214)

10

100

200

2a

130

0.03-2.0
(0.28; 1.1) (205)

0.07-10.8
(1.0-4.3) (205)

n.d.-248
(24.3; 109) (272)

n.d.-497
(21.2; 104) (269)

0.0-11.6
(0.99; 4.6) (269)

0.0-16.0
(0.78; 3.4) (267)

10
100
200

0.37°
110

0.05-1.4

(0.26; 0.58) (296)
0.17-6.3

(0.71; 1.5) (296)

2.5-152
(25.7; 111) (72)
4.6-241
(27.3; 152) (69)

0.08-5.3
(1.0; 4.4) (71)
0.15-8.7

(0.96; 4.9) (69)

10

100

200

0
110

0.08-0.8

(0.27; 0.55) (59)
0.22-1.9

(0.72; 1.5) (59)

Significant differences between different age groups of the total study population.

Females more highly exposed than males of the Adults group for (un)adjusted MiBP.

Significantly higher creatinine-adjusted MiBP levels in participants from the group of
Adults who did not suffer from allergies.

Positive correlations between creatinine-adjusted and -unadjusted MiBP levels and
the number of pharmaceuticals consumed per day in the group of Elderly People.

Significant differences between different working sectors and MiBP levels in
participants from the group of Adults.

Significantly lower MiBP exposure in participants from the group of Children Il with
higher duration of play with plastic toys (>2 h/d).

9exceedance of TDI of creatinine-based DI

exceedances of TDI for creatinine-based and volume-based DI, respectively

Abbreviations: AL, acceptable level of exposure; crea, creatinine; DI, daily intake; n, sample size; P95, 95" percentile; RfD, Reference Dose; RfD
AA, Reference Dose for Anti-Androgenicity; SEC, Scenario Exposure Calculations; TDI, Tolerable Daily Intake.

Table 91. Result summary for DnPeP / MnPeP

Children |
range

(median; P95) (n)

Children 1l
range
(median; P95) (n)

Adults
range
(median; P95) (n)

Elderly People
range
(median; P95) (n)

Exposure

Urinary concentrations [ug/l] of MnPeP

Creatinine-adjusted urinary concentrations
[po/g] of MnPeP

Daily Intake

Reference Values [pg/l]
Scenario Exposure Calculations
Parameters

n.d.-<LOQ
(n.d.; <LOQ) (31)
n.d.-2.3
(n.d.; <LOQ) (30)
Not estimated.
Not estimated.

Not estimated.

n.d.-4.5
(n.d.; <LOQ) (220)

n.d.-3.4
(n.d.; <LOQ) (215)

n.d.-2.9
(n.d.; <LOQ) (272)

n.d.-2.2
(n.d.; <LOQ) (269)

No statistically significant differences / associations were found.

n.d.-2.0
(n.d.; n.d.) (72)

n.d.-2.0
(n.d.; n.d.) (69)

Abbreviations: n, sample size; P95, 95" percentile; SEC, Scenario Exposure Calculations.
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Children |
range

(median; P95) (n)

Children 1l
range
(median; P95) (n)

Adults
range
(median; P95) (n)

Elderly People
range
(median; P95) (n)

Exposure
Urinary concentrations [pug/l] of MCHP

Creatinine-adjusted urinary concentrations
[mg/g] of MCHP

Daily Intake

Reference Values [ug/l]
Scenario Exposure Calculations
Parameters

Allergies

Contact with cleaning products

Upholstery furniture

n.d.-2.3 n.d.-5.5 n.d.-3.5 n.d.-1.0
(n.d.; <LOQ) (31) (n.d.; 1.3) (220) (n.d.; 1.4) (272) (n.d.; <LOQ) (72)
nd.-1.2 n.d.-6.9 n.d.-5.2 n.d.-<LOQ

(n.d.; <LOQ) (30) (n.d.; <LOQ) (69)
Not estimated.
15 15 15 15

Not estimated.

(n.d.;<LOQ) (215)  (n.d.; <LOQ) (269)

Significantly higher creatinine-adjusted and -unadjusted MCHP levels in participants
from the group of Adults who did not suffer from allergies.

Significantly higher MCHP exposure in participants who had no contact with cleaning
products.

Slightly higher MCHP exposure (creatinine-adjusted and -unadjusted) in participants
with new upholstery furniture.

Abbreviations: n, sample size; P95, 95" percentile; SEC, Scenario Exposure Calculations.

Table 93. Result summary for BBzP / MBzP

Children |
range

(median; P95) (n)

Children Il
range
(median; P95) (n)

Adults
range
(median; P95) (n)

Elderly People
range
(median; P95) (n)

Exposure

Urinary concentrations [pg/I] of MBzP

Creatinine-adjusted urinary concentrations
[ng/g] of MBzP

Daily Intake
Volume-based DI of BBzP [ug/kg bw/d]

Creatinine-based DI of BBzP [ug/kg bw/d]

TDI [ug/kg bw/d]

RfD [ug/kg bw/d]

RfD AA [ug/kg bw/d]

DI exceedances of AL [%]

Reference Values [ug/l]

Scenario Exposure Calculations

SEC based on mean levels in food [pg/kg bw/d]

SEC based on maximum levels in food [ug/kg
bw/d]

Parameters
Age
Sex

Regional differences

Intake of pharmaceuticals

Occupation: current employment

Changed flooring at place of residence

n.d.-53.3 n.d.-57.1 n.d.-40.2 n.d.-16.6
(5.3; 45.3) (31) (2.6; 20.6) (220) (1.4;9.8) (272) (1.3;12.7) (72)
n.d.-66.5 n.d.-52.9 n.d.-33.5 n.d.-14.3

(7.0; 64.1) (30)

(2.5; 25.7) (215)

(1.3; 7.1) (269)

(1.4; 12.4) (69)

0.0-2.2 0.0-1.8 0.0-1.2 0.0-0.61
(0.22; 1.9) (31) (0.09;0.78) (219)  (0.05; 0.38) (269)  (0.05; 0.46) (71)
0.0-2.1 0.0-1.3 0.0-1.0 0.0-0.46
(0.21; 1.9) (30) (0.08;0.77) (214)  (0.04;0.23) (267)  (0.05; 0.40) (69)
500 500 500 500
200 200 200 200
330 330 330 330
0 0 0 0
25 25 10 10
0.02-0.22 0.0-0.39 0.003-0.32 0.001-0.1
(0.04;0.17) (25)  (0.02;0.12) (205)  (0.02; 0.04) (296)  (0.01; 0.07) (59)
0.38-4.2 0.04-8.3 0.07-5.1 0.03-2.5

(1.6; 4.0) (25)

(0.91; 4.3) (205)

(0.61; 2.0) (296)

(0.59; 1.9) (59)

Significant decrease with increasing age among the total study population.

Females more highly exposed to creatinine-adjusted and -unadjusted MBzP than
males of the Children | group.

Significantly higher exposure to creatinine-adjusted and -unadjusted MBzP in
participants from East Austria compared to participants from West Austria.

Positive correlations between creatinine-adjusted MBzP levels and the number of
pharmaceuticals consumed per day among the group of Elderly People. Significantly
higher exposure to creatinine-adjusted MBzP among participants from the Elderly
People group who consumed capsules daily.

Significantly higher MBzP exposure among unemployed females from the Adults
group.

Significantly higher exposure to MBzP (creatinine-unadjusted) in participants from the
Children | group whose flooring had been replaced at their place of residence.

Abbreviations: AL, acceptable level of exposure; crea, creatinine; DI, daily intake; n, sample size; P95, 95" percentile; RfD, Reference Dose; RfD
AA, Reference Dose for Anti-Androgenicity; SEC, Scenario Exposure Calculations; TDI, Tolerable Daily Intake.
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Table 94. Result summary for DEHP / MEHP, 50H-MEHP, 50x0-MEHP, and 5cx-MEPP

Children |
range
(median; P95) (n)

Children 1l
range
(median; P95) (n)

Adults
range
(median; P95) (n)

Elderly People
range
(median; P95) (n)

Exposure
Urinary concentrations [ug/l] of MEHP

Creatinine-adjusted urinary concentrations
[mg/g] of MEHP

Urinary concentrations [ug/l] of 50H-MEHP

Creatinine-adjusted urinary concentrations
[pg/g] of 5OH-MEHP

Urinary concentrations [ug/l] of 50xo-MEHP

Creatinine-adjusted urinary concentrations
[Hg/g] of 50x0-MEHP

Urinary concentrations [ug/l] of 5cx-MEPP

Creatinine-adjusted urinary concentrations
[mg/g] of 5cx-MEPP

Daily Intake
Volume-based DI of DEHP? [ug/kg bw/d]

Creatinine-based DI of DEHP?® [ug/kg bw/d]
Volume-based DI of DEHP" [ua/kg bwid]
Creatinine-based DI of DEHP” [ua/kg bwi/d]

TDI [pg/kg bw/d]

RfD [pg/kg bw/d]

RfD AA [ug/kg bw/d]

DI exceedances of AL [%)]
Reference Values [pug/l]

5 all DEHP metabolites

5 50H-MEHP + 50x0-MEHP
50H-MEHP

50x0-MEHP

5cx-MEPP

Scenario Exposure Calculations
SEC based on mean levels in food [pg/kg bw/d]

SEC based on maximum levels in food [ug/kg
bwi/d]

Parameters

Age

Sex

Regional differences

Residential area

BMI

Hypertension

Allergies

n.d.-11.2
(<LOQ; 10.1) (31)

n.d.-17.4

(1.3; 14.5) (30)
<LOQ-40.4

(10.8; 34.3) (31)

2.5-99.4
(17.5; 85.6) (30)

<LOQ-26.2
(8.7; 21.4) (31)
1.8-62.3
(12.9; 60.0) (30)
2.3-57.4
(22.6; 52.5) (31)

7.1-135
(5.2; 30.7) (30)

0.19-6.6
(2.3;5.7) (31)
0.39-11.2
(2.4; 11.1) (30)
0.26-9.1
(3.3;7.7) (31)
0.54-15.6
(3.3; 15.4) (30)
50
20
30
0

100
50
30
20
60

15-6.1
(2.5;5.9) (25)
7.3-82.3
(16.6; 65.3) (25)

n.d.-20.1

(<LOQ; 8.0) (220)
n.d.-23.2

(0.94; 8.5) (215)

n.d.-80.0
(4.0; 27.4) (220)

n.d.-131
(31.1; 213) (215)

n.d.-57.3
(3.0; 19.8) (220)

n.d.-93.9

(3.3; 24.8) (215)
2.6-102

(15.5; 56.5) (220)

2.7-179
(15.0; 67.3) (215)

0.14-11.2
(1.1; 5.0) (219)

0.09-15.2
(0.94; 5.2) (214)
0.19-15.5
(1.5; 6.9) (219)
0.13-21.1
(1.3; 7.2) (214)
50
20
30
0.47°

100
50
30
20
60

0.18-16.1
(1.4; 7.5) (205)
0.72-118
(11.3; 37.8) (205)

n.d.-17.2
(n.d.; 3.6) (272)

n.d.-6.1
(n.d.; 3.4) (269)

n.d.-46.6
(1.8;10.7) (272)
n.d.-28.6
(1.6; 9.6) (269)
n.d.-29.3
(1.2;7.9) (272)
n.d.-18.0
(<LOQ; 6.3) (269)
n.d.-219
(7.8; 29.0) (272)

n.d.-131
(6.0; 24.3) (269)

0.0-10.8
(0.54; 2.3) (269)

0.0-7.5

(0.39; 1.6) (267)
0.0-14.9

(0.75; 3.2) (269)

0.0-10.4
(0.53; 2.2) (267)

50
20
30

0

50
20
15
10
35

0.26-10.6
(1.1; 2.1) (296)

1.7-51.4
(7.5; 16.8) (296)

n.d.-11.8
(n.d.; 6.6) (72)
n.d.-11.1
(n.d.; 6.6) (69)
n.d.-76.2
(3.3;31.1) (72)
n.d.-71.9
(2.9; 31.0) (69)
n.d.-55.4
(1.6; 20.1) (72)
n.d.-52.3
(1.6; 17.4) (69)
1.0-134
(10.0; 80.5) (72)

1.8-150
(9.2; 71.3) (69)

0.04-12.2
(0.66; 6.3) (71)
0.10-9.8
(0.62; 6.1) (69)
0.06-16.9
(0.91; 8.7) (71)
0.14-13.6
(0.86; 8.5) (69)
50
20
30
0

50
20
15
10
35

0.25-3.2
(0.78; 2.3) (59)

1.9-34.6
(7.2; 17.3) (59)

Significant decrease of 50xo-MEHP, 50H-MEHP and 5cx-MEPP with increasing age
among the total study population.

Females more highly exposed than males in the group of Adults for creatinine-
adjusted and -unadjusted 5oxo-MEHP and 50H-MEHP, and for unadjusted 5cx-

MEPP.

Significantly higher exposure among participants from East Austria compared to those
from West Austria for all investigated creatinine-adjusted and -unadjusted DEHP

metabolites.

Significant higher exposure in participants from (sub)urban areas than those from
rural areas for creatinine-adjusted 50xo-MEHP and 50H-MEHP, as well as for
creatinine-unadjusted 5cx-MEHP.

Significant increase of creatinine-unadjusted 50H-MEHP and 5cx-MEHP  with
increasing BMI among the total study population.

Significantly higher creatinine-adjusted and -unadjusted 5cx-MEHP and 50H-MEHP
exposure, as well as unadjusted 50xo-MEHP exposure among participants from the
group of Elderly People who suffered from hypertension.

Significantly higher creatinine-adjusted 50xo-MEHP levels in participants from the
group of Adults who did not suffer from allergies.



continued

202

Intake of pharmaceuticals

Nutrition

Smoking behaviour

Occupation: current employment
Occupation: employment position
Occupation: working sectors
Contact with cleaning products
Contact with chemicals

Current place of residence

Changed flooring at place of residence

Upholstery furniture

Use of TV, VGC and/or PC

Duration of playing with plastic toys

Positive correlations between creatinine-adjusted MEHP, 50H-MEHP and 5cx-MEPP
levels and the number of pharmaceuticals consumed per day in the group of Elderly
People, as well as significant higher creatinine-adjusted and -unadjusted MEHP
exposure at consumption levels of >4 pharmaceuticals per day. Among participants
from the group of Adults, slight but significantly higher MEHP exposure (adjusted and
unadjusted) who consumed pharmaceuticals daily. Significantly higher exposure to
creatinine-adjusted 5cx-MEPP among participants from the Elderly People group who
consumed film tablets daily.

For logarithmic DEHP metabolites, statistically significant results were observed for
the food types rice/pasta, brown bread, almonds/nut/peanuts, butter/oils, tab
water/mineral water, French fries and microwave popcorn, although a clear conclusion
could only be made for the frequency of the consumption of French fries and
microwave popcorn, which were associated with higher DEHP metabolite exposure.

Significantly higher creatinine-adjusted and -unadjusted 5cx-MEHP levels in non-
smokers from the group of Adults.

Significantly higher MEHP, 50xo-MEHP and 5cx-MEPP exposure in unemployed
females from the Adults group.

Significant differences between 5cx-MEPP levels and employment positions in males
from the Adults group.

Significant differences between different working sectors and 50xo-MEHP and 5cx-
MEPP levels in participants from the group of Adults.

Significantly higher MEHP exposure (adjusted and unadjusted levels) in participants
who had contact with cleaning products.

Significantly higher 5cx-MEPP exposure (creatinine-unadjusted levels) in participants
who had no contact with chemicals.

Significantly higher exposure to creatinine-adjusted MEHP, 50xo-MEHP, 50H-MEHP
and 5cx-MEPP, and to creatinine-unadjusted MEHP in participants from the Children |
group living in apartments.

Significantly higher exposure to creatinine-unadjusted 50xo-MEHP, 50H-MEHP and
5¢cx-MEHP in participants from the Children | group whose flooring had been replaced
at their place of residence. Higher exposure to creatinine-unadjusted 50xo-MEHP and
5¢cx-MEPP in participants from the group of Elderly People whose flooring had not
been replaced at their place of residence.

Slightly higher creatinine-adjusted MEHP exposure in participants with new upholstery
furniture.

Significant increase of creatinine-unadjusted MEHP, 50H-MEHP and 5cx-MEPP
(medians) with increasing duration of use of TV, VGC and/or PC among participants
of the group of Children II.

Significant lower creatinine-adjusted 5oxo-MEHP and 50H-MEHP exposure in
participants from the group of Children Il with higher duration of playing with plastic
toys (>2 h/d).

#based on Fyes derived from Koch et al. (2005)
based on Fyes derived from Anderson et al. (2011)

¢ exceedance of creatinine-based DI based on Fes derived from Anderson et al. (2011)
Abbreviations: AL, acceptable level of exposure; crea, creatinine; DI, daily intake; n, sample size; PC, personal computers; PS; P95, 95" percentile;
RfD, Reference Dose; RfD AA, Reference Dose for Anti-Androgenicity; SEC, Scenario Exposure Calculations; TDI, Tolerable Daily Intake; TV,

television; VGC, video game consoles.

Table 95. Result summary for DnOP / MnOP

Children | Children Il Adults Elderly People
range range range range
(median; P95) (n) (median; P95) (n) (median; P95) (n) (median; P95) (n)

Exposure

Urinary concentrations [ug/l] of MNOP

Creatinine-adjusted urinary concentrations

[ng/g] of MNOP

Daily Intake

Reference Values [ug/l]
Scenario Exposure Calculations
Parameters

n.d.-<LOQ n.d.-3.4 n.d.-2.0 n.d.-<LOQ
(n.d.; <LOQ) (31) (n.d.; <LOQ) (220) (n.d.; <LOQ) (272) (n.d.; <LOQ) (72)
n.d.-2.3 n.d.-3.6 n.d.-1.3 n.d.-1.0

(n.d.; 1.8) (30)
Not estimated.

(n.d.: <LOQ) (215)  (n.d.: <LOQ) (269)  (n.d.; <LOQ) (69)

Not estimated.
Not estimated.
No statistically significant differences / associations were found.

Abbreviations: n, sample size; P95, 95" percentile; SEC, Scenario Exposure Calculations.
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Table 96. Result summary for DiNP / MiNP

Children |
range

(median; P95) (n)

Children 1l
range
(median; P95) (n)

Adults
range
(median; P95) (n)

Elderly People
range
(median; P95) (n)

Exposure
Urinary concentrations [ug/l] of MiNP

Creatinine-adjusted urinary concentrations
[mg/g] of MiNP

Daily Intake

TDI [ug/kg bw/d]

RfD AA [ug/kg bw/d]

Reference Values [pug/l]
Scenario Exposure Calculations

SEC based on mean and maximum levels in
food [ug/kg bw/d]

Parameters
Sex

Regional differences

n.d.-12.7
(n.d;; 5.1) (31)
n.d.-12.3
(n.d.; 5.6) (30)
Not estimated
150
1500

Not estimated.

0.02-0.37
(0.12; 0.36) (25)

n.d.-5.4
(n.d.; 1.7) (220)

n.d.-5.7
(n.d.; 1.7) (215)

150

1500

0.002-0.91
(0.05; 0.27) (205)

n.d.-5.4
(n.d.; 1.4) (272)

n.d.-44.5
(n.d.; 1.2) (269)

150

1500

0.001-0.07
(0.01; 0.03) (296)

n.d.-2.4
(n.d.; 0.95) (72)

n.d.-5.5
(n.d.; 1.0) (69)

150

1500

0.002-0.04
(0.01; 0.03) (59)

Females more highly exposed than males among participants from the group of
Adults for creatinine-adjusted and -unadjusted MiNP.

Significantly higher exposure among participants from East Austria compared to those

from West Austria for creatinine-adjusted and -unadjusted MiNP.

Abbreviations: n, sample size; P95, 95" percentile; RfD AA, Reference Dose for Anti-Androgenicity; SEC, Scenario Exposure Calculations; TDI,

Tolerable Daily Intake.

Table 97. Result summary for DiDP / MiDP

Children |
range

(median; P95) (n)

Children Il
range
(median; P95) (n)

Adults
range
(median; P95) (n)

Elderly People
range
(median; P95) (n)

Exposure
Urinary concentrations [ug/l] of MiDP

Creatinine-adjusted urinary concentrations
[mg/g] of MiDP

Daily Intake

TDI [pg/kg bw/d]

Reference Values [pg/l]
Scenario Exposure Calculations

SEC based on mean and maximum levels in
food [ug/kg bw/d]

Parameters

n.d.-<LOQ

(n.d.; <LOQ) (31)

n.d.-<LOQ
(n.d.; n.d.) (30)

Not estimated.
150
Not estimated.

0.03-0.44
(0.09; 0.41) (25)

n.d.-1.0
(n.d.; <LOQ) (220)

n.d.-2.2
(n.d.; <LOQ) (215)

150

0.002-0.91
(0.05; 0.27) (205)

n.d.-0.91
(n.d.; <LOQ) (272)

n.d.-3.1
(n.d.; <LOQ) (269)

150

0.001-0.32
(0.02; 0.12) (296)

No statistically significant differences / associations were found.

n.d.-1.1
(n.d.; <LOQ) (72)
n.d.-4.4
(n.d.; 1.3) (69)

150

0.0-0.18
(0.01; 0.51) (59)

Abbreviations: n, sample size; P95, 95" percentile; SEC, Scenario Exposure Calculations; TDI, Tolerable Daily Intake.
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Children |
range
(median; P95) (n)

Children 1l
range
(median; P95) (n)

Adults
range
(median; P95) (n)

Elderly People
range
(median; P95) (n)

Exposure

Urinary concentrations [pg/l]

Creatinine-adjusted urinary concentrations
[ug/g]

Parameters
BMI

Hypertension

Intake of pharmaceuticals

Current place of residence

Upholstery furniture

<LOQ-14.2 n.d.-62.5 n.d.-188 n.d.-38.4
(22.6; 11.8) (31) (<LOQ; 17.2) (<LOQ; 19.0) (<LOQ; 16.2) (72)
(220) (272)
<LOQ-40.5 n.d.-206 n.d.-122 n.d.-36.2
(5.2; 30.7) (30) (<LOQ; 16.9) (<LOQ; 17.6) (<LOQ; 21.3) (69)
(215) (269)

Significant increase of creatinine-unadjusted 3cx-MPP with increasing BMI among the
total study population.

Significantly higher creatinine-adjusted and -unadjusted 3cx-MPP exposure in
participants from the group of Adults without self-reported hypertension (however, not
ideal sample size distribution). Significantly higher creatinine-unadjusted 3cx-MPP
exposure in participants with hypertension from the group of Elderly People.

Positive correlations between creatinine-adjusted and -unadjusted 3cx-MPP levels
and the number of pharmaceuticals consumed per day in participants from the group
of Elderly People, as well as significantly higher exposure at consumption levels of >4
pharmaceuticals per day. Significantly higher exposure to creatinine-adjusted and
unadjusted 3cx-MPP among participants from the Elderly People group who
consumed film tablets daily.

Significant creatinine-adjusted and -unadjusted 3cx-MPP levels in participants from
the group of Adults living in homes constructed before 1945.

Slight but significantly lower creatinine-adjusted 3cx-MPP exposure in participants
with new upholstery furniture.

Abbreviations: n, sample size; P95, 95" percentile.
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3.2 BISPHENOL A

3.2.1 Description of the study population

The study population used for BPA analysis is very similar to the study population for
phthalate analysis. In some few cases, only BPA concentrations were measured in
urine samples and vice versa for phthalates. However, in most of samples, both BPA
and phthalate metabolites were analysed, but because of slight differences in study

population, the population used for BPA analysis is described separately.

Table 99. Data Children | (BPA analysis)

All Males Females
SEX? 31 (100%) 16 (52%) 15 (48%)
AGE [years] (range; mean+SD)*? 6-8; 7+0.5 6-8; 7+0.5 6-8; 7+0.6
FEDERAL STATE (n=29)°
Vienna 4 (14%) 2 (13%) 2 (14%)
Burgenland 7 (24%) 3 (20%) 4 (29%)
Lower Austria 5 (17%) 3 (20%) 2 (14%)
Styria 1 (4%) 0 (0%) 1 (7%)
Salzburg 12 (41%) 7 (47%) 5 (36%)
REGION (n=29)**
East Austria 17 (59%) 8 (53%) 9 (64%)
West Austria 12 (41%) 7 (47%) 5 (36%)
RESIDENTAL AREA (n=28)"*
urban 7 (25%) 3 (22%) 4 (29%)
suburban 4 (14%) 2 (14%) 2 (14%)
rural 17 (61%) 9 (64%) 8 (57%)
ANTHROPOMETRIC CHARACTERISTICS
Bodyheight [cm] (n=31)*? (range; 118-141; 12846 120-141; 1295 118-141; 128+7
mean+SD) 21-39; 28+4 23-33; 27+3 21-39; 28+6
Bodyweight [kg] (n=31)"* (range; mean+SD)  50.68; 59:4 55-65; 60+3 50-68; 58+5
WC [cm] (n=31)"* (range; mean+SD) 62-81; 70+5 62-80; 71£5 63-81; 69£5
HC [em] (n=31)"* (range; mean+SD) 50-75; 6246 54-70; 6245 50-75; 6246

AC [cm] (n=31)"? (range; mean+SD)

Abbreviations: AC, abdominal circumference; HC, hip circumference; n, sample size; SD, standard deviation; WC, waist
circumference.

Y In some cases, sample sizes differ due to missing values in participants’ questionnaires. Additionally, sex of one sample is
unknown.

2 n(female)=15; n(male)=16

% n(female)=14; n(male)=15

4 n(female)=14; n(male)=14
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All Males Females
SEX 221 (100%) 122 (55%) 99 (45%)
AGE [years] (range; meanSD) 7-15; 11+1.7 7-15; 11+1.8 8-14; 11+1.7
FEDERAL STATE (n=206)"°
Vienna 62 (30%) 32 (28%) 30 (33%)
Burgenland 54 (26%) 33 (29%) 21 (23%)
Lower Austria 31 (15%) 16 (14%) 15 (16%)
Styria 7 (4%) 3 (3%) 4 (4%)
Upper Austria 23 (11%) 12 (10%) 11 (12%)
Tyrol 29 (14%) 18 (16%) 11 (12%)
REGION (n=221)
East Austria 170 (77%) 92 (75%) 78 (79%)
West Austria 51 (23%) 30 (25%) 21 (21%)
RESIDENTAL AREA (n=203)"*
urban 52 (26%) 25 (22%) 27 (29%)
suburban 20 (10%) 12 (11%) 8 (9%)
rural 131 (64%) 74 (67%) 57 (62%)

ANTHROPOMETRIC CHARACTERISTICS
Bodyheight [cm] (n=221) (range; mean+SD)
Bodyweight [kg] (n=221) (range; meanSD)
WC [cm] (n=220)"? (range; mean+SD)
HC [cm] (n=220)"? (range; mean+SD)
AC [cm] (n=220)"? (range; mean+SD)

116-187; 150+12.0
24-91; 45+14
49-90; 67+9

64-111; 8310
53-106; 74+11

124-187; 150+12.7
24-91; 46+15
53-88; 68+9

64-111; 8310
53-103; 74+11

116-172; 149+11
24-77;, 44+13
49-90; 668

66-111; 82+10
54-106; 73+10

Abbreviations: AC, abdominal circumference; HC, hip circumference; n, sample size; SD, standard

circumference.

 In some cases, sample sizes differ due to missing values in participants’ questionnaires.

2 n(female)=99; n(male)=121
% n(female)=92; n(male)=114
* n(female)=92; n(male)=111

deviation; WC, waist
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Table 101. Data Adults (BPA analysis)

All

Males

Females

SEX
AGE [years] (range; mean+SD)

FEDERAL STATE (n=271)"°
Vienna
Burgenland

Lower Austria
Styria

Upper Austria
Salzburg

Tyrol

Vorarlberg
REGION (n=274)*
East Austria

West Austria

RESIDENTAL AREA (n=273)"°
urban

suburban

rural

ANTHROPOMETRIC CHARACTERISTICS

Bodyheight [cm](n=272)"? (range;
meanzSD)
Bodyweight [kg] (n=272)** (range;

meantSD)

BMI [kg/m?] (n=272)"? (range; mean+SD)
WC [cm] (n=262)"* (range; mean+SD)
HC [cm] (n=272)"? (range; mean+SD)
AC [cm] (n=272)"? (range; mean+SD)
WHR (n=262)"° (range; mean+SD)

275 (100%)
18-65; 39.2+13.5

28 (10%)
51 (19%)
30 (11%)
29 (11%)
15 (6%)
22 (8%)
94 (35%)
2 (<1%)

142 (52%)
132 (48%)

107 (39%)
42 (15%)
124 (46%)

145-194; 171+9
42-123; 72+15
16.3-39.2; 25+4
60-120; 83+13
50-128; 100+9
66-129; 90+12

0.62-1.2; 0.8+0.09

112 (40.7%)
18-64; 40.7+12.9

14 (13%)
27 (24%)
15 (14%)
13 (12%)
4 (4%)
10 (9%)
27 (24%)
0 (0%)

71 (63%)
41 (37%)

49 (44%)
19 (17%)
44 (39%)

158-194; 178+7
55-123; 83+13
19.2-39.2; 264
72-120; 92+11
89-121; 103+7
75-129; 95.8+11

0.75-1.04; 0.89+0.07

163 (59.3%)
18-65; 38.2+13.9

14 (9%)
24 (15%)
15 (9%)
16 (10%)
11 (7%)
12 (7%)
67 (42%)
2 (1%)

71 (44%)
91 (56%)

58 (36%)
23 (14%)
80 (50%)

145-182; 166+7.1
42-109; 65+11
16.3-39; 24+4
60-113; 7611
59-128; 98+10
66-127; 86x10

0.62-1.2; 0.78+0.08

Abbreviations: AC, abdominal circumference; BMI, body mass index; HC, hip circumference; n, sample size; SD, standard
deviation; WC, waist circumference; WHR, waist-to-hip ratio.
! In some cases, sample sizes differ due to missing values in participants’ questionnaires.

2 n(female)=161; n(male)=111
®n(female)=161; n(male)=110
4 n(female)=162; n(male)=112
5n(female)=161; n(male)=112
5 n(female)=161; n(male)=107
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Table 102. Data Elderly People (BPA analysis)

All Males Females
SEX 66 (100%) 30 (45.5%) 36 (54.5%)
AGE [years] (range; meanSD) 64-79; 71.0+4.3 64-79; 70.9+4.5 65-79; 71.1+4.3
FEDERAL STATE (n=66)
Vienna 13 (20%) 4 (13%) 9 (25%)
Burgenland 2 (3%) 2 (7%) 0 (0%)
Lower Austria 9 (14%) 3 (10%) 6 (17%)
Styria 6 (9%) 3 (10%) 3 (8%)
Upper Austria 4 (6%) 4 (13%) 0 (0%)
Salzburg 18 (27%) 8 (27%) 10 (28%)
Tyrol 14 (21%) 6 (20%) 8 (22%)
REGION (n=65)"?
East Austria 30 (46%) 12 (41%) 18 (50%)
West Austria 35 (54%) 17 (59%) 18 (50%)
RESIDENTAL AREA (n=64)"?
urban 42 (66%) 16 (55%) 26 (74%)
suburban 11 (17%) 5 (17%) 6 (17%)
rural 11 (17%) 8 (28%) 3 (9%)
ANTHROPOMETRIC CHARACTERISTICS
Bodyheight  [cm]  (n=65)"*  (range;  139-186; 166+11 162-186; 1746 139-176; 1598
mean+SD) 54-112; 77+13 67-112; 82+11 54-103; 72+12
Bodyweight ~ [kg] ~ (n=65)""  (range; 21 6.44.6; 28+5 21.6-34.5; 274 22.3-44.6; 295
meanxSD)
2 (o2 . 72-123; 95+11 83-123; 99+10 72-122; 92412
BMI [kg/ =65)" ; +
[kg/m’] (n 12) (range; mean+SD) 90-162; 106+11 93-162; 105+13 90-137; 107+10
WwC =65)" ; +SD
[em] (n )12 (range; mean+SD) 77-129; 10111 88-129; 102+10 77-125; 100+12
HC [cm] (n=65)" (range; mean+SD
[cm] (n=65)"" (rang ) 0.65-1.1; 0.65-1.1; 0.95+0.09  0.74-1.0; 0.85+0.06

AC [cm] (n=65)"? (range; mean+SD) 0.89+0.09
WHR (n=65)"? (range; mean+SD)

Abbreviations: AC, abdominal circumference; BMI, body mass index; HC, hip circumference; n, sample size; SD, standard
deviation; WC, waist circumference; WHR, waist-to-hip ratio.

! In some cases, sample sizes differ due to missing values in participants’ questionnaires.

2 n(female)=36; n(male)=29

% n(female)=35; n(male)=29

3.2.2 Urinary BPA concentrations

Total BPA concentrations [ug/l] were analysed in 2013 by on-line SPE-HPLC-MS/MS.
The limit of detection (LOD) of BPA is 2.5 ug/l. If total BPA levels of more than 10 g/l
were measured, analysis were additionally performed to measure the respective free
BPA concentration and identify possible contaminations of the samples. Total BPA was
measured by the enzymatic scission of B-glucuronidase, whereas free BPA was

measured without enzymatic scission.

Additionally, analysed BPA concentrations in urine were creatinine-adjusted (the

method of creatinine adjustment is described in Chapter 2.5.1) to recognise differences
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in individual renal function, body mass, sex and age. Urinary creatinine levels of each
sample were provided by the IfEW, which analysed the creatinine content

photometrically in urine.

Urinary BPA concentrations [ug/l] in children, adults and elderly people are illustrated in
Table 103. Table 104 shows the creatinine-adjusted BPA concentrations [ug/g] in the
population groups.

Table 103. Concentrations of creatinine-unadjusted BPA [ug/l] in Austrian children, adults and

elderly people

[ug/1] Children | Children Il Adults Elderly People
n 32 221 275 66
range n.d.-14.8 n.d.-12.9 n.d.-16.9 n.d.-6.5
mean+SD 2.4+3.7 0.47+1.5 0.41+1.7 0.31+1.1
median n.d. n.d. n.d. n.d.

25" percentile n.d. n.d. n.d. n.d.

75" percentile 41 n.d. n.d. n.d.

95" percentile 11.9 2.9 n.d. 3.2

DR [%] 50.0 17.6 11.3 10.6

LOD 2.5 2.5 2.5 2.5

Abbreviations: DR, detection rate; LOD, limit of detection; n, sample size; n.d., not detected; SD, standard deviation.

Table 104. Concentrations of creatinine-adjusted BPA [upg/g] in Austrian children, adults and

elderly people

[Ha/g] Children | Children Il Adults Elderly People
n 30 218 273 63
range n.d.-20.0 n.d.-21.2 n.d.-11.9 n.d.-5.0
mean+SD 3.1+4.6 0.45+1.8 0.36x1.4 0.26+0.90
median n.d. n.d. n.d. n.d.

25" percentile n.d. n.d. n.d. n.d.

75" percentile 5.0 n.d. n.d. n.d.

95" percentile 15.2 2.4 2.3 2.6

DR [%] 40.0 17.4 10.9 11.1

Abbreviations: DR, detection rate; n, sample size; n.d., not detected; SD, standard deviation.

Generally, children showed higher BPA exposure than adults and elderly people. Thus,
a decrease of BPA exposure with increasing age was identified. The distributions of
BPA exposure in all study population groups for un-adjusted as well as creatinine-
adjusted urinary BPA are shown in Figure 115 and in Figure 116, respectively.
However, BPA levels were very low, and additionally, BPA was detected in the group of
Children | in 50% of all samples, declining to about 11% in elderly people. Thus,

exposure to BPA in this study population was low.
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Figure 115. Creatinine-unadjusted BPA [ug/l] in the groups of Children | (n=32), Children Il (n=221),
Adults (n=275) and Elderly People (n=66)
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Figure 116. Creatinine-adjusted BPA [ug/g] in the groups of Children | (n=30), Children Il (n=218),
Adults (n=273) and Elderly People (n=63)

3.2.3 Comparison with other study results

3.2.3.1 International studies

Urinary concentrations of total and/or free BPA, and/or creatinine-adjusted BPA in
several population groups as derived from various studies are shown in Table 142 and

Table 143 (Appendix B.2) (tables are not comprehensive).

Median total BPA concentrations in the urine of children were generally low in all listed
studies. In a study conducted in the USA between 1998 and 2003, the highest BPA
levels (medians) were identified in children aged 3-4 years (n=198) born to African-
American and Dominican women (Perera et al., 2012). Compared to results from
Austrian children, exposure was lower in both groups (Children I and Children II),

respectively (Figure 117).

Among adults, several investigations were conducted on women, especially during

pregnancy (Figure 118). Median BPA levels were lower in Austrian women compared
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the results of other studies. The highest maximum level of urinary BPA was found in
pregnant women aged 18-41 years in 2003-2006 from the Netherlands (n=100), where
one woman showed a BPA concentration of 46 pg/l (Ye et al., 2008). The maximum
level of urinary BPA in Austrian women (n=163) from the present study was at 16.9
po/l, whereby for example in a comparable population of German women (n=31) the
maximum levels were lower (Volkel, Kiranoglu and Fromme, 2008). In male and female

adults, exposures to BPA (median levels) were lower in Austrian samples compared to

adults from other countries (Figure 119).
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References: [1] Becker et al. (2009); [2] Wolff et al. (2007); [3] Volkel, Kiranoglu and Fromme (2008); [4] Rudel et al.

(2011); [5] this study.

Figure 117. Median and maximum creatinine-unadjusted BPA concentrations [pug/l] in different
study populations of children between 2003 and 2011 from several countries compared to results

of the present study
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References: [1] Wolff et al. (2008); [2] Perera et al. (2012); [3] Cantonwine et al. (2010); [4] Kim et al. (2003); [5] Ye et
al. (2008); [6] Braun et al. (2012); [7] Volkel, Kiranoglu and Fromme (2008); [8] Arbuckle et al. (2014); [9] this study.

Figure 118. Median and maximum creatinine-unadjusted BPA concentrations [ug/l] in different
study populations of adult females between 1998 and 2011 from several countries compared to

results of the present study
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References: [1] Calafat et al. (2005); [2] Ye et al. (2011); [3] Schoéringhumer and Cichna-Markl (2007) (mean); [4] Volkel,
Kiranoglu and Fromme (2008); [5] Bushnik et al. (2010); [6] Galloway et al. (2010); [7] Rudel et al. (2011); [8] Liao and
Kannan (2012); [9] this study.

Figure 119. Median and maximum creatinine-unadjusted BPA concentrations [ug/l] in different
study populations of adults between <2005 and 2011 from several countries compared to results of
the present study

3.2.3.2 National studies

A study on BPA exposure in male and female children aged 6-11 years and women
aged 38 years (mean) was performed by the EAA in 2009. In the total study population
(n=25), only four samples showed total BPA concentrations in urine above the LOD,
which leads to an overall detection rate of 16%. (Hohenblum and Hutter, 2011)
Compared with results from the present study, BPA was found in urine samples of 11%
of participants from the group of Adults and 50% of participants from the group of
Children I. Maximum values were slightly higher in the present study compared to
those of the study from 2009. However, the different study populations and the small

sample size in the previous study should be considered.

3.2.4 Daily Bisphenol A Intake

3.2.4.1 Calculation

The estimation of the daily intake (DI) of BPA is similar to the calculations made for
phthalates (Chapter 3.1.5). Based on analysed urinary total BPA concentrations,
volume-based Dls according to Koch et al. (2012b) and creatinine-based Dls according

to Frederiksen et al. (2013) were calculated with the following formulas:
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Volume-based model (Koch et al., 2012b):

UC [ug/1] * UVaqy [1/d]
Fyg * bw [kg]

Daily BPA Intake [ug/kg bw/d] =

uc Urinary concentration - analysed total BPA concentration excreted via urine
UVaan 24h urinary volume

Fue urinary molar excretion fraction of BPA

bw bodyweight

Creatinine-based model (Frederiksen et al., 2013):

Ecrea [llg/g] * CEsmoothed [g/d]

4)
Daily BPA Intake [ug/kg bw/d] = Fug » bw [Ke]

UEcrea urinary excretion of total BPA per creatinine

CE-smoothed smoothed creatinine excretion: reference values for the urinary creatinine excretion based on
bodyheight and gender (children) and bodyweight (adults, elderly people)

Fue urinary molar excretion fraction of BPA

bw bodyweight

Urinary concentration (UC):

In this study, total BPA concentrations were analysed in urine in pg/I.

24-h urinary volume (UVy41):

Reference values for urinary volume excreted per day are shown in Table 59.

Urinary excretion per creatinine (UEg.,):

Total BPA levels were analysed in urine in pg/l. Urinary creatinine levels were provided
by the IfEW of each participant. The procedure of the estimation of concentrations of
BPA excretion per creatinine is described in Chapter 2.5.1.

Smoothed creatinine excretion (CEgmoothed):

Similar to the calculation of daily phthalate intake, for the estimation of the Dls of BPA,
24h urinary creatinine excretion reference values are necessary (cf. 3.1.5.1). For

children, reference values published in Remer, Neubert and Maser-Gluth (2002) were
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used, and the reference values of 18 mg/kg bw/d (for females) and 23 mg/kg bw/d (for

males) were used for adults and elderly people (Koch, Drexler and Angerer, 2003).

Molar fraction values (Fyg):

Fye is the amount of urinary excreted BPA within 24 h after an oral application and was
determined in various metabolism studies in humans. The Fyz of BPA is set to 1
because nearly 100% of administered BPA is excreted via urine as glucuronide- or
sulphate-conjugate within 24 h. (Koch et al., 2012b)

3.2.4.2 Acceptable levels of exposure

For BPA, the U.S. EPA has set out a RfD of 50 ug/kg bw/d (U.S. EPA, 2012b). Since
2014, a temporary new TDI of 5 pg/kg bw/d has been set out by the EFSA (EFSA,
2014a).

3.2.4.3 Results
The estimated volume-based and creatinine-based daily BPA intakes for each study

population group are shown in Table 105 and Table 106, respectively.

Table 105. Volume-based daily BPA intakes (ranges, medians, 95" percentiles) [ug/kg bw/d] in

Austrian children, adults and elderly people

DI BPA (volume-based) [pg/kg bw/d]

Population group Sample size (n) Range Median 95™ percentile
Children | 32 n.d.-0.37 0.016 0.300
Children Il 221 n.d.-0.32 n.d. 0.055
Adults 272 n.d.-0.44 n.d. 0.045
Elderly People 65 n.d.-0.12 n.d. 0.073

Table 106. Creatinine-based daily BPA intakes (ranges, medians, 95" percentiles) [ug/kg bw/d] in

Austrian children, adults and elderly people

DI BPA (creatinine-based) [pg/kg bw/d]

Population group Sample size (n) Range Median 95" percentile
Children | 30 n.d.-0.38 n.d. 0.280
Children I 218 n.d.-0.45 n.d. 0.042
Adults 271 n.d.-0.27 n.d. 0.049

Elderly People 63 n.d.-0.09 n.d. 0.057
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3.2.4.3.1 Comparison with acceptable levels of exposure

Compared with ALs (TDI and RfD), all samples showed daily BPA intakes (volume-
based and creatinine-based) far below the RfD of 50 ug/kg bw/d and the temporary TDI
of 5 pg/kg bwi/d.

3.2.4.3.2 Differences between study population groups

As shown in Figure 120 and Figure 122, DlIs for BPA decreased with increasing age.
Children showed higher DIs compared to younger adults and elderly people.
Differences between the study population groups were statistically significant for both
volume-based and creatinine-based daily BPA intakes (Kruskal-Wallis test; p=0.000).
Relative cumulative frequencies are illustrated in Figure 121 for creatinine-based daily
BPA intake and in Figure 123 for volume-based daily BPA intake.

Creatinine-based DI of BPA
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e 95P

DI [ug/kg bw/d]

Study population groups

Figure 120. Distribution of creatinine-based daily BPA intake [pg/kg bw/d] in the groups of Children
I (n=31), Children 1l (n=218), Adults (n=271) and Elderly People (n=63)
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Figure 121. Relative cumulative frequencies [%] for creatinine-based daily BPA intakes [ug/kg
bw/d] among the groups of Children | (n=31), Children Il (n=218), Adults (n=271) and Elderly People
(n=63)
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Figure 122. Distribution of volume-based daily BPA intake [ug/kg bw/d] in the groups of Children |
(n=32), Children Il (n=221), Adults (n=272) and Elderly People (n=65)
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Figure 123. Relative cumulative frequencies [%] for volume-based daily BPA intakes [ug/kg bw/d]
among the group of Children | (n=32), Children Il (n=221), Adults (n=272) and Elderly People (n=65)

3.2.4.3.3 Associations with several selected parameters

Sex

Among the different study population groups, no statistically significant differences
between males and females were identified.

Age

After the performance of Spearman correlation tests, significant correlations were
found between age and volume-based daily BPA intake (n=221; r=0.148, p=0.05) and
creatinine-based BPA intake (n=218; r=0.149, p=0.05) among the group of Children II,
and between age and volume-based daily BPA intake (n=272; r=-0.161, p=0.01) and
creatinine-based BPA intake (n=271; r=-0.153, p=0.05) in the group of Adults.
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Geographical distribution

Among adults, significant differences (Mann-Whitney U tests) were observed between
volume-based daily BPA intake (n=271; p=0.007) as well as creatinine-based daily
BPA intake (n=270; p=0.014) and the geographical distribution (East Austria (n=140)
and West Austria (n=131-132)). Samples from West Austria showed higher BPA

exposure compared to samples from East Austria.

3.2.4.3.4 Comparison with other study results
Several studies have investigated daily BPA intakes in various populations (Table 107).

Compared to results derived from studies in the USA and Germany, participants from
the group of Adults from the present study exhibited multiple lower P95 values (Figure

124). However, the different sampling years and countries must be considered.

Volume-based DI of BPA derived from different studies
0,3
0,2 m95P

0,1

DI [ug/kg bw/d]

USA 2003-2004 [1]  USA 2005-2006 [2] Germany 2009 [3] Austria 2010-2011 [4]
Study

[1] Lakind and Naiman (2008); [2] Lakind and Naiman (2011); [3] Koch et al. (2012b); [4] this study (adults)
Figure 124. 95" percentiles of volume-based daily BPA intakes [pg/kg bw/d] in U.S.-American
children and adults (age 6-60+ years; n=2488 [1]; n=2535 [2]), German adults (age 20.5-28.7; n=60)
and Austrian adults (age 18-65 years; n=272)

Among children from urban as well as rural areas of Denmark and Austria, g5
percentiles of daily BPA intake were lower in Austrian children (including Children | and
Children 1l as one group). Similar to findings from Denmark, Austrian children from rural
areas showed slightly higher BPA intakes than children from urban areas (Figure 125).
Distinctively, P95 values in Austrian children from suburban areas were multiple higher

compared to all other groups.



218

Table 107. Estimated daily BPA intakes (ranges, medians, 95" percentiles) [ug/kg bw/d] from

selected studies

Study / population Year(s) Sample Daily BPA intake Reference
size (n) [ug/kg bw/d]
range (median;
P95)
Germany
Male and female German 2009 60 0.009-0.302 Koch et al. (2012b)
students from Environmental (0.037; 0.142)
Specimen Bank (aged 20.5-
28.7 years)
volume-based
Denmark
Male and female Danish 2011 74 (urban) Urban: 0.27 Frederiksen et al.
children (aged 6-11 vyears) 67 (rural)  (max) (0.04; 0.15) (2013)
from urban and rural area, Rural: 11.4 (max)
respectively (0.04; 0.22)
creatinine-based
Female Danish women (aged 2011 75 (urban) Urban: 0.35 Frederiksen et al.
31-52 years) from urban and 69 (rural) (max) (0.03; (2013)
rural area, respectively 0.122)
creatinine-based Rural: 0.95 (max)
(0.04; 0.24)
USA
Males and females from  2003-2004 2488 (0.05; 0.27) Lakind and Naiman
NHANES 2003-2004 (aged 6- 0.047 (GM) (2008)
60+)
volume-based
Males and females from  2005-2006 2535 0.035 (GM) Lakind and Naiman
NHANES 2005-2006 (aged 6- 0.222 (P95) (2011)
60+ years)
volume-based
Asia
Male and female school 2011 144 0.03-8.64 (0.21) Wang et al. (2012a)
children (aged 8-11) from pg/d
Shanghai (China)
volume-based
Male and female school 2011 115 0.06-19.56 (1.02) Wang et al. (2012a)
children (aged 12-15) from po/d
Shanghai (China)
volume-based
Male and female children and ~ 2006-2007 47 0.03-13.6 (1.16) Zhang et al. (2011)
adolescents (aged <20) from (Korea), pg/d
7 Asian countries® 2010
volume-based
Male and female adults (aged  2006-2007 259 0.08-51.2 (2.21) Zhang et al. (2011)
>20) from 7 Asian countries’ (Korea), ug/d
volume-based 2010

Abbreviations: GM, geometric mean; max, maximum; NHANES, National Health and Nutrition Examination Survey; P95,

95" percentile.

! China, India, Japan, Korea, Kuwait, Malaysia, Vietnam.
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Creatinine-based DI of BPA in children (urban, suburban, and rural) derived from
different studies

3 . [ e

Denmark 2011 (urban) [1] Denmark 2011 (rural) [1] Austria 2010-2011 Austria 2010-2011 Austria 2010-2011
Children I+l (urban) [2]  Children I+ll (suburban)  Children I+l (rural) [2]
[2]

Study

[1] Frederiksen et al. (2013); [2] this study
Figure 125. 95" percentiles of creatinine-based daily BPA intakes [pg/kg bw/d] in Danish children
(age 6-11; n (urban) = 74, n (rural) = 67) and Austrian children (age 7-15 years; n (urban) = 58), n
(suburban) = 23), n (rural) = 146)

3.2.4.4 Discussion

Daily BPA intakes (DIs) were calculated based on analysed urinary total BPA
concentrations with creatinine-based and volume-based calculation models according
to Frederiksen et al. (2013) and Koch et al. (2012b), respectively.

Generally, daily BPA intakes were low. The highest individual volume-based DI was
observed in a participant from the group of Adults (0.44 pg/kg bw/d) and the highest
individual creatinine-based DI in a child from the Children II group (0.45 pg/kg bw/d.
Additionally, no available acceptable exposure level (RfD: 50 pg/kg bw/d, TDI: 5 pg/kg
bw/d) was exceeded by any participant. Although the exposure to BPA was low in the
present study population, the higher exposure in children compared to adults deserves
particular attention, because of the fact that children are a very vulnerable group.

Between the different study population groups, statistically significant differences were
observed, whereby the daily intakes decreased with increasing age. Thus, children are
more highly exposed than adults. Additionally, among the group of Adults significant
differences were found between East and West Austria, whereby participants from
West Austria showed higher Dis.

In comparison to the results of other studies investigating exposure to children, DIs of
BPA were lower in the present study than those of studies from other countries.
Independent of the country of origin, BPA exposure seems to have been decreasing in

recent years, which could be due to the reduced use.
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3.2.5 Reference values for the Austrian population

As described for phthalates (Chapter 3.1.4), urine samples with creatinine
concentrations between 0.3 and 3 g/l (EAG, 2005) were used for the derivation of
reference values for BPA. Data based on urinary BPA concentrations of 222 children
(age 6-15 years; 101 females, 121 males) and 300 adults (age 18-81; 173 females,
127 males) are shown in Table 108:

Table 108. Data used as a basis for the derivation of reference values for urinary BPA [ug/l] of the

general population in Austria

BPA (LOD: 1.3) [pg/I]

Population group n Median P95 Range DR [%] CI-PP95
6-15 years 222 0.0 3.8 n.d.-14.8 20.7 2.9-8.3
18-81 years 300 0.0 1.3 n.d.-16.9 10.7 1.3-45

Abbreviations: CI-PP95, confidence interval of 95" population percentile; DR, detection rate; LOD, limit of detection; n,
sample size; n.d., not detected; P95, 95" percentile. Notes: LOD=LOQ/2.

The reference values for the Austrian population based on total BPA in the urine of
children and adults are listed in Table 109. The reference value for children is more

than two times higher than the value for adults.

Table 109. Reference values for urinary BPA in children and adults in Austria

Population Reference values for BPA
Children, 6-15 years of age, 2010-2011 4 pgll
Adults, 18-81 years of age, 2010-2011 1.5 pgl/l

3.2.5.1 Comparison with reference values derived from Germany

Table 110. Reference values for BPA in children (3-5 years and 6-14 years) and adults (20-29 years)
in Germany (EAG, 2012)

Population Reference value for Study year(s)
BPA [pg/1]

Children (3-5 years) 30 2003-2006

Children (6-14 years) 15 2003-2006

Adults (20-29 years) 7 1995-2009

For BPA, reference values have been published for the German population by the
HBM-commission of the EAG as shown in Table 110. It must be considered for the

comparison of the reference values from Germany and Austria, however, that
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investigated age groups and periods of sampling differ. For both Austrian children and
adults, derived reference values were a multitude lower than values derived from

Germany.

3.2.5.2 Comparison with HBM-values

The HBM-commission of the EAG has set out a HBM-I-value for total BPA (free and
conjugated) for children at 1.5 mg/l (=1500 pg/l), and for adults at 2.5 mg/l (=2500 pg/l).
No HBM-Il-values are currently established (EAG, 2012, 2013b) For adults and for
children, the derived Austrian reference values of 1.5 pg/l and 4 g/l are far below the
HBM-I-value and thus, no action should be necessary because there is no expectation
of adverse health effects. However, the current HBM-I-values are based on the former
EFSA TDI for BPA of 50 pg/kg bw/d. In 2014, a new temporary TDI of 5 ug/kg bw/d
was set out by the EFSA, and possible correction of the current HBM-I-value should be

considered in future.

3.2.6 Associations with selected parameters

3.2.6.1 Age

The total study population (n=593) was classified into several age groups: 6-10 years
(20%), 11-15 years (23%), 18-24 years (7%), 25-50 years (27%), 51-64 years (12%)
and 265 years (11%). Figure 126 illustrates the distribution of different age groups

among the total study population:

Age groups
ge g P W 6-10 years

11%

W 11-15 years

18-24 years
W 25-50 years
B 51-64 years

>65 years

7%

Figure 126. Distribution of age groups (BPA) (n=593)

Following the performance of Kruskal-Wallis tests at a significance level of 0.05,
significant differences were identified between the different age groups and urinary
BPA concentrations [ug/l] (p=0.011), as well as creatinine-adjusted BPA concentrations

[Mo/g] (p=0.014). Maximum and P95 values are shown in Figure 127 and Figure 128.
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Higher BPA levels were observed in younger children than in older children. BPA levels
increased with increasing age of participants, from children to those belonging to the
age group of 51-64 years. In the group of Elderly People, lower levels were found

again, which were also lower than the levels of children.

Table 111. Significant correlations (Spearman’s correlation) between urinary BPA concentrations
[ug/l]l, as well as creatinine-adjusted BPA concentrations [ug/g], and age in the total study

population and the different study population groups

Creatinine-adjusted

Age [years] n BPA [pg/l] n
BPA [ug/g]
All samples 593 -0,167** 584 -0,166**
Children | 31 No correlations 30 No correlations
Children 1l 221 0.166* 218 0.148*
Adults 275 -0.161** 273 -0.157**
Elderly People 66 No correlations 63 No correlations
* Correlation is significant at 0.05 level.
** Correlation is significant at 0.01 level.
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Figure 127. Maximums and 95" percentiles of urinary BPA concentrations [ug/l] in the age groups
6-10 years (n=118), 11-15 years (n=134), 18-24 years (n=45), 25-50 years (n=159), 51-64 years (n=71)
and >65 years (n=66)
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Figure 128. Maximums and 95" percentiles of urinary creatinine-adjusted BPA concentrations
[ng/g] in the age groups 6-10 years (n=116), 11-15 years (n=132), 18-24 years (n=45), 25-50 years
(n=158), 51-64 years (n=70) and >65 years (n=63)
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3.2.6.2 Sex

No significant differences were identified between sexes among the total study

population.

3.2.6.3 Regional differences

In the group of Adults, significant differences were observed between the distribution of
East to West Austria and urinary BPA concentration [ug/l] (p=0.006), as well as
creatinine-adjusted BPA concentrations [ug/g] (p=0.013) when performing Mann-
Whitney U tests. Comparing maximum and P95 values, an east-west-decline was

identified, whereby BPA exposure was higher in East Austria.

3.2.6.4 Residential area

Similar to investigations of phthalate metabolite exposure, potential differences were
assessed between participants from (sub)urban and rural areas regarding BPA
exposure. 237 participants (44.5%) were from (sub)urban areas and 295 participants
(55.5%) were from rural areas. For BPA, no significant differences were found between

the different living areas.

3.2.6.5 Diseases/disorders

Among the groups of Adults and Elderly People, occurrences of several diseases
and/or disorders were surveyed. The distribution of diseases/disorders in both study
population groups was very similar to those of the phthalate metabolite analysis. Thus,

Figure 76 also reflects the distribution of diseases/disorders from BPA investigations.

Between urinary BPA concentrations and the occurrence of diseases/disorders, no

significant associations could be identified.

3.2.6.6 Allergies

The distribution of participants with and without self-reported allergies is illustrated in
Table 112. Following the performance of Mann-Whitney U tests, significant differences
were observed between both investigated groups in the study population group of
Children 1l for creatinine-unadjusted BPA and creatinine-adjusted BPA (p=0.003).
Children without allergies showed higher BPA exposure than children with self-reported

allergies.
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Table 112. Distribution of participants with self-reported allergies and without allergies among the
groups of Children I, Children I, Adults and Elderly People (BPA analysis)

Population group Reported allergies No reported allergies
Children | (n=26) 2 (8%) 24 (92%)
Children Il (n=176) 41 (22%) 135 (78%)
Adults (n=224) 52 (23%) 172 (77%)
Elderly People (n=46) 9 (20%) 37 (80%)

3.2.6.7 Intake of pharmaceuticals

No statistically significant differences or associations between urinary BPA levels and

intake of pharmaceuticals were observed.

3.2.6.8 Smoking behaviour

Regarding to the smoking behaviour in the groups of Adults and Elderly People, no

statistically significant differences or associations with urinary BPA levels were found.

3.2.6.9 Nutrition
Table 113 illustrates the frequencies of food intake among the total study population.

For statistical analysis, in some cases two categories of food intake frequency were
used to make comparisons possible. A statistically significant difference was identified
between unadjusted BPA and no or only infrequent consumption of soft drinks (Mann-
Whitney U test; p=0.043); participants who reported no intake or an infrequent intake
(n=324) showed slightly higher BPA levels in urine compared to participants with a
frequent consumption of soft drinks (n=235). Additionally, statistically significant
differences were also identified between coffee consumption and both creatinine-
unadjusted BPA (p=0.007) and creatinine-adjusted BPA (p=0.008). Participants with no
or an infrequent coffee intake (n=294-299) showed higher BPA intakes compared to

participants with a frequent coffee intake (n=263-267).
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Table 113. Frequencies of intake of different food types among the total study population (n=563-

575) in relation to investigations of urinary BPA concentrations

Intake
Total n Never / not Normal (1-3 Frequently (4

Food group frequently times/week) times/week to

>4 times/d)
Rice, pasta 561 149 (27%) 347 (62%) 65 (11%)
Bread, brown 550 91 (16%) 142 (26%) 317 (58%)
Bread, white 548 156 (29%) 260 (47%) 132 (24%)
Bread, wholemeal 541 179 (33%) 203 (38%) 159 (29%)
Potatoes 566 146 (26%) 352 (62%) 68 (12%)
Vegetables 568 77 (13%) 226 (40%) 265 (47%)
Fruits, fresh 568 43 (8%) 145 (25%) 380 (67%)
Fruit pulp 548 406 (74%) 105 (19%) 37 (7%)
Milk, milk drinks 567 120 (21%) 147 (26%) 300 (53%)
Meat (beef, pork) 569 180 (32%) 322 (56%) 67 (12%)
Poultry 567 229 (40%) 312 (55%) 26 (5%)
Sausages, cold meat 559 130 (23%) 243 (44%) 186 (33%)
Fish 565 297 (53%) 251 (44%) 17 (3%)
Eggs 567 229 (40%) 282 (50%) 56 (10%)
Legumes 568 415 (73%) 139 (24%) 14 (3%)
Almonds, peanuts, nuts 573 360 (63%) 150 (26%) 63 (11%)
Butter, oils 555 104 (19%) 146 (26%) 305 (55%)
Pastries, cakes 566 161 (28%) 323 (57%) 82 (15%)
Chocolate, sweets 568 130 (23%) 234 (41%) 204 (36%)
Fruit or vegetable juices 561 195 (35%) 175 (31%) 191 (34%)
Soft drinks 559 324 (58%) 137 (24%) 98 (18%)
Carbonated beverages 567 234 (41%) 151 (27%) 182 (32%)
Tea 558 210 (38%) 159 (28%) 189 (34%)
Coffee 566 259 (46%) 40 (7%) 267 (47%)
Tab water, mineral water 564 32 (6%) 46 (8%) 486 (86%)
Alcoholic beverages
Alcoholic beverages: Children | 25 25 (100%) 0 (0%) 0 (0%)
Alcoholic beverages: Children I 209 202 (97%) 5 (2%) 2 (1%)
Alcoholic beverages: Adults 266 106 (40%) 121 (45%) 39 (15%)
Alcoholic beverages: Elderly People 60 24 (40%) 18 (30%) 18 (30%)
Canned food 563 436 (77%) 113 (20%) 14 (3%)
Fast Food, Take Away 557 466 (84%) 76 (13%) 15 (3%)
French fries 567 465 (82%) 87 (15%) 15 (3%)
Microwave popcorn 560 501 (89%) 48 (9%) 11 (2%)
Beverages in TetraPak 553 359 (65%) 136 (25%) 58 (10%)
Beverages in PET 561 323 (58%) 131 (23%) 107 (19%)
Beverages in plastic containers 564 467 (83%) 52 (9%) 45 (8%)
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3.2.6.10 Occupation

For all investigated occupation-related parameters (current employment, job sector,
workplace, construction work at workplace, flooring, wall covering and contact with
chemicals/cleaning products/biocides), no statistically significant differences could be
identified.

3.2.6.11 Place of resistance

Current place of residence

Statistically significant differences were identified only among the group of Adults,
where 135 (51%) patrticipants lived in houses and 128 (49%) in apartments. Following
the performance of Mann-Whitney U tests, differences existed between place of
residence and BPA exposure (p=0.009) and creatinine-adjusted BPA exposure
(p=0.001), whereby higher BPA exposure was found among adults living in

apartments.

Use of a laundry dryer

Among the group of Adults, statistically significant differences were found between the
use of a laundry dryer at the participant’s place of residence and creatinine-unadjusted
BPA (p=0.040) and creatinine-adjusted BPA (p=0.046) after performing Mann-Whitney
U tests. Adults who reported using a laundry dryer at their homes (n=205; 76%)
showed higher BPA exposure than adults who reported not using a laundry dryer
(n=65; 24%).

3.2.7 Summarised results

In Table 114, a result summary of BPA analysis is illustrated describing the assessed
exposure, the calculated daily BPA intake, the derived reference values for the Austrian
population, the scenario exposure calculations and the significant associations and/or

differences between BPA exposure and selected parameters:
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Table 114. Result summary for BPA

Children |
range
(median; P95) (n)

Children Il
range
(median; P95) (n)

Adults
range
(median; P95) (n)

Elderly People
range
(median; P95) (n)

Exposure

Urinary concentrations [ug/l]

Creatinine-adjusted urinary concentrations
[ug/g]

Daily Intake
Volume-based DI [ug/kg bw/d]

Creatinine-based DI [ug/kg bw/d]

RfD [ug/kg bw/d]

Temporary TDI [pg/kg bw/d]

DI exceedances of AL [%)]
Reference Values [ug/l]
Scenario Exposure Calculations

SEC based on mean levels in food [pg/kg
bw/d]

SEC based on maximum levels in food [pg/kg
bw/d]

Parameters

Age

Regional differences

Allergies

Nutrition

Current place of residence

Use of laundry dryer

n.d.-14.8 n.d.-12.9 n.d.-16.9 n.d.-6.5
(n.d.; 11.9) (32) (n.d.; 2.9) (221) (n.d.; 1.7) (275) (n.d.; 3.2) (66)
n.d.-20.0 n.d.-21.2 n.d.-11.9 n.d.-5.0

(n.d.; 15.2) (30)

(n.d.; 2.4) (218)

(n.d.; 2.3) (273)

(n.d.; 2.6) (63)

n.d.-0.37 n.d.-0.32 n.d.-0.44 n.d.-0.12
(0.016;0.30) (32)  (n.d.;0.06) (221)  (n.d.; 0.05) (272) (n.d.; 0.07) (65)
n.d.-0.38 n.d.-0.45) n.d.-0.27 n.d.-0.09
(n.d.; 0.28) (30) (n.d;0.04) (218)  (n.d.; 0.05) (271) (n.d.; 0.06) (63)
50 50 50 50
5 5 5 5
0 0
4 4 15 15
0.03-2.8 0.001-6.0 0.001-2.1 0.002-0.9
(0.44; 2.5) (0.25; 1.9) (0.09; 0.71) (0.01; 0.31)
0.14-11.8 0.04-11.3 0.09-3.5 0.18-2.7
(0.96; 8.9) (0.86; 4.9) (0.64; 2.0) (0.54; 1.6)

Significant decrease of BPA exposure (creatinine-adjusted and -unadjusted levels)
with increasing age.

In the group of Adults, significant east-west decline for creatinine-unadjusted BPA was
observed.

Significantly higher BPA exposure (adjusted and unadjusted) in the Children | group
without self-reported allergies.

Slightly, yet significantly higher BPA exposure (creatinine-unadjusted levels) in
participants who consumed soft drinks either never or infrequently. Significantly higher
exposure (creatinine-adjusted and -unadjusted) in participants who consumed coffee
either never or not often.

Significantly higher BPA exposure (adjusted and unadjusted) in participants from the
group of Adults living in apartments.

Significantly higher exposure to BPA (creatinine-unadjusted) in the group of Adults
who used a laundry dryer at their homes.

2 exceedance of TDI of creatinine-based DI

Abbreviations: AL, acceptable level of exposure; crea, creatinine; DI, daily intake; n, sample size; P95, 95" percentile; RfD, Reference Dose; SEC,
Scenario Exposure Calculations; TDI, Tolerable Daily Intake.
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3.3 SCENARIO EXPOSURE CALCULATIONS

Based on the surveyed Food Frequency Questionnaires (FFQ) and 24h-recalls
provided by the IfEW, scenario exposure calculations (SEC) were performed to
estimate of the potential phthalate and BPA intake via food ingestion. Therefore, the
frequency of intakes and the amounts of consumed food were compared with phthalate
and BPA concentrations of different food groups, respectively, which were reported in

literature.

The FFQ contained 33 questions about the frequency of consumption of various
foodstuffs (Table 115). The participants were able to choose between the answers
“‘never”, “1-3 times per month”, “1 time per week”, “2-3 times per week”, “4-6 times per
week”, “1 time per day”, “2-3 times per day” and “4 times per day or more often” to
describe their frequency of usual food intake. For each participant and food group, the
mean daily consumption frequency was calculated: never (0 times/day), 1-3 times per
month (0.07 times/day), 1 time per week (0.14 times/day), 2-3 times per week (0.36
times/day), 4-6 times per week (0.71 times/day), 1 time per day (1 time/day), 2-3 times

per day (2.5 times/d) and 4 times per day or more often (4 times/day).

Participants provided 24h-recalls for three consecutive (in children) or two non-
consecutive days (in adults and elderly people), respectively. Therefore, consumption
of all food and beverages were documented at delivered sheets by the IfEW as
detailed as possible. Portion sizes were weighed or gauged by the participants
themselves. Reported amounts of food intake (portion size) were sorted by food type
for each study population group®, and the calculated means were used for further

estimations (shown in Table 118 to Table 122).

3.3.1 Approach

1. Literature research of available data on phthalate and BPA levels in various
foodstuffs (in relation to the FFQ food types) and preparation of tables
containing mean (or median) and maximum concentrations.

2. Derivation of mean and maximum amounts of food consumption for the

investigated population provided from the individual data of the 24-h recalls.

® The population group of Children Il was divided in two additional age groups (7-11 and 12-15), because
of the presumption of different amounts of food intake in this both age groups.
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Estimation of the individual uptake of phthalates and BPA through food;
reported frequencies of intake of different food types (provided from FFQ) were
converted into frequency of intake per day.

Calculation of intakes per day [pg/d] and intakes per bodyweight per day [pg/kg
bw/d] for each food group (coded with FFQ1-FFQ33) for several phthalates
(DMP, DEP, DiBP, DnBP, BBzP, DEHP, DINP and DiDP) as well as for BPA for
mean and maximum concentrations levels in food, respectively. Additionally,
the sum of all phthalates was calculated.

Investigation of differences between study population groups.

Cumulative Risk Assessment for phthalates (estimation of Hazard Indices).
Comparison of selected estimated phthalate and BPA intakes via food derived

from the SEC and daily intakes derived from analysed phthalate metabolites

and BPA in urine with Spearman’s correlation (2-tailed).

3.3.2

Investigated food groups

Table 115 shows the investigated food groups (coded by FFQ1-FFQ33) from surveyed

FFQ:

Table 115. Food groups in the FFQ

Food groups in the FFQ

FFQ1 Rice, Noodles
FFQ2 Brown bread
FFQ3 White bread
FFQ4 Wholemeal bread

FFQ5 Potatoes

FFQ6 Vegetables
FFQ7 Fruits fresh
FFQ8 Compote, fruit pulp
FFQ9 Milk and milk drinks
FFQ10 Meat (beef or pork)

FFQ11 Poultry

FFQ12 Sausages, cold meat
FFQ13 Fish

FFQ14 Eggs

FFQ15 Legumes

FFQ16 Almonds, peanuts, nuts

FFQ17 Butter, oil

FFQ18 Pastries, cakes

FFQ19 Chocolate, sweets
FFQ20 Fruit or vegetable juices
FFQ21 Soft drinks

FFQ22 Carbonated drinks

FFQ23 Tea

FFQ24 Coffee

FFQ25 Tab / mineral water
FFQ26 Alcoholic beverages

FFQ27 Preserves

food)

(canned

FFQ28 Fast Food, Take Away
FFQ29 French fries

FFQ30 Microwave popcorn
FFQ31 Juices in TetraPak
FFQ32 Beverages in PET

FFQ33 Beverages in plastic
cup for Take Away
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3.3.3 Phthalate and BPA levels in food

A literature research was performed to collect available data on phthalate and BPA
concentrations in various foodstuffs. Therefore, scientific studies, reports and other
publications and data were gathered by internet research and online publication
databases searching via appropriate key words*®. Collected data were compiled in an
Excel file. Because of the availability of data from different countries all over the world,
as well as from investigations that occurred within the last decades, decisions had to
be made for choosing data for calculations. If available, data from studies performed in
Austria, Germany or other countries of the EU, as well as more recent studies were

preferred. However, uncertainties exist, which will be discussed below (Chapter 3.3.7).

Phthalate and BPA concentrations in foodstuff are given in pg/kg food. For beverages,
a density of 1 was expected. Selected BPA and phthalate levels in food are listed in
Table 116 and Table 117 , respectively. In Appendix C, complete collected data are

shown.

Table 116. BPA concentrations (maximums and means) [pg/kg] in various foodstuffs derived from

several studies used for scenario exposure calculations

Food group Packaging ?nZi‘ Ertge/:% References / Comments

FFQ1 Rice, pasta

Rice n.r. n.d. Cao et al., 2011

Pasta n.r. n.d. Cao et al., 2011

FFQ2 Bread, brown n.r. 1.73 Caoetal., 2011

FFQ3 Bread, white n.r. 0.4 Caoetal., 2011

FFQ4 Bread, wholemeal No data available, therefore values from “FFQ2 Bread, brown” was used
FFQ5 Potatoes n.r. 0.82 (0.41) Cao et al., 2011 (mean concentrations of

baked with skin, and peeled and boiled
potatoes were used)

FFQ6 Vegetables n.r. 399.0 (n.d.) Cao et al., 2011 (mean value); Sungur,
Koéroglu and Ozkan, 2014 (maximum
value; mushrooms in glass)

FFQ7 Fruits n.r. 0.57 (n.d.) Cao etal., 2011
FFQ8 Compote, fruit pulp No data available, therefore “FFQ7 Fruits” were used
FFQ9 Milk and milk drinks TetraPak 2.64 (1.82) Casajuana and Lacorte, 2004 (In Austria,

milk is mainly in TetraPak available)

FFQ10 Meat (beef, pork)

Beef n.r. n.d. Caoetal., 2011
Pork n.r. n.d. Cao etal., 2011
FFQ11 Poultry fresh 0.35 (0.28) Schlecter et al., 2010

16 Used key words were for example “phthalate”, “phthalic acid esters”, “bisphenol A”, “food” or “food
content”.
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continued
FFQ12 Sausages, cold meat n.r. 0.48 Cao et al., 2011
FFQ13 Fish fresh 0.48 (0.16) Goodson, Summerfield and Cooper,
2002; Cao et al., 2011
FFQ14 Eggs n.r. n.d. Cao et al., 2011
FFQ15 Legumes Can 37.0 (25.2) Goodson, Summerfield and Cooper,
2002; Braunrath et al., 2005 (only data for
canned legumes available; mean value
was used from investigations in Europe)
FFQ16 Almonds, peanuts, n.r. n.d. Cao et al., 2011
nuts
FFQ17 Butter, oil Can, glass, 7.7 (1.9) Liao and Kannan, 2013
plastic
FFQ18 Pastries, cakes n.r. n.d. Cao et al., 2011
FFQ19 Chocolate, sweets Plastic 1.0 Sajiki et al., 2007
FFQ20 Fruit or vegetable Paper box 82.6 (66.7) Sungur, Kéroglu and Ozkan, 2014
juices
FFQ21 Soft drinks Can 4.0 (0.49) Cunha et al., 2011

FFQ22 Carbonated beverages

Values used from “FFQ21 Soft drinks” and “FFQ25 Tab water / mineral

water”
FFQ23 Tea n.r. n.d. Cao et al., 2011
FFQ24 Coffee n.r. 0.22 Cao et al., 2011
FFQ25 Tab water / mineral PC, HDPE, 8.8 (n.d.) BCS, 2010b
water PET, can,
glass
FFQ26 Alcoholic beverages
Wine glass 0.74 Cao etal., 2011
Beer Can, glass 1.5(0.17) Braunrath et al., 2005 (investigations from
Austria in canned beer); BCS, 2010a
(beer bottled in glass)
FFQ27 Canned food Can 551 (21.2) Sungur, Kéroglu and Ozkan, 2014
(maximum value; tuna); Braunrath et al.,
2005 (mean value; canned soups from
Austria)
FFQ28 Fast Food, Take Away n.r. 33.0 (5.5) Mean values were derived from
concentrations published in Cao et al.,
2011 and Goodson, Summerfield and
Cooper, 2002
FFQ29 French fries n.r. 1.1 Cao et al., 2011
FFQ30 Microwave popcorn n.r. n.d. Cao etal., 2011
FFQ31 Juices in TetraPak Paper box 82.6 (66.7) Sungur, Kéroglu and Ozkan, 2014
FFQ32 Beverages in PET
Soft drinks PET 0.018 (0.002) BCS, 2010a
Mineral water PET n.d. BCS, 2010b

FFQ33 Beverages in plastic
cup for Take Away

No data available

Abbreviations: BPA, Bisphenol A; max, maximum; n.d., not detected; n.r., not reported.
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3.3.4 Amounts of food consumption

For ASNS, 24h-recalls were collected from almost all participants mostly on two non-
consecutive days for adults and elderly people, and three consecutive days for
children. The participants documented (in the ideal case) all food and beverages
consumed by weighing or gauging the masses. Based on these recalls, the
approximate intakes (amounts of consumption) per portion [g] were calculated for each
food group for this sample (Table 118 - Table 122). The benefit of the calculation from
these data was that mean intakes of this population were available and could be used

for scenario exposure calculations, which should minimise the possible error.

If the data was not normally distributed, median values were used for SEC.

3.3.5 Calculation

Calculations were performed according to the following formula of SEC of phthalate
and BPA intake, respectively, for each single food group (FFQX):

Phthalate or BPA intake [ug/kgbw/d] =

(Freqintake [times/d] * Consumption [g] * Cfood [”- g/kg])

bw [kg]
Freqintake Frequency of intake of a food type (FFQXx) per day
Consumption Amount of mean consumption of a food type (FFQX)
Crood Phthalate / BPA concentration (maximum and minimum) in foodstuff

bw Bodyweight
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Table 118. Consumption of various foodstuff (mean+SD, median, range) [g] among the Children |

group (age 6-8) (n=29) derived from 24h-recalls for 3 consecutive days (n=87)

Amount mean+SD Median Min Max
FFQ1 Rice/Noodles 35 108.3+56.7 112 15 254
Rice 22 99.2+51.9 112 20 250
Noodles 13 123.7463.1 110 15 254
FFQ2 Bread, brown 69 50.6+17.0 50 15 100
FFQ3 Bread, white 59 46.8+22.3 61.3 20 125
FFQ4 Bread, wholemeal 15 48.7+25.6 50 20 100
FFQ5 Potatoes 27 109.9+49.3 70 63 228
FFQ6 Vegetables 74 51.8+32.6 50 12 207
FFQ?Y Fruits fresh 75 106.1+40.3 125 20 159
FFQ8 Compote, fruit pulp 2 172+0.0 172 172 172
FFQ9 Milk, milk drinks 93 211.2+66.1 200 19 375
FFQ10 Meat (beef or pork) 18 107.7+41.4 110 53 200
FFQ11 Poultry 10 118.3+30.7 113 53 160
FFQ12 Sausages, cold meat 69 31.7+31.3 25 8.3 200
FFQ13 Fish 10 82.4452.2 77 30 199
FFQ 14 Eggs 12 61.9+9.4 65 325 65
FFQ15 Legumes 4 50+35.6 40 20 100
FFQ16 Almonds, peanuts, nuts 3 12.7+15.1 6 2 30
FFQ17 Butter, oil 91 7.3t4.6 7.5 0.2 22
Butter 50 9.1+4.1 10 4 22
Oil 31 3.8t3.4 2.65 0.2 10
Margarine 10 9.0+4.6 10 5 20
FFQ18 Pastries, cakes 43 68.4+37.0 64 20 210
FFQ19 Chocolate, sweets 92 21.1+16.9 20 14 100
FFQ20 Fruit or vegetable juices 61 191.7+84.5 190 30 500
FFQ21 Soft drinks 35 238.1+96.0 250 100 500
Soft drinks carbonated 30 227.8491.2 225 100 500
Soft drinks not carbonated 5 300.0+111.8 250 250 500
FFQ 22 Carbonated beverages® 45 232.0£94.5 220 100 500
FFQ23 Tea 18 233.9+49.8 200 190 300
FFQ24 Coffee 1 171 171 171 171
FFQ25 Tab / mineral water 215 219.6+96.1 220 50 650
Tab water 200 218.1+95.6 220 50 650
Mineral water 15 240.3+103.7 220 100 500
FFQ26 Alcoholic beverages 0
FFQ27 Preserves 4 45.0+10.0 50 30 50
FFQ28 Fast Food, Take Away 6 167.3+145.0 106 20 350
FFQ29 French fries 9 116.4+43.5 116 58 175
FFQ30 Popcorn 3 40.0£8.7 45 30 45
FFQ31 Juices in TetraPak 11 309.1+126.1 250 150 500
FFQ32 Beverages in PET? 19 230.5+£97.3 220 100 500
FFQ33 Beverages in plastic container for 300

Take Away®

Abbreviations: Max, maximum; Min, minimum; PET, polyethylene terephthalate; SD, standard derivation.

 mineral water carbonated and soft drinks carbonated

2 all data of mineral water and of soft drinks known to be bottled in PET (e.g. Coca Cola, Aimdudler, Sprite, Mezzo Mix) were used

% no information from 24h-recalls available, therefore a mean value was used for possible volumes of common plastic containers (derived
from: http://www.plastikbecher.de/index.php?cat=HEISSGETRAENKEBECHER)
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Table 119. Consumption of various foodstuff (meantSD, median, range) [g] among the Children I

group (age 8-11) (n=87) derived from 24h-recalls for 3 non-consecutive days

Amount mean+SD Median min max
FFQ1 Rice/Noodles 119 114.9456.1 110 10 254
Rice 51 92.6+46.2 60 30 250
Noodles 68 131.6457.4 137 10 254
FFQ2 Bread, brown 307 51.4+17.8 50 15 140
FFQ3 Bread, white 266 53.0+18.5 61.3 10 125
FFQA4 Bread, wholemeal 71 45.6+20.6 50 15 140
FFQ5 Potatoes 98 119.5+64.7 132 15 420
FFQ6 Vegetables 270 67.5+42.1 60 4 207
FFQ7 Fruits fresh 259 100.8+54.8 125 2 301
FFQ8 Compote, fruit pulp 12 131.6+35.9 113 84 172
FFQ9 Milk, milk drinks 247 226.0+90.9 200 15 750
FFQ10 Meat (beef or pork) 93 104.4+67.2 110 9.8 418
FFQ11 Poultry 42 83.0+£39.2 91.5 18 160
FFQ12 Sausages, cold meat 326 39.0+£34.0 27 5 202.5
FFQ13 Fish 32 85.4+48.4 64 10 199
FFQ 14 Eggs 35 67.8+20.8 60 325 130
FFQ15 Legumes 4 50.0+0.0 50 50 50
FFQ16 Almonds, peanuts, nuts 10 27.6+£20.9 25 2 50
FFQL17 Butter, oil 319 6.8+4.7 5 0.33 32.3
Butter 169 8.4+4.4 10 25 30
Oil 135 4.6+4.3 3.2 0.33 32.3
Margarine 15 9.1+4.3 10 5 22
FFQ18 Pastries, cakes 194 68.7+35.8 64 6.33 190
FFQ19 Chocolate, sweets 344 25.6+23.9 16.5 14 120
FFQ20 Fruit or vegetable juices 223 199.1+107.3 150 20 750
FFQ21 Soft drinks 172 310.9+160.3 250 100 1500
Soft drinks carbonated 128 305.2+131.8 250 100 1000
Soft drinks not carbonated 44 327.3+224.8 250 100 1500
FFQ 22 Carbonated beverages® 236 302.3+144.1 250 62.5 1000
FFQ23 Tea 114 241.4+103.9 200 100 1000
FFQ24 Coffee 3 198.3+67.9 190 135 270
FFQ25 Tab / mineral water 823 252.7+134.2 250 50 2000
Tab water 715 245.74129.0 250 20 2000
Mineral water 108 298.9+157.9 250 62.5 1000
FFQ26 Alcoholic beverages 1 125 125 125 125
FFQ27 Preserves 11 78.2+70.2 50 10 200
FFQ28 Fast Food, Take Away 17 150.5+87.1 120 20 350
FFQ29 French fries 27 91.74£32.9 90 58 175
FFQ30 Popcorn 13 32.3+20.2 30 15 90
FFQ31 Juices in TetraPak 22 228.4+77.6 250 125 500
FFQ32 Beverages in PET? 126 298.9+152.3 250 62.5 1000
FFQ33 Beverages in plastic containers® 300

Abbreviations: Max, maximum; Min, minimum; PET, polyethylene terephthalate; SD, standard derivation.

! mineral water carbonated and soft drinks carbonated

2 all data of mineral water and of soft drinks known to be bottled in PET (e.g. Coca Cola, Alimdudler, Sprite, Mezzo Mix) were used

3 no information from 24h-recalls available, therefore a mean value was used for possible volumes of common plastic containers (derived
from: http://www.plastikbecher.de/index.php?cat=HEISSGETRAENKEBECHER)
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Table 120. Consumption of various foodstuff (mean+SD, median, range) [g] among the Children Il

group (age 12-15) (n=86) derived from 24h-recalls for 3 non-consecutive days

Amount mean+SD Median min max
FFQ1 Rice/Noodles 61 159.5+61.2 170 60 385
Rice 24 115.9+38.5 112 60 171
Noodles 37 187.8+56.6 170 110 385
FFQ2 Bread, brown 143 54.5+19.2 50 30 140
FFQ3 Bread, white 153 51.6+16.7 61.3 20 83
FFQ4 Bread, wholemeal 17 57.4+16.6 60 25 100
FFQ5 Potatoes 27 154.9+59.6 141 63 280
FFQ6 Vegetables 113 77.8161.6 60 10 370
FFQ?Y Fruits fresh 106 116.8+40.0 125 25 301
FFQ8 Compote, fruit pulp 3 88.7+81.1 84 10 172
FFQ9 Milk, milk drinks 111 215.7471.4 200 20 500
FFQ10 Meat (beef or pork) 49 115.1+58.9 111 45 320
FFQ11 Poultry 30 100.3+52.9 101 20 253
FFQ12 Sausages, cold meat 190 38.3+29.1 27 9.8 150
FFQ13 Fish 16 92.7+48.6 97 30 199
FFQ 14 Eggs 14 70.7+£19.8 65 60 130
FFQ15 Legumes 4 156.5+96.4 163 50 250
FFQ16 Almonds, peanuts, nuts 6 41.3+22.5 30 20 70
FFQ17 Butter, oil 122 7.6x4.9 5.6 0.5 22
Butter a7 8.6+4.3 10 5 22
Oil 68 6.2+4.3 5.6 0.5 195
Margarine 7 13.7+£8.0 10 5 22
FFQ18 Pastries, cakes 96 73.7£40.5 64 14 180
FFQ19 Chocolate, sweets 141 32.1+33.8 20 14 200
FFQ20 Fruit or vegetable juices 84 284.4+161.0 250 75 1000
FFQ21 Soft drinks 173 331.4+182.4 250 50 1000
Soft drinks carbonated 129 336.9+188.5 250 100 1000
Soft drinks not carbonated 44 315.2+164.1 250 50 1000
FFQ 22 Carbonated beverages® 173 340.7+212.8 250 100 1500
FFQ23 Tea 36 216.1+34.5 200 150 300
FFQ24 Coffee 15 215.3+72.0 200 50 300
FFQ25 Tab / mineral water 360 293.1+183.5 250 75 1500
Tab water 316 285.0+166.1 250 75 1500
Mineral water 44 351.6+274.0 250 150 1500
FFQ26 Alcoholic beverages 2 265.0+91.9 265 200 330
Beer 1 330 330 330 330
Other alcoholic beverages 1 200 200 200 200
FFQ27 Preserves 5 64.0+49.3 100 10 100
FFQ28 Fast Food, Take Away 34 214.4+114.3 187 20 350
FFQ29 French fries 30 129.0+36.5 130 30 175
FFQ30 Popcorn 5 60.0+28.1 45 30 90
FFQ31 Juices in TetraPak 8 406.3+129.4 500 250 500
FFQ32 Beverages in PET? 61 383.4+262.3 250 150 1500
FFQ33 Beverages in plastic containers® 300

Abbreviations: Max, maximum; Min, minimum; PET, polyethylene terephthalate; SD, standard derivation.

 mineral water carbonated and soft drinks carbonated

2 all data of mineral water and of soft drinks known to be bottled in PET (e.g. Coca Cola, Almdudler, Sprite, Mezzo Mix) were used

% no information from 24h-recalls available, therefore a mean value was used for possible volumes of common plastic containers (derived
from: http://www.plastikbecher.de/index.php?cat=HEISSGETRAENKEBECHER)
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Table 121. Consumption of various foodstuff (mean+SD, median, range) [g] among the Adults

group (n=270) derived from 24h-recalls for mostly two non-consecutive days (n=535)

Amount mean+SD Median min max

FFQ1 Rice/Noodles 171 126.7+63.9 112 10 500
Rice 86 100.5+43.9 112 10 277.9
Noodles 85 153.3+70.0 170 20 500

FFQ2 Bread, brown 420 57.8+24.0 50 10 210
FFQ3 Bread, white 227 55.4+25.0 61.3 10 156.3
FFQA4 Bread, wholemeal 145 58.0+£27.3 50 2 150
FFQ5 Potatoes 132 129.7+56.6 141 35 407
FFQ6 Vegetables 715 65.9+46.3 56 3 300
FFQ7 Fruits fresh 616 123.1+72.1 125 2 660
FFQ8 Compote, fruit pulp 14 157.6+96.1 140.8 30 400
FFQ9 Milk, milk drinks 531 60.2+90.6 20 10 750
FFQ10 Meat (beef or pork) 144 114.6+54.9 111 9.8 345
FFQ11 Poultry 92 118.5+55.4 111 20 316.3
FFQ12 Sausages, cold meat 327 43.4+40.2 34.5 5 250
FFQ13 Fish 57 111.8453.2 124 5 250
FFQ 14 Eggs 59 61.7+21.1 60 10 195
FFQ15 Legumes 27 63.1+34.0 52 17 150
FFQ16 Almonds, peanuts, nuts 49 31.2+35.4 30 2 250

FFQL17 Butter, oil 542 9.0+8.0 7.6 0.3 90

Butter 228 12.0+8.6 125 25 90

Oil 286 5.615.0 5.3 0.3 47.8
Margarine 28 18.6+9.3 12.5 5 375
FFQ18 Pastries, cakes 276 85.5+55.6 64 5 320
FFQ19 Chocolate, sweets 377 32.5+38.7 38.7 14 300
FFQ20 Fruit or vegetable juices 237 262.3+139.4 250 10 1000
FFQ21 Soft drinks 105 412.5+195.0 400 100 1000
Soft drinks carbonated 86 371.1+166.8 330 100 1000
Soft drinks not carbonated 19 552.6+213.7 500 250 1000
FFQ 22 Carbonated beverages® 445 441.5+196.5 500 100 1500
FFQ23 Tea 294 383.1+310.0 250 100 2500
FFQ24 Coffee 645 197.3+78.2 180 25 900
FFQ25 Tab / mineral water 1388 448.1+234.3 500 30 1500
Tab water 1021 443.7+245.5 500 30 1500
Mineral water 367 460.6+199.5 500 125 1500
FFQ26 Alcoholic beverages 222 361.3+367.5 250 20 2500
Beer 106 592.3+413.6 500 200 2500

Wine 84 163.7+84.9 125 125 500

Spirits 9 36.1+35.9 20 20 125

Liqueur 3 20.0+0.0 20 20 20

Other alcoholic beverages 20 164.8+117.3 125 40 500
FFQ27 Preserves 27 78.1+£56.5 64 10 200
FFQ28 Fast Food, Take Away 29 183.9+115.2 190 20 350
FFQ29 French fries 22 101.7+43.1 97 62 250

FFQ30 Popcorn 6 45.0£36.7 30 15 90
FFQ31 Juices in TetraPak 230 264.8+140.3 250 10 1000
FFQ32 Beverages in PET? 462 448.3+199.5 500 100 1500

FFQ33 Beverages in plastic containers® 300

Abbreviations: Max, maximum; Min, minimum; PET, polyethylene terephthalate; SD, standard derivation.

! mineral water carbonated and soft drinks carbonated

2 all data of mineral water and of soft drinks known to be bottled in PET (e.g. Coca Cola, Alimdudler, Sprite, Mezzo Mix) were used

3 no information from 24h-recalls available, therefore a mean value was used for possible volumes of common plastic containers (derived
from: http://www.plastikbecher.de/index.php?cat=HEISSGETRAENKEBECHER)
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Table 122. Consumption of various foodstuff (mean+SD, median, range) [g] among the Elderly

People group (n=69) derived from 24h-recalls for 1-2 non-consecutive days, respectively (n=135)

Amount Mean+SD Median Min Max
FFQ1 Rice/Noodles 16 127.8+38.0 114.5 60 170
Rice 7 68.6+22.7 60 60 120
Noodles 9 150.0+£30.0 170 110 170
FFQ2 Bread, brown 123 49.3+9.9 50 5 75
FFQ3 Bread, white 55 46.1+21.1 61.3 10 83
FFQ4 Bread, wholemeal 43 50.2+6.7 50 30 60
FFQ5 Potatoes 55 123.7+£32.5 141 63 228
FFQ6 Vegetables 128 76.2+49.6 75 3 225
FFQ?Y Fruits fresh 168 93.8+52.4 125 2 250
FFQ8 Compote, fruit pulp 8 132.9+60.6 131.5 50 229
FFQ9 Milk, milk drinks 158 69.6+113.3 20 25 750
FFQ10 Meat (beef or pork) 32 109.9+46.8 111 26 220
FFQ11 Poultry 19 129.7455.9 125 50 316.3
FFQ12 Sausages, cold meat 96 35.9+24.5 34.5 9.8 150
FFQ13 Fish 21 119.9+63.7 151 13 285
FFQ 14 Eggs 14 58.6+8.4 60 30 65
FFQ15 Legumes 11 69.8+31.4 73 15 101
FFQ16 Almonds, peanuts, nuts 13 18.8+9.6 15 10 30
FFQ17 Butter, oil 170 9.3+6.5 10 0.4 40
Butter 75 11.3+5.1 12.5 25 30
Oil 74 5.8+5.0 5.6 0.4 25
Margarine 21 14.1+9.3 12.5 25 40
FFQ18 Pastries, cakes 95 64.3+46.6 47 4 210
FFQ19 Chocolate, sweets 64 24.3+28.0 14 14 160
FFQ20 Fruit or vegetable juices 29 222.8+164.6 250 10 1000
FFQ21 Soft drinks 9 258.3+100.0 250 125 500
Soft drinks carbonated 9 258.3+100.0 250 125 500
Soft drinks not carbonated
FFQ 22 Carbonated beverages® 68 349.6+£184.7 250 125 1000
FFQ23 Tea 94 357.5+197.7 250 180 1000
FFQ24 Coffee 158 184.0+41.3 180 22,5 270
FFQ25 Tab / mineral water 299 384.8+199.4 250 70 1500
Tab water 240 390.0+201.4 330 70 1500
Mineral water 59 363.5+191.1 250 125 1000
FFQ26 Alcoholic beverages 100 274.5+¥174.7 250 20 1000
Beer 42 412.1+166.2 330 200 1000
Wine 44 177.3+83.3 125 50 500
Spirits 2 20.0+0.0 20 20 20
Liqueur 1 20 20 20 20
Other alcoholic beverages 11 207.3+116.8 200 80 500
FFQ27 Preserves 3 134.3+30.1 125 110 168
FFQ28 Fast Food, Take Away 1 127 127 127 127
FFQ29 French fries 3 91.7427.4 97 62 116
FFQ30 Popcorn
FFQ31 Juices in TetraPak 26 228.8+168.6 250 100 1000
FFQ32 Beverages in PET? 68 349.6+£184.7 250 125 1000
FFQ33 Beverages in plastic containers® 300

Abbreviations: Max, maximum; Min, minimum; PET, polyethylene terephthalate; SD, standard derivation.

 mineral water carbonated and soft drinks carbonated

2 all data of mineral water and of soft drinks known to be bottled in PET (e.g. Coca Cola, AiImdudler, Sprite, Mezzo Mix) were used

% no information from 24h-recalls available, therefore a mean value was used for possible volumes of common plastic containers (derived
from: http://www.plastikbecher.de/index.php?cat=HEISSGETRAENKEBECHER)
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3.3.6 Results

3.3.6.1 Phthalates

In total, phthalate intakes of 585 participants were investigated for the groups of
Children | (n=25), Children 1l (n=205), Adults (n=296) and Elderly People (n=59).
Participants with more than five missing items in their FFQ were eliminated from
calculation. In the following, calculated phthalate intake via food and identified
exceedances of acceptable levels of exposure, differences between study population
groups, estimated hazard indices and comparisons with DIs derived from analysed
urinary phthalate metabolites will be reported and discussed.

3.3.6.1.1 Calculated intake through various foodstuffs

Children |

Table 123. Calculated phthalate intakes [pg/kg bw/d] through various foodstuffs in the group of
Children I (n=25)

E,L\l,s//g]g Phth mean Phth max

range mean+SD median P95 range mean+SD median P95
DMP 0.0-2.3 0.57+0.66 0.27 21 0.14-7.1 2.0£1.9 14 6.7
DEP 0.03-0.16  0.08+0.03 0.07 0.16 0.13-0.82 0.37+0.18 0.31 0.79
DiBP 0.14-1.9 0.51+0.34 0.44 15 0.74-5.2 1.9+0.97 1.7 4.8
DnBP 0.37-2.2 0.83£0.44 0.71 2.1 11.6-56.6 27.7£12.4 254 55.2
BBzP 0.02-0.22 0.05+0.04 0.04 0.17 0.38-4.2 1.9+0.97 1.6 4.0
DEHP 1.5-6.1 2.7+1.2 25 5.9 7.3-82.3 19.6+£14.1 16.6 65.3
DiNP 0.02-0.37  0.16+0.09 0.12 0.36 0.02-0.37 0.16+0.09 0.12 0.36
DiDP 0.03-0.44 0.13+0.12 0.09 0.41 0.03-0.44 0.13+0.12 0.09 0.41
Sum 2.5-10.1 5.1£2.3 4.2 10.1 24.3-155 53.7£27.4 48.5 133

Abbreviations: max, maximum; Phth, phthalate; P95, 95" percentile; SD, standard derivation.

From 29 participants, 24h-recalls from three consecutive days were available for the
estimation of mean food intake. 25 children from the Children | group provided FFQs
with at least no more than five missing items and available bodyweights. Several

calculated phthalate intakes through various food types are shown in Table 123.

Children 1l

For the determination of mean amounts of food intake for performing SEC, the study
population group of Children Il was divided into two age groups, because of

presumably differing amounts of food intake: children aged 7-11 years (n=129) and
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children aged 12-15 years (n=82), whereof 128 participants from the age group 7-11,
and 78 participants from the age group 12-15 provided complete 24h-recalls for three
consecutive days, which were then used for estimation of mean intake of various food
types. For SEC, all samples of the Children Il group were investigated. 205 children
provided documentation of bodyweight and no more than five missing items in their
FFQs. Table 124 shows the calculated phthalate intakes through food:

Table 124. Calculated phthalate intake [ug/kg bw/d] through various foodstuffs in the group of
Children Il (age 7-15) (n=205)

I[JL\l/sllld(]g Phth mean Phth max
range mean+SD  median P95 range mean+SD median P95
DMP 0.001-7.5 0.63+0.91 0.28 25 0.01-20.5 1.9+25 0.9 6.9
DEP 0.006- 0.08+0.09 0.05 0.26 0.03-1.6 0.28+0.26 0.22 0.69
0.57
DiBP 0.03-2.0 0.40+0.36 0.28 11 0.07-10.8 1.4+1.4 1.0 4.3
DnBP 0.03-4.3 0.62+0.61 0.45 2.0 0.94-139 24.0£23.8 16.1 78.5
BBzP 0.0-0.39 0.03+0.06 0.02 0.12 0.04-8.3 1.4+1.4 0.91 4.3
DEHP 0.18-16.1 2.2+2.4 14 7.5 0.72-118 15.5+15.6 11.3 37.8
DiNP 0.0-0.45 0.7+0.08 0.04 0.25 0.0-0.45 0.7+0.08 0.04 0.25
DiDP 0.002- 0.09+0.12 0.05 0.27 | 0.002-0.91 0.09+0.12 0.05 0.27
0.91
Sum 0.33-27.0 4.1+4.1 2.9 12.3 2.2-281 45.0+42.0 32.3 133

Abbreviations: max, maximum; Phth, phthalate; P95, 95" percentile; SD, standard derivation.

Adults

Table 125. Calculated phthalate intake [pg/kg bw/d] through various foodstuffs in the group of
Adults (n=296)

[Ha/kg Phth mean Phth max

bw/d]
range meantSD median P95 range mean=SD median P95

DMP 0.0-1.6 0.16+0.23 0.07 0.58 0.01-4.5 0.46+0.63 0.24 1.6

DEP 0.003- 0.03+0.02 0.03 0.06 0.01-0.68 0.10+0.06 0.09 0.23
0.36

DiBP 0.05-1.4 0.29+0.16 0.26 0.58 0.17-6.3 0.82+0.52 0.71 15

DnBP 0.08-2.7 0.38+0.23 0.33 0.74 0.86-100 12.1+9.2 9.5 28.6

BBzP 0.003- 0.02+0.02 0.02 0.04 0.07-5.1 0.81+0.61 0.61 2.0
0.32

DEHP 0.26-10.6 1.240.77 1.1 2.1 1.7-51.4 8.715.2 7.5 16.8

DiNP 0.001- 0.02+0.01 0.01 0.03 | 0.001-0.07 0.02+0.01 0.01 0.03
0.07

DiDP 0.001- 0.04+0.04 0.02 0.12 | 0.001-0.32 0.04+0.04 0.02 0.12
0.32

Sum 0.46-15.9 2.1+1.2 1.9 3.9 3.0-157 23.0+15.0 19.5 475

Abbreviations: max, maximum; Phth, phthalate; P95, 95" percentile; SD, standard derivation.
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Among the group of Adults, 270 participants provided 24h-recalls for two non-
consecutive days, while five participants provided only one single day. The time span
between the first and the second surveyed day was between 6 and 46 days (18+7
days). 296 adults provided no more than five missing items in their FFQs as well as
available bodyweights, and were used for SEC (results are shown in Table 125). For
comparisons with creatinine-adjusted DIs, 257 adults were investigated who provided

all necessary parameters.

Elderly People

59 participants from the group of Elderly People provided FFQs with no more than five
missing items. 24h-recalls were surveyed on two non-consecutive days, whereby the

time span between surveyed days was 6 to 53 days (1817 days).

Table 126. Calculated phthalate intake [pg/kg bw/d] through various foodstuffs in the group of
Elderly People (n=59)

[Hg/kg Phth mean Phth ma

bw/d] X
range mean+SD median P95 range mean+SD median P95

DMP 0.001- 0.05+0.07 0.02 0.22 0.01-0.79 0.16+0.19 0.09 0.63
0.28

DEP 0.001- 0.03+0.02 0.03 0.08 0.01-0.22 0.08+0.04 0.07 0.16
0.12

DiBP 0.08-0.8 0.3+0.14 0.27 0.55 0.22-1.9 0.72+0.34 0.72 15

DnBP 0.08-0.85 0.27+0.14 0.23 0.58 0.64-31.3 9.846.3 8.9 22.8

BBzP 0.001- 0.02+0.02 0.01 0.07 0.03-2.5 0.75+0.51 0.59 1.9
0.10

DEHP 0.25-3.2 0.96+0.54 0.78 2.3 1.9-34.6 8.4+5.3 7.2 17.3

DiNP 0.002- 0.01+0.008 0.01 0.03 | 0.002-0.04  0.01+0.008 0.01 0.03
0.04

DiDP 0.0-0.18 0.02+0.03 0.01 0.51 0.0-0.18 0.02+0.03 0.01 0.51

Sum 0.43-5.3 1.7+£0.82 15 3.4 3.0-62.1 19.9+£11.5 18.6 50.9

Abbreviations: max, maximum; Phth, phthalate; P95, 95" percentile; SD, standard derivation.

3.3.6.1.2 Differences between population groups, and comparison with acceptable

levels of exposure

Differences between population groups were identified. Additionally, calculated
phthalate intakes were compared with acceptable exposure levels (ALs) in order to
identify possible exceedances, similar to investigations of daily intakes (cf. Chapter

3.1.5). ALs for selected phthalates can be found in Table 8. In the following, results for
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calculations with maximum and mean levels of phthalates in various foodstuffs will be

discussed.

DMP (Dimethyl phthalate)

Between the different study population groups (Children I, Children II, Adults and
Elderly People), significant differences for DMP (for both maximum and mean exposure
levels in food) existed (Kruskal-Wallis test; p=0.000). Median DMP intakes per day
decreased with increasing age between the Children | group (1.4 pg/kg bw/d
(maximum exposure levels) and 0.27 pg/kg bw/d (mean exposure levels)) and the
group of Elderly People (0.09 pg/kg bw/d (maximum exposure levels) and 0.02 pg/kg
bw/d (mean exposure levels)) in relation to maximum and mean exposure levels in
food. P95 values of the Children | and the Children Il group were similar and also
decreased with age. Maximum DMP exposures differed notably between both groups
of children, whereas children from the Children Il group showed a higher exposure than
children from the Children | group (based on maximum exposure levels in food: 7.1 and
20.5 pg/kg bw/d; based on mean exposure levels in food: 2.3 and 7.5 ug/kg bw/d). In
summary, children show higher DMP exposures per kg of bodyweight per day
compared to adults and elderly people (Figure 129). For DMP, no acceptable exposure

levels exist.
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Figure 129. Distributions of estimated DMP intakes [ug/kg bw/d] performed by Scenario Exposure
Calculation based on maximum and mean exposure levels in food in the groups of Children |
(n=25), Children Il (n=205), Adults (n=296) and Elderly People (n=59)
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DEP (Diethyl phthalate)

Calculated DEP intakes are shown in Figure 130. The median DEP intakes per day
decreased with increasing age, whereby levels in the groups Adults and Elderly People
are very similar (decrease from 0.07 pg/kg bw/d in the Children | group to 0.03 pg/kg
bw/d in the group of Adults and Elderly People based on mean exposure levels in food,
and from 0.31 g/kg bw/d in the Children | group to 0.07 pg/kg bw/d in the group of
Elderly People based on maximum exposure levels in food). For the 95" percentiles of
DEP intakes based on calculation with maximum exposure levels in food, a decrease
was also identified with increasing age from 0.79 pg/kg bw/d in the Children | group to
0.16 pg/kg bw/d in the group of Elderly People. For intakes based on mean exposure
levels in food, no decreases were identified, but children showed slightly higher
exposures than adults and elderly people. Generally, calculated DEP exposure levels
were low. Similar to findings in DMP, participants from the Children Il group showed
higher maximum DEP intakes per day compared to participants from the Children |
group (based on maximum exposure levels in food: 0.82 g/kg bw/d (Children 1) and 1.6
png/kg bw/d (Children 11); based on mean exposure levels in food: 0.16 g/kg bw/d
(Children 1) and 0.57 pg/kg bw/d (Children 11)), as well as compared to the groups of
Adults and Elderly People. Differences between the population groups were statistically
significant (Kruskal-Wallis test; p=0.000).

The RfD of DEP set out by the U.S. EPA is 800 pg/kg bw/d. The calculated exposures
were very low compared to this acceptable exposure level. Therefore, no exceedances
for DEP exist.
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Figure 130. Distributions of estimated DEP intakes [ug/kg bw/d] performed by Scenario Exposure
Calculation based maximum and mean exposure levels in food in the groups of Children | (n=25),
Children Il (n=205), Adults (n=296) and Elderly People (n=59)



247

DiBP (Di-isobutyl phthalate)

Statistically significant differences existed between all population groups for DIBP
(Kruskal-Wallis test; p=0.000). In the groups of Adults and Elderly People, P95 and
median DIiBP levels were similar. As shown in Figure 131, decreases of these levels
were observed in line with an increasing age. A decrease of maximum DIiBP intakes
with age was also identified when comparing the groups of Children 1l (10.8 pg/kg bw/d
(based on maximum exposure levels) and 2.0 pg/kg bw/d (based on mean exposure
levels based), respectively), Adults (6.3 and 1.4 pg/kg bw/d, respectively) and Elderly
People (1.9 and 0.8 pg/kg bw/d, respectively). In the group of Children II, higher
maximum intakes were observed compared to the Children | group, especially for

levels calculated based on maximum exposure levels in food.

The EFSA did not set out a TDI for DiBP, but for DnBP (10 pg/kg bw/d), which is used
as TDI for DiBP. An exceedance of the TDI existed for the maximum DiBP intake value
of 10.8 pg/kg bw/d in one child (4.0%) of the group of the Children Il based on

calculation with maximum exposure levels in food.
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Figure 131. Distributions of estimated DiBP intakes [ug/kg bw/d] performed by Scenario Exposure
Calculation based on maximum and mean exposure levels in food in the groups of Children |
(n=25), Children Il (n=205), Adults (n=296) and Elderly People (n=59)

DnBP (Di-n-butyl phthalate)

Median DnBP intakes per bodyweight per day decreased with increasing age (Figure
132). Consistent results were found for the 95" percentiles, but only for intakes
estimated based on mean exposure levels in food. In relation to maximum values (for

both intakes based on maximum and mean exposure levels) and P95 values (based on
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maximum exposure levels), participants from the Children | group showed lower DnBP
intakes per bodyweight compared to the Children Il group. Differences between
population groups were statistically significant with p=0.000.

The RfD and RfD AA for DnBP were both 100 pg/kg bw/d and the TDI was 10 pg/kg
bw/d. TDI exceedances of DnBP intake based on calculations with maximum exposure
levels in food existed among all population groups, and took account of the median
value (25.4 pg/kg bw/d), the P95 value (55.2 pg/kg bw/d) and the maximum value (56.6
pg/kg bw/d) of DnBP intake among the group of Children I, the median value (16.1
po/kg bw/d), the P95 value (78.5) and the maximum value (139 pg/kg bw/d) in 150
participants (73.2%) in the group of Children Il, the P95 value (28.5 pg/kg bw/d) and
the maximum value (100 pg/kg bw/d) in the group of Adults, as well as the 95P value
(22.8 pg/kg bw/d) and the maximum value (31.3 pg/kg bw/d) in the group of Elderly
People (25 exceedances of maximums (42.3%)). Although the RfD and the RfD AA are
10 times higher than the TDI, exceedances also existed for the maximum DnBP intake
in two children (0.98%) from the group of Children II, and in one participant from the
Adult group (0.34%). Estimated DnBP intakes based on mean exposure levels in food

did not exceed any acceptable exposure level.
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Figure 132. Distributions of estimated DnBP intakes [pug/kg bw/d] performed by Scenario Exposure
Calculation based on maximum and mean exposure levels in food in the groups of Children |
(n=25), Children Il (n=205), Adults (n=296) and Elderly People (n=59)

BBzP (Butyl benzyl phthalate)

Median BBzP intakes per day also increased with increasing age (see Figure 133 and

Figure 134). However, median intakes were generally low and therefore relatively
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similar. Also, declines in the 95" percentiles of BBzP intake existed, but based on
estimations with mean exposure levels in food, slightly higher intakes were calculated
for elderly people (0.07 pg/kg bw/d) compared to younger adults (0.04 pg/kg bw/d).
Additionally, based on estimations with maximum exposure levels in food, the 95™
percentile of BBzP intake in the group of Children I (4.0 pg/kg bw/d) was slightly lower
than in the Children Il group (4.3 pg/kg bw/d). Maximum BBzP intakes declined with
age from the group of Children Il to the group of Elderly People. Participants from the
Children | group showed lower maximum calculated intakes than participants from the
groups of Children Il and Adults. Differences between study population groups were

statistically significant (p=0.000).

No exceedances of any investigated acceptable exposure level were identified.
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Figure 133. Distributions of estimated BBzP intakes [ug/kg bw/d] performed by Scenario Exposure
Calculation based on maximum and mean exposure levels in food in the groups of Children |
(n=25), Children Il (n=205), Adults (n=296) and Elderly People (n=59)

A more detailed graphic presentation of estimated BBzP intakes based on mean

exposure levels is illustrated in Figure 134:
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Figure 134. Distributions of estimated BBzP intake s[ug/kg bw/d] performed by Scenario Exposure
Calculation based on mean exposure levels in food in the groups of Children | (n=25), Children I
(n=205), Adults (h=296) and Elderly People (n=59)

DEHP (Di-2-ethylhexyl phthalate)

Figure 135 shows the estimated DEHP intakes per bodyweight per day based on
calculations with maximum and mean exposure levels in food, respectively. Between
the different study population groups, statistically significant differences existed
(Kruskal-Wallis test; p=0.000). Based on calculations with maximum exposure levels in
food, medians and 95" percentiles of DEHP intakes decreased with increasing age.
However, 95" percentiles of DEHP intake in the group of Elderly People (17.3 pg/kg
bw/d) were slightly higher than in the group of Adults (16.8 pg/kg bwi/d). Estimated
maximum DEHP intakes in the Children | group (82.3 ug/kg bw/d) were lower
compared to the Children Il group (118 pg/kg bw/d), but a decline with age existed
among both children and elderly people. Based on calculations with minimum exposure
levels, median DEHP intake also decreased with age. 95" percentiles decreased with
increasing age from 7.5 pg/kg bw/d in the group of Children Il, and 2.3 pg/kg bw/d in
the group of Elderly People. However, children from the Children | group showed lower
DEHP intakes (5.9 pg/kg bw/d) compared to children from the Children II group.
Findings were similar for maximum DEHP intake, which amounted to 6.1 pg/kg bw/d in
the Children | group, 16.1 pg/kg bw/d in the Children Il group, 10.6 pug/kg bw/d in the
group of Adults and 3.2 pg/kg bw/d in the group of Elderly People.

The TDI for DEHP was set at 50 pg/kg bw/d, the RfD at 20 g/kg bw/d and the RfD AA
at 30 pug/kg bw/d. Exceedances of these ALs existed for intakes based on calculations
with maximum levels in food, but not for intakes based on mean levels. In both groups
of children, the 95" percentile and maximum values of DEHP intake, as well as the

maximum intakes in adults, exceeded all investigated ALs. In elderly people,
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exceedances of RfD and RfD AA existed for maximum DEHP intake. Detailed
frequencies and percentages of exceedances of ALs for maximum levels are shown in
Table 127:

Table 127. Amount (percentage) of exceedances of TDI, RfD and RfD AA of maximum DEHP intake
based on maximum exposure levels in food for the groups of Children I (n=25), Children Il (n=205),
Adults (n=296) and Elderly People (n=59)

TDI RfD RfD AA
(50 pg/kg bw/d) (20 pg/kg bw/d) (30 pgrkg bwid)
Children | 1 (4.0%) 8 (32.0%) 2 (8.0%)
Children I 6 (2.9%) 48 (23.4%) 19 (9.3%)
Adults 1 (0.34%) 7 (2.4%) 3 (1.0%)
Elderly People 0 (0%) 2 (3.4%) 1(1.7%)
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Figure 135. Distributions of estimated DEHP intakes [ug/kg bw/d] performed by Scenario Exposure
Calculation based on maximum and mean exposure levels in food in the groups of Children |
(n=25), Children Il (n=205), Adults (n=296) and Elderly People (n=59)

DiNP (Di-isononyl phthalate)

As discussed above, DIiNP levels in food were not available for 20% of all food types.
Therefore, DINP intakes were already underestimated. Figure 136 shows estimated
DINP intake based on scenario exposure calculations with mean and maximum
exposure levels, respectively, which were equal in the case of DiNP. The calculated
exposures were low. Median and 95" percentile levels decreased with increasing age,
similar to findings from other phthalates. Maximum DINP levels also decreased with
increasing age, except for participants from the Children | group, which showed lower

levels than the older participants from the Children Il group.
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Neither the TDI of 150 pg/kg bw/d, nor the RfD AA of 1500 pg/kg bw/d were exceeded
by any participant.
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Figure 136. Distribution of estimated DiNP intakes [ug/kg bw/d] performed by Scenario Exposure
Calculation based on mean/maximum exposure levels in food in the groups of Children | (n=25),
Children Il (n=205), Adults (n=296) and Elderly People (n=59)

DiDP (Di-isodecyl phthalate)

For DIiDP, levels in food provided from literature were only available for a few food
types (meat, poultry, eggs, butter/oil and fruit/vegetable juices). Therefore, calculated
DIiDP intakes were underestimated and inaccurate. Medians, 95" percentiles and
maximum levels of estimated DiDP intake per bodyweight per day for children, adults

and elderly people are shown in Figure 137 for the sake of completeness.
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Figure 137. Distribution of estimated DiDP intakes [pg/kg bw/d] performed by Scenario Exposure
Calculation based on mean/maximum exposure levels in food in the groups of Children | (n=25),
Children Il (n=205), Adults (n=296) and Elderly People (n=59)

Sum of phthalates

The sum of all investigated phthalates (DMP, DEP, DiBP, DnBP, BBzP, DEHP, DiNP
and DiDP) was estimated for all study population groups based on mean and maximum

exposure levels in food, respectively. Phthalate intakes based on mean exposure
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levels were a multitude lower compared to intakes based on maximum exposure levels
(Figure 138). Figure 139 shows the phthalate intakes per bodyweight per day based on
calculation with mean exposure levels in food. Medians increased with decreasing age
from 48.5 pg/kg bw/d in the group of Children | to 18.6 pg/kg bw/d in the group of
Elderly People, as similarly shown in individual phthalates above. 95" percentiles of
phthalate intake were similar in both groups of children (133 pg/kg bw/d), and also
decreased with increasing age, whereby elderly people (50.9 ug/kg bw/d) showed
slightly higher levels than younger adults (47.5 pg/kg bwi/d). Participants from the
Children 1l group showed the highest maximum phthalate intake of 281 pg/kg bw/d
compared to other study population groups. There was also a decline in phthalate
intake with age, although children from the Children | group showed lower maximum
levels than participants from the Children Il and the Adults group. Based on mean
exposure levels, the distributions of phthalate intakes were similar to those discussed
above. However, median phthalate levels were higher in elderly people compared to
younger adults and children from the Children Il group. The highest maximum intakes
existed among the group of Children Il (27.0 pug/kg bw/d). Compared with results of
calculation based on maximum exposure levels in food, the maximum level of phthalate

intake was about 10 times lower.
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Figure 138. Distribution of estimated phthalate intakes (£ of DMP, DEP, DiBP, DnBP, BBzP, DEHP,
DiNP and DiDP) [ug/kg bw/d] performed by Scenario Exposure Calculation based on maximum and
mean exposure levels in food in the groups of Children | (n=25), Children Il (n=205), Adults (h=296)
and Elderly People (n=59)
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Detailed graphical presentation of estimated daily total phthalate intake based on
calculations with mean exposure levels in food in children, adults and elderly people
can be found in Figure 139:
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Figure 139. Distribution of estimated phthalate intakes (£ of DMP, DEP, DiBP, DnBP, BBzP, DEHP,
DINP and DiDP) [pg/kg bw/d] performed by Scenario Exposure Calculation based on mean
exposure levels in food in the groups of Children | (n=25), Children Il (n=205), Adults (n=296) and
Elderly People (n=59)

3.3.6.1.3 Hazard Index

As discussed in Chapter 3.1.6, the Hazard Index (HI) is used for cumulative risk
assessment. The HI calculation procedure is described in the named chapter.

Exceedances of the value 1 indicate the existence of cause for concern.

Table 128 shows estimated Hls based on TDI, RfD and RfD AA for children, adults and
elderly people based on calculated daily phthalate intake levels (mean and maximum
exposure levels in food, respectively). By the use of maximum phthalate levels in
various foodstuffs provided from the literature, different numbers of exceedances of
investigated ALs existed, especially among children and for the TDI, where among the
group of Children | (n=26) 100% of all calculated Hls exceeded the TDI. In contrast, for
Hls based on calculations with mean exposure levels in food, no exceedances were
observed. Compared with HIs derived from the daily phthalate intake from analysed
urinary phthalate metabolites (which can be found in Table 73), Hls derived from SEC
differed substantially, except for His based on RfD and RfD AA among the groups

Children 1l and Adults based on mean exposure levels in food, which were similar.
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Table 128. Hazard Indices (HIs) for Austrian children, adults and elderly people derived from
Scenario exposure calculations based on mean and maximum phthalate exposure levels in food,

respectively

Children | (n=25)  Children Il (n=205) Adults (n=296) Elderly (n=59)
range (median; range (median; range (median; range (median;
P95) P95) P95) P95)
Based on maximum exposure levels in food
HI (TDIY* 1.4-7.7 (3.0; 7.2) 0.12-16.7 (1.9; 9.3) 0.15-11.5 (1.2; 3.4) 0.13-3.9 (1.1, 2.7)
n>1 [%] 100 80.5 64.2 59.3
HI (RfD)? 0.49-4.7 (1.1; 3.8) 0.05-7.4 (0.74; 2.9) 0.1-3.3 (0.48; 1.1) 0.11-1.9 (0.48; 1.2)
n>1 [%] 57.7 36.1 7.1 5.1
HI (RfD AA)® 0.36-3.3 (0.84; 2.7) 0.04-5.3(0.55;2.2)  0.07-2.5(0.35;0.82)  0.07-1.3 (0.35; 0.89)
n>1 [%] 26.9 22.0 2.4 3.4
Based on mean exposure levels in food
HI (TDIY* 0.11-0.52 (0.16; 0.47)  0.01-0.96 (0.10; 0.47) 0.02-0.62 (0.08; 0.02-0.23 (0.07;
0.18) 0.13)
n>1 [%] 0 0 0 0
HI (RfD)? 0.08-0.34 (0.13; 0.33)  0.01-0.87 (0.08; 0.41) 0.01-0.57 (0.06; 0.01-0.18 (0.05;
0.12) 0.12)
n>1 [%] 0 0 0 0
HI (RfD AA)® 0.06-0.23 (0.09; 0.22)  0.01-0.59 (0.05; 0.28) 0.01-0.39 (0.04; 0.01-0.12 (0.03;
0.08) 0.08)
n>1 [%] 0 0 0 0

Abbreviations: HI, Hazard Index; n, sample size; P95, 95" percentile; RfD, Reference Dose; RfD AA, Reference Dose for Anti-
Androgenicity; TDI, Tolerable Daily Intake.

! based on DEHP, DnBP, DiBP, BBzP and DiNP.
2 pased on DEHP, DEP, DnBP, DiBP and BBzP.
% based on DEHP, DnBP, DiBP, BBzP and DiNP.

3.3.6.1.4 Comparison of daily intakes

The comparison of DIs based on measured urinary phthalate metabolites and phthalate
intake based on calculated scenario exposure could potentially be subject to
uncertainties and limitations. Detailed information on individually consumed food in
relation to time of urine sample collection was not available. Additionally, comparisons
between DlIs and 24h-recalls could not be performed, because urine samples were
collected before the respective 24h-recalls were provided. Therefore, it was not
possible to associate food intake and phthalate metabolite excretion. Nevertheless,

comparisons were made, but should be regarded with some suspicion.

The comparison of the creatinine-based DIs of DEHP, DEP, DiBP, DnBP and BBzP
[Mo/kg bw/d] with calculated scenario exposures [ug/kg bw/d] of the total study
population (n=545) produced several statistically significant correlations, which are
listed in Table 129.
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Table 129. Correlations (Spearman’s correlation) between creatinine-based daily intakes (DIs) of
DEHP, DEP, DiBP, DnBP and BBzP [ug/kg bw/d] and corresponding exposure levels [ug/kg bw/d]
estimated by scenario exposure calculations (SEC) among the total study population (age 7-81;
n=545)

Creatinine-based DI
DEHP! DEP DiBP DnBP BBzP

DEHP' max | 0.321*

DEHP' mean | 0.255*

DEP max -0.123**

DEP mean -0.091**

DiBP max 0.106*

DiBP mean 0.112**

DnBP max No correlation

DnBP mean No correlation

BBzP max 0.125**
BBzP mean 0.095*

DIl estimated from SEC

(based on maximum and
mean exposure levels in food)

* Correlation is significant at 0.01 level.
** Correlation is significant at 0.05 level.
! Creatinine-based daily DEHP intake was calculated using Fues derived from Koch et al. (2005).

Performing Spearman’s correlation for each study population group separately
revealed a statistically significant correlation (r=0.155; p=0.05) between calculated
DEHP intakes via foodstuffs and creatinine-based daily DEHP intake in the group of
Children Il (n=205). No correlations were found between calculated daily intakes via
food and creatinine-based DI for all investigated phthalates among the group of
Children I (n=25), nor in the groups of Adults (n=257) or Elderly People (n=58). It must
be noted, however, that the sample size of the group of Children | was small.

3.3.6.2 Bisphenol A

3.3.6.2.1 Calculated intake through various foodstuffs

The SEC for BPA was performed similar to calculations for phthalates.

Table 130. Calculated BPA intake [pg/kg bw/d] through various foodstuffs in the groups of Children
| (age 6-8) (n=26), Children Il (age 7-15) (n=210), Adults (age 18-65) (n=296) and Elderly People (age
64-81) (n=59)

[ng/kg bw/d] BPA mean BPA max
range mean+SD median P95 range mean+SD median P95
Children | 0.03-2.8 0.62+0.69 0.44 25 0.14- 1.6£2.2 0.96 8.9
11.8
Children 11 0.001- 0.47+0.74 0.25 1.9 0.04- 1.4+£1.7 0.86 4.9
6.0 11.3
Adults 0.001- 0.18+0.26 0.09 0.71 0.09-3.5 0.79+0.55 0.64 2.0
21
Elderly People 0.002- 0.07+£0.14 0.01 0.31 0.18-2.7 0.63+0.45 0.54 1.6
0.9

Abbreviations: BPA, Bisphenol A; max, maximum; P95, 95" percentile; SD, standard derivation.
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Table 130 provides estimated BPA intakes for all study population groups based on

mean and maximum exposure levels in foods, respectively.

3.3.6.2.2 Differences between study population groups and comparison with
acceptable levels of exposure

Statistically significant differences were identified between the different study
population groups (Children I, Children 1l, Adults and Elderly People) for BPA intake
per day based on maximum and mean exposure levels in food (Kruskal-Wallis test;
p=0.000). Distributions of medians, 95" percentiles and maximum values are shown in
Figure 140 (based on maximum levels) and Figure 141 (based on mean levels). BPA
intakes decreased with increasing age. The TDI set out by the EFSA, which was valid
until 2013, as well as the RfD set out by the U.S. EPA of 50 pg/kg bw/d were not
exceeded by any participant. The new temporary TDI set out by EFSA in 2014 of 5
po/kg bw/d was exceeded in several cases, especially for BPA intakes based on
maximum exposure levels: among the group of Children I, one sample (11.8 pg/kg
bw/d) and among the group of Children Il, 13 samples (6%) based on maximum
exposure levels exceeded the temporary TDI. Based on calculations with mean

exposure levels, one child from the group of Children Il exceeded the temporary TDI.

Daily BPA intakes (SEC) - maximum exposure levels
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Figure 140. Distribution of estimated BPA intake [pug/kg bw/d] performed by Scenario Exposure
Calculation based on maximum exposure levels in foodstuffs in the groups of Children | aged 6-8
(n=26), Children Il aged 7-15 (n=210), Adults aged 18-65 (n=296) and Elderly People aged 64-81
(n=59)
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Daily BPA intakes (SEC) - mean exposure levels
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Figure 141. Distribution of estimated BPA intake [ug/kg bw/d] performed by Scenario Exposure
Calculation based on mean exposure levels in foodstuffs in the groups of Children | aged 6-8
(n=26), Children Il aged 7-15 (n=210), Adults aged 18-65 (n=296) and Elderly People aged 64-81
(n=59)

3.3.6.2.3 Comparison with daily intakes

As similarly discussed regarding phthalates (cf. Chapter 3.3.6.1.4), the comparison of
Dls based on urinary BPA concentrations and daily BPA intake based on SEC could be
subject to limitations and uncertainties. However, a statistically significant negative
correlation was found between the daily BPA intake derived from SEC based on
maximum exposure levels in food and the creatinine-based daily BPA intake derived
from wurinary concentrations among the group of Adults (n=262) (Spearman’s
correlation, r=-0.132, p=0.05). Although a significant correlation existed, it was only
observed in one study population group and was a negative correlation. Thus, there is
a discrepancy between daily intakes derived from BPA concentrations measured in
urine samples and daily intakes derived from theoretical estimation by performing a
SEC.

3.3.7 Uncertainties and limitations

The calculation of scenario exposures to phthalates and BPA via foodstuffs is a
theoretical estimation of possible or probable intake. Thus, no exact calculation can be
made and uncertainties may occur. In the following, potential sources of uncertainty will

be discussed in brief.

Data collection

Data on food intake was collected from participants via 24h-recalls and FFQs.

Information was provided by self-reporting of the participants, which have led to over-
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or under-reporting. Additionally, portion sizes stated at 24h-recalls may be vague or
entries have been neglected. In FFQs, consumed food may be misremembered, and
items may be missing because of information not provided by the participants.
Therefore, all participants who provided more than five missing items in their FFQ have
been excluded from calculations. Additionally, surveyed food types are not complete,
e.g. milk products were not included.

Phthalate and BPA levels in food

Phthalate and BPA concentrations found in different foodstuffs were provided from a

multitude of scientific studies. Uncertainties may exist because:

- in many studies, only small sample sizes were investigated,

- data were collected from studies all over the world, whereby source,
processing, etc. of foodstuff may differ between the countries,

- it is not possible to consider different legislations, as well as the use of
phthalates and BPA in different countries, which may influence concentrations
in food,

- some studies were performed vyears ago; therefore differences in
concentrations compared with the latest results may exist,

- studies were available for most but not for all derived food types®’, and

- the decision of data’s use for calculation was based on the following
considerations: data from Austria, Germany or other EU states as well as latest

publications were preferred.

Amounts of food consumption

Amounts of consumed food were estimated for all study population groups based on
the information provided from the 24h-recalls. Compositions of complete meals were

not considered.

" No phthalate levels were available for white bread, wholemeal bread, compote/fruit pulp, legumes,
French fries and juices in TetraPak; however, data from similar food types were used in these cases. No
data nor alternative data were available for microwave popcorn or beverages in plastic cups, which were
not considered for further calculation. For DIiNP, levels in food were missing in 20% of food types
(excluding the food types named above), and for DiDP, levels were only available for meat, poultry, eggs,
butter/oil and fruit/vegetable juices. BPA levels in food were not available for wholemeal bread and
compote/fruit pulp, for which data from similar food types were instead used as alternative. Beverages in
plastic cups for take-away were not considered for further calculation because of missing data and no

available alternative data.
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Absorption rates

Absorption rates of 100% has been assumed.

3.3.8 Discussion

Scenario exposure calculations (SEC) were performed for several phthalates as well as
for BPA to estimate the theoretical uptake of these substances through food. Oral
exposure via foodstuffs is the major exposure route for phthalates and BPA, in addition
to exposure through dermal contact and inhalation. For calculations, reported
frequency of intakes of various food types of the participants from their individual Food
Frequency Questionnaire (FFQ), and maximum and mean exposure levels in food
provided from a multitude of scientific studies and reports were used. Although it has
been assumed that the use of maximum exposure levels in food would be not
plausible, it was performed in order to constitute a maximum exposure scenario to
identify if such a high exposure would result in the existence of cause of concern. SEC
is theoretical calculation and therefore uncertainties and limitations exist which may
lead to under- or overestimations, e.g. because of self-reported food intake by the
participants, subjective decisions for the use of exposure levels in food, the non-
consideration of complete meals in the uptake, or the partial lack of available data.
However, it was attempted to perform an accurate investigation of phthalate and BPA
intake via food, to identify differences between study population groups and to compare

estimated results with daily intakes derived from analysed urinary metabolites.

Phthalates

Among the group of phthalates, DMP, DEP, DiBP, DnBP, BBzP, DEHP, DiNP, DiDP,
as well as their sum were investigated based on maximum and mean exposure levels
in food, respectively. Differences between the study population groups of Children |
(n=25), Children Il (n=205), Adults (n=296) and Elderly People (n=59) were statistically
significant at a significance level of 0.05 (Kruskal-Wallis tests). For the investigated
phthalates®, median and 95" percentile levels [ug/kg bw/d] decreased with increasing
age. These results support findings from other studies, which showed that children are
more exposed than adults. Additionally, the results match with urinary phthalate

metabolite concentrations analysed in this study, where decreases in exposure with

'8 For DINP, results have to be considered carefully, because exposure levels in food were only available
for 20% of all food types. For DiDP, only few data on exposure levels in food were available, therefore no

conclusions were able to be made.
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increasing age were also found, except for DEP. Measured urinary MEP
concentrations increased with increasing age, which was contrary to results derived
from SEC in relation to its parent compound. One explanation for this (by ignoring
possible deviance between calculated intakes and factual intakes could be that
exposure of DEP via dermal contact and inhalation are also important routes, because
DEP is widely used in cosmetics, personal care products, perfumes, textile dyes,
modelling clay, or polish and wax blends, whereby cosmetics, for example are mainly
used by adults and not by children. A decline with increasing age also existed for the
sum of all investigated phthalates. Nevertheless, differences in sample sizes among

the four study population groups must be considered.

Daily intakes derived from SEC were compared to several acceptable exposure levels
(ALs): the Tolerable Daily Intake (TDI) set out by the EFSA, and the Reference Dose
(RfD) set out by the U.S. EPA and the Reference Dose for Anti-Androgenicity (RfD AA)
established by Kortenkamp and Faust (2010). For all investigated phthalates based on
calculations with mean exposure levels in food, no exceedances of any of named ALs
were observed. Based on calculations with maximum exposure levels in food, several
exceedances were identified for DiBP, DnBP and DEHP*®. Similar to SEC, identified
exceedances of ALs by creatinine-based Dls derived from analysed phthalate
metabolite concentrations in urine were in regards to DiBP, DnBP and DEHP.
However, percentages of exceedances of both SEC and Dls were different and thus

difficult to compare.

For cumulative risk assessment, Hazard Indices (HIs) were calculated based on TDI,
RfD and RfD AA. A HI above 1 indicates the cause for concern. Based on mean
exposure levels in food, there were no His above the upper limit identified, whereas

based on maximum exposure levels in food a high number of HI exceedances was

¥ For DIBP, one participant (4%) of the group of Children Il exceeded the TDI of 10 pg/kg bwi/d.
Exceedances of the RfD and the RfD AA (both set out at 100 pg/kg bw/d) were identified in two children
from the Children Il group (<1%) and in one adult (<0.5%), and exceedances of the TDI (10 pg/kg bw/d) for
all participants from the group of Children I (100%), 150 participants from the group of Children Il (~73%),
136 participants from the group of Adults (~46%) and 25 participants from the group of Elderly People
(~42%). One participant of the group of Children | (4%), six participants of the group of Children Il (~3%)
and one participant of the group of Adults (<0.5%) exceeded the TDI for DEHP (set out at 50 pg/kg bw/d).
The RFD of DEHP (20 ug/kg bw/d) was exceeded by eight children from the Children | group (32%), by 48
children of the Children Il group (~23%), by seven participants from the Adults group (~2%) and by two
participants from the group of Elderly People (~3%). The RfD AA (30 pg/kg bw/d) was exceeded by two
children from the group Children | (8%), by 19 children from the group Children Il (~9%), by three
participants from the group of Adults (1%) and by one elderly person (~2%).
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observed, which decreased with increasing age. Compared with Hls derived from daily
intakes from analysed phthalate metabolite concentrations in the urine of the study
population, the number of HI values above 1 was considerably higher for SEC results.
Similar to investigations of exceeded ALs, Hls were difficult to compare.

Nevertheless, possible statistical correlations between daily phthalate intakes
calculated from SEC, and creatinine-based DIs calculated from measured urinary
phthalate metabolites were investigated by performing Spearman correlations.
Statistically significant positive correlations were found among the total study
population (n=595) mostly at a significance level of 0.01 for DEHP, DiBP and BBzP. No
correlation was found for DnBP. For DEP, a statistically significant negative correlation
was identified, which supports the assumption that the main routes of exposure are
through dermal contact and inhalation, as discussed above.

The use of maximum exposure levels derived from several studies investigating
phthalate content in various foodstuffs for SEC lead to a high theoretical oral phthalate
exposure and resulted in the existence of cause of concern. Calculations based on
mean exposure levels in food resulted in a relatively low exposure to phthalates, and
lead to the presumption that the exposure via food at these exposure levels would be
safe. However, it must be considered that SECs are theoretical estimations with
existing uncertainties and limitations, and that the oral route of exposure contains more
than exposure via foodstuffs (e.g. exposure via pharmaceuticals), as well as that
dermal contact and inhalation also play a role in exposure. Although there are
difficulties in the comparison of results of SEC and results of analysed urinary phthalate
metabolite concentrations?, similar trends were shown: the decline of exposure levels
and Hls in the participants with increasing age for almost all investigated phthalates,
exceedances of ALs of the same three phthalates (DiBP, DnBP and DEHP), and
significant correlations between Dls derived from SEC and creatinine-based Dls

resulting from analysed phthalate metabolites.

Bisphenol A

Similar to phthalates, BPA was investigated based on maximum and mean exposure
levels in food, respectively. Calculated intakes per bodyweight per day were low,
especially for results based on mean exposure levels. Between the groups Children |
(n=26), Children 1l (n=210), Adults (n=296) and Elderly People (n=59), statistically

% |t has to be noted, that spontaneous urine samples were taken at one single day, which also limits

comparison with theoretical scenario exposure calculations.
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significant differences existed: BPA intakes decreased with increasing age; the median
and 95" percentile BPA intake of participants from the Children | group were 44 times
and eight times higher than the median in the group of Elderly People, respectively,
based on mean exposure levels in food. Based on maximum levels in food, the median
was about two times and the 95" percentile about six times higher. The maximum
calculated BPA intake amounted to 11.8 pg/kg bw/d and was found in the study group
of Children I. No exceedances of the former TDI of 50 pg/kg bw/d existed, but of the
new temporary TDI of 5 ug/kg bw/d set out by EFSA in 2014, which was exceeded by
two children, one from the group of Children | and one from the group of Children Il for
BPA intakes based on maximum exposure levels in food, and by one child from the
group of Children 1l for intakes based on mean exposure levels. Compared with daily
intakes derived from urinary BPA concentrations, daily intakes derived from SEC did
not match very well. One single but negative statistically significant correlation was
observed in only one single study population group (Adults), and additionally, Dls
calculated by SEC were much higher compared to DIs derived from urinary

concentrations.
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4 DISCUSSION AND CONCLUSION

In the context of the Austrian Study on Nutritional Status (ASNS) performed by the
Department of Nutritional Sciences (IfEW) of the University of Vienna, phthalate
metabolites and bisphenol A concentrations in urine samples of 595 children, adults
and elderly people were analysed. Based on the measured exposure, investigations
were performed based with the aid of surveyed ASNS data in order to evaluate the
exposure to the Austrian population, to establish reference values for the investigated
substances, to assess possible associations with several selected parameters such as
age, sex, anthropometric data, occurrences of various diseases, lifestyle, nutrition and
occupation, and to perform scenario exposure calculations as well as cumulative risk
assessment estimations. In the following, the investigated substances will be discussed
in relation to the study aims described in Chapter 1.2, and afterwards limitations of the
study will be reviewed.

4.1 Phthalates

Phthalates, a group of man-made chemicals mainly used as plasticisers in polyvinyl
production, are widely used in a multitude of common consumer products, which
contributes to human exposure. These substances are suspected to contribute to
several adverse health effects in animals and humans, especially regarding their
endocrine activities and their toxicity to reproduction. (EC, 2011f; Hauser and Calafat,
2005; Kortenkamp et al., 2011) Generally, phthalates can be divided into low molecular
weight phthalates (e.g. DEP, DnBP, DiBP, DnPeP, DCHP and BBzP), which are
primarily used in personal care products, cosmetics, lacquers, coatings, varnishes or
pharmaceuticals, and high molecular weight phthalates (e.g. DEHP, DnOP, DiNP and
DiBP), which are primarily used in flooring, wall covering, medical devices and food
contact materials (Hauser and Calafat, 2005). Humans can be exposed to phthalates
through oral uptake (via food, pharmaceuticals, nutritional supplements or toys), uptake
via inhalation (via house dust, indoor air), through dermal uptake (via clothing,
cosmetics, toys, dust or cleaning products), and intravenous uptake (via medical
devices) (Schettler et al., 2006).
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4.1.1 Exposure to the Austrian population

The analysis of 14 phthalate metabolite concentrations in urine samples (MEP, MnBP,
MiBP, MCHP, MnPeP, MBzP, MEHP, 50xo-MEHP, 50H-MEHP, 5¢cx-MEPP, MnOP,
3cx-MPP, MNP and MiDP)** was performed by HPLC-MS/MS in 2012.

Phthalate metabolites were detected in almost all samples, with most of the
metabolites of low molecular weight phthalates and one high molecular weight
phthalate (DEHP) present in the majority of the samples. In contrast, the metabolites of
high molecular weight phthalates (except DEHP metabolites) were detected in only a
small number of samples. However, in the case of DINP and DIiDP no accurate
conclusion can be made regarding exposure because the analysed primary
metabolites MiNP and MIiDP are not adequate biomarkers for exposure assessment.
The findings are interesting compared in relation the development of phthalate use
reported by industries, which has indicated a shift on the European market during the
last decade from low to high molecular weight phthalates (ECPI, 2010b). As previously
claimed, the results of the present study can be underestimated due to the lacking
knowledge of exposure to the high molecular weight phthalates DiNP and DiBP.

Among the three highest phthalate metabolite levels illustrated in Table 131, MiBP was
present in all study population groups. MEP and MnBP were present in the majority of
the groups, and the DEHP metabolite 5cx-MEPP was present in both children groups.

Table 131. Urinary metabolites [pg/l] with highest levels of exposure (median, P95) among the

various study population groups

_ 1. 2. 3.
Population group (median; P95) [ug/l] (median; P95) [ug/] (median; P95) [ug/]
Children I (n=31) MiBP (53.6; 153) MnBP (265 65.0)  5cx-MEPP (22.6; 52.5)
Children Il (n=220) MiBP (35.0; 131) MEP (19.5; 108) 5cx-MEPP (15.5; 56.5)
Adults (n=272) MEP (31.9; 400) MiBP (24.3; 109) MNBP (7.9; 40.7)
Elderly People (n=72) MEP (38.0; 1188) MiBP (25.7; 111) MnBP (10.4; 57.0)

= MEP, monoethyl phthalate; MnBP, mono-n-butyl phthalate; MiBP, mono-isobutyl phthalate; MCHP,
mono cyclohexyl phthalate; MnPeP, mono-n-pentyl phthalate; MBzP, mono-benzyl phthalate; MEHP,
mono-2-ethylhexyl phthalate; 50xo-MEHP, mono-2-ethyl-5-oxohexyl phthalate; 5O0H-MEHP, mono-(2-
ethyl-5-hydroxyhexyl) phthalate; 5cx-MEPP, mono-5-carboxy-2-ethylpentyl phthalate; MNOP, mono-n-octyl
phthalate; 3cx-MPP, 3-carboxy-mono-propyl phthalate; MiNP, mono-isononyl phthalate; MiDP, mono-
isodecyl phthalate.
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Among all assessed phthalate metabolites, the highest urinary levels were detected for
MEP with a maximum concentration of 2105 pg/l in a female participant of the group of
Elderly People, and a P95 value of 1188 ug/l.

The use of spontaneous urine samples includes the problem of possible variations in
urine volumes and in substance concentrations between the various voids of a single
day. Thus, creatinine adjustments of analysed urinary phthalate metabolite

concentrations were performed.

In general, the majority of urinary phthalate metabolite concentrations were significantly
higher in children and adolescents compared to younger adults and elderly people,
which is in agreement with results from other studies (e.g. Silva et al., 2004; Wittassek
and Angerer, 2008). However, elderly people showed higher levels of several urinary
phthalate metabolites than younger adults, which were partially comparable with levels
in the group of Children Il. This might be explained by variations in metabolic capacities
related to age or sex, along with the additionally influencing factors of nutrition or
lifestyle (NRC, 2008). A possible explanation for the higher exposure of children is the
more frequent contact to phthalate-containing products such as toys, school supplies,
paints or plastic gloves, as well as indoor dust and food (Wormuth et al., 2006). In
addition, factors such as physiology, developmental stage, and behaviour can
contribute to a higher exposure to several phthalates (NRC, 2008). A notable exception
among the urinary metabolites is MEP. The highest MEP levels were found in elderly
people followed by younger adults; this could be due to the more likely use of
cosmetics, personal care products and other consumer products containing MEP by
younger adults and elderly people compared to children and adolescents (Heudorf,
Mersch-Sundermann and Angerer, 2007). Additionally, because MEP is widely used in
pharmaceuticals (Hauser and Calafat, 2005), the more frequent intake among adults,
and especially among elderly people, may also have an important impact on MEP
exposure. Compared with results from other studies, most metabolites were lower in
the present study. Generally, findings matched most with results from Denmark in 2011
(Frederiksen et al., 2013). According to previous studies performed in several
European countries, phthalate exposure has decreased within the last decade, which
may be due to stricter legislations and changes in the use of phthalates as plasticisers

in consumer products.

Also similar to findings from other studies (e.g. Silva et al., 2004), females generally
showed higher exposures to several phthalates than males (among the group of

Children I, significant differences were identified for the metabolites MEP and MnBP,
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and among the group of Adults for MEP, MnBP, MiBP, MBzP, MiNP and all secondary
DEHP metabolites). As noted above, these findings might be explained by various
metabolic capacities differing inter-individually in relation to sex, age and demographic
factors (NRC, 2008), different body composition or different distributions of substances
within the organism (Klaasen, 2013), as well as differences in lifestyle related to e.qg.
nutrition, pharmaceutical intake, use of cosmetics or the use of other consumer

products.

For all DEHP metabolites and the metabolite MBzP, significant east-west declines in
Austria were identified among the total study population (n=595). East-west declines
also exist for adipositas prevalence among the study population investigated in the
Austrian Study on Nutritional Status (Elmadfa et al., 2012), which also included
participants from the present study. Thus, possible indications exist that exposure to
DEHP and BBzP contribute to overweight, or that nutrition has an important impact on
phthalate exposure. However, because of the epidemiologic data, a reasonable
conclusion cannot be given. Additional geographic differences comprised significant
differences between residential areas. Participants from urban areas showed higher
MEP and 5oxo-MEHP exposure, whereas in rural areas, 5cx-MEPP exposure was

higher.

4.1.2 Daily intakes

The estimations of individual DEP, DnBP, DiBP, BBzP and DEHP intakes were based
on two different calculation models published in Koch et al. (2007) for urinary volume
excretion and urinary creatinine excretion, and were compared with various existing
acceptable levels of exposure. Estimated daily phthalate intakes naturally complied
with respective urinary phthalate metabolite concentrations; thus, values decreased
with increasing age and increased again among elderly people. Additionally,
comparable to findings discussed above, daily DEP intakes were higher in participants
from the groups of Adults and Elderly People compared to both groups of children. In
general, daily intakes derived from the creatinine-based calculation model were lower
compared to those derived from the volume-based model, especially in relation to the
medians. However, in some cases, 95" percentiles from the creatinine-based model

were higher.

Currently, only a few studies investigating daily phthalate intakes in different
populations exist. In comparison to results from other European countries (e.g.
Frederiksen et al., 2013; Koch et al., 2007, 2011; Koch, Drexler and Angerer, 2003;
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Wittassek et al., 2007), estimated daily phthalate intakes were lower in the present

study.

Exceedances of acceptable levels of exposure existed mainly for Tolerable Daily
Intakes (TDI) set out by the EFSA. Generally, the TDIs for the majority of phthalates
are lower than the Reference Dose (RfD) set out by the U.S. EPA and the Reference
Dose for Anti-Androgenicity (RfD AA) established by Kortenkamp and Faust (2010).
Exceptions are BBzP and DEHP, which have higher TDIs. Differences in various
acceptable levels of exposure are due to the use of different endpoints when deriving
the values. A few exceedances of the TDI were identified for creatinine-based DnBP
and DiBP intakes, especially among children from both groups (Children | and Children
). In participants from the group of Adults, only one single exceedance each existed
for volume-based and creatinine-based daily DiBP intake, respectively. Daily intakes of
DEP showed no exceedances of the only available acceptable level, the RfD of 800
pg/kg bw/d. However, in some participants, daily DEP intakes were high, especially in
the group of Elderly People with a maximum level of 130 pg/kg bw/d. Additionally, no
exceedances existed for daily BBzP intakes. Although the exceedances were observed
in only a very small number of participants, the findings show that there is some cause

for concern regarding health risks.

The calculation of daily DEHP intake was based on two different metabolism studies
from Koch et al. (2005), and from Anderson et al. (2011), respectively, which derived
different molar fraction values (Fyg)? for the DEHP metabolites MEHP, 50H-MEHP,
50x0-MEHP and 5¢cx-MEPP. The use of these two separate calculations with different
Fues had the aim of identifying differences in results and addressing the importance of
detailed knowledge regarding the metabolism and elimination of phthalates. Fyugs
derived from Anderson et al. (2011) were lower than the Fgs published in Koch et al.
(2005), which leads to higher estimated daily DEHP intakes (about 1.4-fold higher). In
the present study, generally no exceedances of any investigated acceptable level of
exposure (TDI, RfD or RfD AA) were found for daily DEHP intakes based on urinary
creatinine excretion and Fyes derived from Anderson et al. (2011), where one child out
of 214 from the Children Il group exceeded the RfD of 20 pg/kg bw/d, which shows the
significant influence of Fyes on daily intakes. However, regardless of the phthalate,
investigations on metabolism and elimination were performed exclusively on adults. For

children and elderly people, data on Fyes or other important data are still missing, and

2 Molar fraction: molar ratio of phthalate metabolite concentrations eliminated via urine and the

concentration of the parent phthalate (Koch et al., 2007).
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for assessments, data derived from studies on adults are used. Children might be more

sensitive, and this may contribute to biased results.

4.1.3 Cumulative Risk Assessment

A cumulative risk assessment for combined phthalate exposure was performed using
the dose-addition concept of the Hazard Index (HI) approach for the evaluation of the
overall potential for non-carcinogenic effects according to Kortenkamp and Faust
(2010), which allows the assumption of adverse health effects resulting from
simultaneous exposure. Individual HIs were calculated based on TDI and RfD AA,
respectively. Generally, cause for concern exists for Hls exceeding a value of 1. Similar
to the discussion for daily phthalate intakes, HIs based on TDI were in general higher,
because of lower TDI levels compared to the corresponding RfD AA levels.

Hls decreased with increasing age between children and adults, and increased again in
elderly people to levels approximating those of the children from the Children Il group.
Exceedances of the HI level of 1 existed only for the TDI-based Hls, but not for RfD
AA-based, whereby the exceedances of TDI-based were exhibited especially in
children. Exceedances of the TDI-based Hls were seen in all study population groups,
with a maximum rate of 13% in the group of Children |. These results indicate a
potential cause for concern, especially for children as a vulnerable population group. In
comparison with results from previous studies, which are generally rare due to the fact
that cumulative risk assessment has only relatively recently received the attention of
the scientific community, results from the present study match with findings from

comparable Danish population groups with regards to TDI-based Hls.

Additionally, it should be mentioned that the majority of the investigated phthalate
metabolites are in a statistically significant positive correlation with each other (cf.
Table 53), especially all DEHP metabolites, MBzP, MiBP, MiBP, MCHP and 3cx-MPP.
This indicates that humans who are more highly exposed to a specific phthalate are
also more highly exposed to several other phthalates, which demonstrates out the

importance of cumulative risk assessment.

4.1.4 Associations with collected parameters

Apart from the significant differences between age groups, sex and geographical
factors discussed above, several statistically significant differences and associations
were also identified for diverse selected parameters which will be discussed in this

section. Generally, findings should be treated with a certain degree of caution, since
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the present epidemiological data do not demonstrate clear relationships. In addition to
phthalates, humans are exposed to a multitude of other chemical substances which
might also have negative impacts on health or lead to similar effects in humans.
However, a multitude of our findings are in concordance with findings from other
studies and can contribute to the identification of potential relationships between the
diverse parameters and phthalate exposure.

Anthropometric data

In relation to several anthropometric data including body mass index (BMI), waist
circumference (WC), abdominal circumference (AC), hip circumference (HC) and waist-
to-hip ratio (WHR), diverse results were shown. In the group of Elderly People, 50H-
MEHP, 5¢cx-MEPP and 3cx-MPP exposures increased with increasing BMI. Whether
these findings are an indication for the contribution of phthalate exposure to the
development of overweight and adipositas in elderly people or are related to nutrition
cannot be deduced from the present epidemiological data. Additionally, significant
associations were identified for neither children nor adults. In relation to the other
named body size measurement parameters, several statistically significant positive
and/or negative correlations were identified in every study population group, but with
partially contradictory results. Negative correlations between some phthalates and WC,
AC, HC and/or WHR were mainly observed in the group of Adults, whereas positive
correlations were found in the groups of Children Il and Elderly People. In the group of
Children 1, both negative and positive correlations were found. However, results are
inconsistent, difficult to interpret and should be treated with caution as a result of, for

example, the non-consideration of co-variables.

In the available literature, several studies exist which have investigated various study
populations for potential relationships between body size measurements, and thus for
instance the occurrence of obesity, and urinary phthalate metabolite concentrations,

obtaining varying results®. Due to the diversity of results obtained not only from the

2 For example, Wang et al. (2013) observed positive associations between BMI or WC and several
phthalate metabolites in the urine in Chinese children, although after the use of models employing sex and
age as co-variables, significant associations only remained for MEHP and MEP (Wang et al., 2013). In
African-American and Hispanic U.S.-American children, Teiltelbaum et al. (2012) reported positive
associations between MEP as well as the sum of low molecular weight phthalates and BMI as well as WC
(Teitelbaum et al., 2012). Another study in U.S.-Americans found associations between increasing BMI
and WC and several phthalate metabolites in adult males and adolescent females. Contrarily, MEHP was
inversely related to BMI in adolescent and adult females. No associations were found in children, but

several inverse relationships were found in elderly individuals. However, the authors claimed that their
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present study, but from other studies in different population groups as well, no definitive
conclusion can be reached regarding associations between an exposure to phthalates
and body size. Thus, further and more detailed investigations should be conducted with

consideration of, for example, confounding variables.

Hypertension

An interesting discovery was made regarding potential associations between urinary
phthalate metabolite exposure and self-reported hypertension among participants from
the group of Elderly People. 62% of these participants reported suffering from
hypertension, which was related to significantly higher exposures to 50xo-MEHP, OH-
MEHP, 5cx-MEPP (and therefore all secondary DEHP metabolites that were
investigated) and 3cx-MPP. Currently almost no studies are available which investigate
phthalate exposure and possible associations with hypertension and blood pressure. A
study conducted on U.S.-American children and adolescents aged 6-19 years
published by Trasande et al. (2013a) showed associations between dietary DEHP
exposure and higher systolic blood pressure. As discussed in the named study,
phthalates have short half-lives, but the development of hypertension is a chronic
process. However, phthalates can induce oxidative stress, which can lead to changes
in arteries. Additionally, they might have an influence on insulin resistance
development, resulting in the production of microvascular changes, and therefore
potentially causing higher blood pressure. (Trasande et al., 2013a) Results from the
group of Elderly People may suggest these findings as well. However, this might be an

interesting matter for further investigations.

Allergies

Several studies have reported significant associations between phthalate exposure,
primarily due to house dust, and the occurrence of asthma and allergies, especially in
children (e.g. Bornehag et al.,, 2004; Hsu et al., 2012; Jaakkola and Knight, 2008;
Kolarik et al., 2008).

study had limitations (Hatch et al., 2008). Additionally correlations between abdominal obesity as well as
insulin resistance, and several urinary phthalate metabolites were observed in U.S-American males
(Stahlhut et al., 2007). Contrarily, Trasande et al. (2013b) found no significant associations in several
different ethnic subgroups of children and adolescents from an U.S.-American population (Trasande et al.,
2013b).
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In the present study, no associations were identified between urinary phthalate
metabolite concentrations and allergies in children. In adults, statistically significant
associations were obtained in relation to self-reported allergies (asthma, rhinitis,
dermatitis) for MCHP, 5oxo-MEHP, MnBP and MiBP. However, our findings were
contradictory to results from other studies, because adults with self-reported allergies
showed significantly lower levels of the named phthalate metabolites. Limitations
included the sample size distribution, of which only 23% of adults reported to suffer
from allergies, and the non-specification of allergy types. Although the observed

differences were statistically significant, no decisive conclusion can be made.

Consumption of pharmaceuticals

Pharmaceuticals are an important source of phthalates such as DEP, DnBP, DiBP and
DEHP (FDA, 2012; Fromme et al.,, 2009; Hauser and Calafat, 2005; Kelley et al.,
2012). Additionally, BBzP is used in the packaging of medical products (ECHA, 2009b).

Significant associations were found between the daily consumption of pharmaceuticals
and urinary MEHP levels in the group of Adults, as well as between the daily
consumption of more than four pharmaceuticals and MEHP, as well as 3cx-MEHP, in
the group of Elderly People. Additionally in elderly individuals, significant correlations
were identified between amounts of pharmaceuticals consumed daily and MBzP, MiBP,
3cx-MPP and all four creatinine-adjusted DEHP metabolites. Regarding the application
type of pharmaceduticals, significantly higher exposure levels were observed among
participants from the group of Elderly People to (not) creatinine-adjusted 3cx-MPP and
creatinine-adjusted 5cx-MEPP in association with the daily consumption of film tablets,
as well as to creatinine-adjusted MBzP in association with the daily consumption of

capsules.

These findings demonstrate that the consumption of pharmaceuticals, especially in
higher amounts and/or higher frequencies, contribute to the exposure to several
phthalates. Notably, no statistically significant associations were found for DEP, which
is reported to be widely used in pharmaceuticals. However, both the highest MEP
exposure and the greatest consumption of pharmaceuticals were observed in elderly
people, which leads to the assumption that pharmaceuticals may contribute to MEP
exposure in the elderly. The findings also indicate that the application type of

pharmaceuticals contributes to the exposure to several phthalates.
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Nutrition

For the statistical investigation of potential associations between phthalate metabolite
exposure and the consumption of different food types as surveyed by Food Frequency
Questionnaires (FFQ), linear models were used. For logarithmic DEHP metabolites,
several statistically significant associations were observed at a significance level of
0.05. However, only for the food types of 'French fries' and 'microwave popcorn' were
higher DEHP metabolite exposure levels shown in association with more frequent
consumption. Regarding low molecular weight phthalate metabolites (MEP, MnBP,
MiBP, MnPeP, MCHP and MBzP), no statistically significant associations could be
identified. Generally, the investigation of the influence of nutrition on phthalate
metabolite exposure is difficult to perform based on spontaneous urine samples and
FFQs. However, the findings appear to indicate the contribution of, in particular, the
frequent consumption of French fries and microwave popcorn to exposure to DEHP.
Nevertheless, further and more detailed investigations would be necessary to prove

this conclusively.

Tobacco smoke

Slight but significant differences were found between smokers and non-smokers in the
adult population group, whereby smokers were less heavily exposed to urinary MnBP
and 5cx-MEPP. Decisive conclusions regarding the influence of smoking behaviour on
the exposure to several phthalates cannot be made based on the present data or the

statistical results.

Occupation

Investigations of phthalate metabolite exposure and several parameters related to
occupation were conducted only for the group of Adults, which constitute the main
employed group among the total study population. Among females from the group of
Adults, significant differences in phthalate metabolite exposure were identified between
employed and unemployed participants, whereby unemployed females were more
highly exposed to the DEHP metabolites MEHP, 50xo-MEHP and 5¢cx-MEPP, as well
as to MBzP and creatinine-adjusted MEP. Explanations for these findings might include
the different lifestyles of employed and unemployed females or the possibility of a
higher exposure in unemployed females as a result of increased exposure to house
dust in the home. However, because of the lack of further detailed information
regarding lifestyle, no exact conclusion could be made. Among adult males, differences

existed between various occupations (skilled worker/craftsman, self-employee,
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company or public employee and company or public employee in a leading position) in
relation to exposure to MnBP and 5cx-MEPP, which indicates that the type of
occupation might contribute to the exposure to certain phthalates. Differences were
also found between different working sectors in relation to 50xo-MEHP, 5¢cx-MEPP,
MiBP and creatinine-adjusted MnBP. Generally, students constituted the group most
highly exposed to all named phthalates. However, although statistically significant
differences between the different working sectors existed, explanations for these
differences cannot be proposed because of the suboptimal sample size distribution and
the lack of data regarding details about the places of employment and possible

exposure routes.

In regards to the workplace, a statistically significant relationship was identified
between construction works and MEP. Participants at the workplaces of whom
construction works had been performed within the last five years exhibited a

significantly higher exposure to MEP.

Contact with cleaning products

Among the group of Adults, statistically significant higher MEHP exposure was
identified in participants who had frequent contact with cleaning products. In the case
of MCHP, significant findings were also observed that were inverse to those related to
MEHP. However, the low detection rates of MCHP must be considered. In previous
investigations, phthalates were detected in cleaning products; Dodson et al. (2012)
reported several phthalates in stain removers (DEP), laundry bleach (DEP), car interior
cleaners (BBzP), dryer sheets (DEP, DnBP, DEHP), carpet cleaners (DEP), polish/wax
(DEP, DnBP), toilet bowl cleaners (DEP) and tub and tile cleaners (DnBP). Although
results from the present study seem to indicate positive associations between MEHP
exposure und the use of cleaning products, detailed and confident conclusions could
not be made as a result of the less than optimal sample size distribution (only 15
participants out of 150 had contact with cleanings products) and the lack of knowledge
regarding the type of cleaning products with which participants were in contact.
Additionally, the use of DEHP, which is the parent phthalate of the detected MEHP,

seemed to be rare in cleaning products (cf. Dodson et al. (2012)).

Place of residence

In both groups of children (Children | and Children I1), but not in the groups of Adults or
Elderly People, significantly higher exposures to several phthalate metabolites were

identified for participants living in apartments rather than in houses: urinary
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concentrations of creatinine-adjusted MEP and of all creatinine-adjusted DEHP
metabolites (MEHP, 50H-MEHP, 50xo-MEHP and 5cx-MEPP) were higher in children
from the Children I group who lived in apartments, and urinary concentrations of MEP
were also higher in children from the Children Il group who lived in apartments. House
dust is an important source of phthalate exposure, especially among children.
Participants from the group of Adults living in homes constructed before 1945 exhibited
significantly higher exposure to 3cx-MPP than adults living in homes constructed after
1945. However, no clear explanation for this can be given, because on the one hand
exact descriptions of the places of residence were not available, and on the other hand,
the phthalate source cannot be identified because of the fact that 3cx-MPP is a
metabolite of three different phthalates. Nevertheless, findings in children and adults

suggest that the type of residence has an important impact on phthalate exposure.

In regards to floorings at the participants' respective places of residence, slightly yet
statistically significant higher levels of MnBP exposure were identified in the total study
population for participants living in homes where floorings had not been changed within

the last 5 years.

Among the total study population, participants who reported owning new upholstery
furniture showed significantly higher exposure to MEP, creatinine-adjusted MEHP, as
well as creatinine-adjusted and not-adjusted MCHP compared to participants who
reported owning older upholstery furniture. In the case of MEP and creatinine-adjusted
MEHP, participants who owned leather furniture were exposed to a degree similar to
that of participants who owned new upholstery furniture. Regarding creatinine-adjusted
3cx-MPP exposure, statistically significant differences were also observed in relation to
the age of upholstery furniture; however, P95 values were similar for all age groups of
furniture. These findings suggest that new upholstery furniture might contribute to
increased exposure, especially to MEP and MEHP, which could be due to migration out

of the material into the air and house dust.

Use of handicraft materials

In children (both the Children | and Children 1l groups), statistically significant
differences were observed between frequency of the use of handicraft materials and
creatinine-adjusted MnBP. However, results were contrary to those which were
expected: children who used handicraft materials less frequently showed a higher
exposure to MnBP than children who used these materials more frequently, which

could be a change finding. Thus, no exact conclusion could be made.
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Playing behaviour among children

Among the group of Children I, statistically significant higher exposure levels to not-
creatinine-adjusted MiBP, creatinine-adjusted 50H-MEHP and 5oxo-MEHP were
observed in children who played 1-2 h per day with plastic toys compared to children
who played more. These statistical findings could be due to the suboptimal sample size
distribution (only 44 children out of 222 played more than two hours per day with plastic
toys). A reasonable conclusion could therefore not be drawn. The statistical analysis of
the phthalate metabolite exposure and the duration of the use of TV, PS and/or PC
within the same study population group showed statistically significant associations for
the creatinine-adjusted metabolites MEP, 50H-MEHP, 5¢cx-MEPP and MEHP, as well
as additionally for not-creatinine-adjusted MEHP, whereby in regards to medians the

exposure increased with increased duration of use.

4.1.5 Reference values and their comparison with HBM values

Reference values in Human Biomonitoring are determined based on exposure data
and describe the level of exposure a population or a population group has been
subjected to. The estimation follows the IUPAC guideline (Poulsen, Holst and
Christensen, 1997), which defines reference values within the 95% confidence interval
of the 95" population percentile of measured urinary phthalate metabolite
concentrations of a representative sample. (Bader and Lichtnecker, 2003; EAG, 2011).
Thus, reference values were derived for the Austrian children and adults from 2010-
2011 based on the urinary levels of several phthalate metabolites. It should be noted,
however, that reference values are statistically derived values and are subject to
change as a result of their dependence on various factors such as age, sex,
geographic region, study sample or lifestyle (Bader and Lichtnecker, 2003; EAG,
2009).

Based on derived data shown in Table 56, reference values were estimated for the
metabolites of DEP, DnBP, DiBP, BBzP, DEHP and DCHP, respectively for children
aged 6-15 years and adults aged 18-81 years (Table 57). For most investigated
phthalate metabolites, reference values for children are approximately two times higher
compared to reference values for adults. Exceptions include MnBP and MiBP, for
which the reference values are more similar, and MEP, for which adults exhibit values

nearly four times higher.

Compared to the available reference values of corresponding phthalate metabolites for
German children (age 4-14 years) from 2003-2006 and adults (20-29 years) from 2006
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and 2008, values of the Austrian population are several times lower. Additionally, for
almost all DEHP metabolites (except 5cx-MPP), the reference values of the Austrian
children were similar to those of German adults. Nevertheless, it must be considered
that these differences not only arise because of the comparison of two different
countries, but also because of the somewhat differently constructed age groups and
the different sampling periods.

For DEHP based on its secondary metabolites 50xo-MEHP and 50H-MEHP, the HBM-
I-values set out by the HBM-commission of 500 pg/l for children aged 6-13 years, 300
pg/l for females in childbearing years and 750 pg/l for males older than 14 years are
not exceeded by the reference values for the named DEHP metabolites derived from
the present study population (50 g/l for Austrian children and 20 pg/l for Austrian
adults). Thus, there are currently no expectations of adverse health effects and

therefore no need for action in the Austrian population concerning DEHP exposure.

4.1.6 Scenario exposure calculations

Based on the surveyed Food Frequency Questionnaires (FFQ) and 24-h recalls from
the ASNS, estimates were made in order to investigate theoretical potential daily
phthalate intakes through food consumption. Mean and maximum phthalate levels
derived from several studies for various food stuffs were collected and used for
calculations. Further, mean intakes of different food groups were estimated for the

present population based on data from 24-h recalls.

However, the scenario exposure calculations made exhibit several uncertainties and
limitations, such as uncertainties regarding food intake as a result of potential under- or
over-reporting by participants, incomplete coverage of all food types (e.g. milk products
were missing), the non-consideration of complete meals or lacking exact knowledge

concerning phthalate content of consumed food.

For the investigated phthalates DMP, DEP, DnBP, DiBP, BBzP, DEHP, DiNP and
DIDP, statistically significant differences existed between the population groups
(Children I, Children II, Adults and Elderly People) and daily intakes [ug/kg bw/d], with
exposures increasing with increasing age for all metabolites. Results for DINP should
be considered carefully, however, because available studies only provided DINP levels
for 20% of all investigated food types. For DiDP, only sparse data on exposure levels in
food were available and thus, no accurate conclusions can be made. The results
suggest that children are more highly exposed than adults, which is similar to findings

from the present study based on measured urinary phthalate metabolite concentrations
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and findings from other studies (e.g. Silva et al., 2004; Wittassek and Angerer, 2008).
An exception is the estimated exposure to DEP, which has been found to be higher in
adults and elderly people than in children. In this regard it must be considered that
dermal contact and inhalation are important DEP exposure routes due its wide use in
cosmetics, personal care products, perfumes and textile dyes, and that cosmetics, for
example, are mainly used by adults, but not by younger children. Furthermore, an
additional explanation for higher exposure levels in children may be that children

generally exhibit higher food intakes per bodyweight.

Compared with median daily intakes based on measured phthalate metabolites in
urine, daily intakes derived from SEC based on mean exposure levels were similar to
median volume- and creatinine-based DIs for most investigated phthalates (DnBP,
BBzP and DEHP), with median daily intakes derived from SEC based on maximum
exposure levels being higher. Higher median volume- and creatinine-based daily
intakes were established for DiBP and DEP. However, between Dls derived from SEC
and DlIs derived from calculations based on urinary metabolite concentrations,
statistically positive correlations existed for DEHP, DiBP and BBzP, in most cases at a
significance level of 0.01. For DnBP, no significant correlation was identified, and for
DEP negative correlations were found. This could be explained by the use of cosmetics
and personal care products as a major source of DEP exposure. These findings
suggest the suitability of SEC based on mean exposure levels with real daily intakes
estimated based on urinary phthalate metabolite concentrations, and more importantly,

that nutrition is a major source for a multitude of phthalates.

4.1.7 Findings discussed for each phthalate metabolite

MEP

Monoethyl phthalate (MEP) is the metabolite of the low molecular weight phthalate
diethyl phthalate (DEP), which is used in personal care products, cosmetics, food

packing materials and pharmaceuticals (Hauser and Calafat, 2005).

MEP was found in the highest concentrations among all investigated phthalates with a
P95 value of 1188 ug/l in the group of Elderly People, and was found in about 99% of
all samples. MEP was the only metabolite that showed increased urinary exposure
levels with increased age. Additionally, females were more highly exposed than males,
especially among young children and adults. These findings are similar to findings from
other studies and could be explained by the more frequent use of cosmetics and

personal care products with increasing age. Differences were also identified in relation



279

to the residential areas in which participants lived, with persons from (sub)urban areas
exhibiting higher exposure levels than those from rural areas. MEP exposure also
differed in the group of Elderly People in relation to the change of flooring at their
places of residence, with participants who had not changed their floorings within the
last five years exhibiting higher levels. Additionally, participants with new upholstery
furniture showed a slightly higher MEP exposure. Regarding employment
circumstances, higher MEP exposure was associated with construction work, and
women who were employed exhibited lower exposure levels than unemployed women.
The statistically significant associations match with the use of MEP in consumer

products.

As an acceptable exposure level, only a RfD of 800 pg/kg bw/d is available for DEP,
which was not exceeded by any participant. The highest evaluated daily intake of 130
pg/kg bw/d was about 6-fold lower than the RfD. Thus, although exposure is generally

high, especially compared to other phthalates, there should be no cause for concern.

MnBP

Mono-n-butyl phthalate (MnBP) is the major metabolite of di-n-butyl phthalate (DnBP),
a low molecular weight phthalate mainly used as a plasticiser in PVC products, as well
as in film coatings, adhesives and printing inks (ECB, 2003c). In the EU, DnBP is
prohibited in cosmetics, intermediate packaging of medical products, toys and childcare
articles, and in materials containing fatty food (EC, 2009c, 2011c, 2011e; European
Parliament, 2009). It is classified according to the CLP as toxic for reproduction

category 1B, and as very toxic to aquatic life (Aquatic Acute 1) (ECHA, 2013Kk).

Similar to the majority of phthalate metabolites, the highest MnBP exposure was found
in children, and the exposure decreased with increasing age. Depending on the study
population group, detection rates ranged between 97% and 100%. In the group of
Elderly People, exposures increased again nearly to the levels of the Children Il group,
which could be due to different rates of absorption, metabolism, distribution and
elimination at different ages. Females exhibited higher MnBP exposure compared to
males among younger children and adults. Several statistically derived significant
associations could not be explained or are difficult to trace back to measured urinary
MnBP concentrations, such as the lower exposure to MnBP in smokers, in adults
without allergies and in connection with frequent use of handicraft materials in children.

Additionally, statistically significant differences in MnBP exposure for various
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employment positions in adult males could not be explained in detail due to the lack of

knowledge concerning particular working circumstances.

Acceptable exposure levels for DnBP are 100 ug/kg bw/d (RfD and RfD AA set out by
the U.S. EPA) and 10 pg/kg bw/d (TDI set out by the EFSA). For estimated volume-
based daily intakes, no exceedance of any acceptable level existed. However, for
creatinine-based daily intakes, exceedances of the TDI were observed in the group of
Children I (3%) and the group of Children Il (0.5%). Although only a few participants
exceeded the TDI, there is some cause for concern, especially regarding children.

MiBP

Mono-isobutyl phthalate (MiBP) is the metabolite and biomarker for di-isobutyl
phthalate (DiBP) exposure, a low molecular weight phthalate used in PVC floorings,
wall coverings, suitcases, curtains, footwear, lacquers for wooden furniture and in
flooring (Danish EPA, 2011). The EU has banned the use of DIiBP in the immediate
packaging of medical products, toys and childcare articles, as well as in cosmetic
products (EC, 2009c, 2011c; European Parliament, 2009), and classified DiBP as toxic
for reproduction category 1B at a concentration limit of 225% and category 2 at a
concentration limit of 5-25% (ECHA, 2009c, 2013d).

Depending on the study group, MiBP was detected in 96% to 100% of the samples,
which was very similar to MnBP. In children (from both Children groups), MiBP was
found in the highest amounts of all investigated phthalates. Similar to the majority of
the investigated phthalate metabolites, exposures decreased with increasing age, with
participants from the group of Elderly People exhibiting slightly higher exposure than
those from the group of Adults. Similar to MEP and MnBP, adult females were more
highly exposed to MiBP than males. In elderly people, significant associations were
identified between MIiBP exposure and the amount of pharmaceuticals consumed per
day, which suggests that pharmaceuticals are an important source of phthalate intake.
The statistically significant higher exposure of adults without allergies could not be
reasonably explained, and could be a result of statistical effects. Additionally,
significant differences were shown in adults working in different sectors, but due to the
lack of detailed information on working circumstances, no further conclusions could be

drawn.

The RfD AA for DiBP, established by Kortenkamp and Faust (2010), is 200 pg/kg bw/d.
For DiBP, neither a TDI nor a RfD is available. Thus, because of its similarity to DnBP,
a TDI of 10 pug/kg bw/d, and a RfD of 100 pg/kg bw/d were used. The highest daily
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intakes were found in children. Exceedances of the TDI existed for children from the
groups Children | (13%) and Children Il (2%) for creatinine-based daily intakes, and for
participants from the group of Adults (0.4%) for creatinine- and volume-based daily
intakes, respectively. Among all investigated daily phthalate intakes, the highest rate of
exceedances existed for DiBP. This indicates cause for concern, especially in the case
of children.

MnPeP

Mono-n-pentyl phthalate (MnPeP) is the metabolite of the low molecular weight
phthalate di-n-pentyl phthalate (DnPeP). DnPeP is mainly used as a plasticiser in PVC
products. However, production volumes in Europe are low. (HSDB, 2009a) MnPeP has
CMR properties and is therefore a SVHC and classified according to CLP regulation as
toxic to reproduction category 1B and as very toxic to aquatic life (ECHA, 2013i; 2013)).
In the EU, the use of DnPeP in cosmetics and toys is prohibited (ECHA, n.r.).

Exposure to MnPeP in the present study population is very low. In only 3% to 7% of the
samples was MnPeP detected, depending on the study population group, with the
lowest detection rate found in the group of Elderly People and the highest in the group
of Children I. However, the maximum urinary MnPeP found in the group of Children II
was 4.5 ug/l, and therefore also low, which reflects the limited use of DnPeP in

consumer products.

For DnPeP, no acceptable exposure level exists. Furthermore, no daily intake was
calculated because of generally very low exposure. Thus, for DnPeP no cause for

concern exists due to the low exposure of the Austrian population.

MCHP

Mono-cyclohexyl phthalate (MCHP) is the metabolite of di-cyclohexyl phthalate
(DCHP), which is used as a plasticiser for nitrocellulose, ethylcellulose, vinyl acetate,
vinyl chloride resins (METI, 2003), various PVC products, paints and inks, but also in
materials for food packaging (Hass et al., 2012). DCHP is not classified according to
the CLP, and currently no EU legislation applies to it. However, DCHP is listed as a

potential endocrine disruptor (Danish EPA, 2013).

MCHP was detected in only a minor number of samples, with the lowest detection rate
found in the group of Children | (3%) and the highest in the group of Adults (36%).
Additionally, exposure to it was very low, with the maximum urinary concentration of

5.5 pg/l exhibited by a child. Contrary to the majority of the phthalate metabolites
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investigated, no trends in exposure in relation to age or sex could be identified.
Nevertheless, statistically derived associations were found between urinary MCHP
exposure and adults without allergies, as well as higher MCHP exposure in participants
without contact with cleaning products. These findings were statistically significant;
however, no conclusion could be drawn. A positive association with the presence of
new upholstery furniture could possibly be explained by the potential migration of
substances out of the material. However, such associations must be handled with care,
especially because of the lack of knowledge concerning the detailed composition of the

individual pieces of furniture and the possible content of phthalates in the materials.

Daily intakes were not estimated for DCHP because of the very low exposure of the
Austrian population.

MBzP

Mono-benzyl phthalate (MBzP) is the metabolite and biomarker for the low molecular
weight phthalate butyl benzyl phthalate (BBzP). BBzP is mainly used in polymer
products, especially PVC floorings, as well as in leather and textile coating, such as
upholstery or bags, and is also used in wall coverings, medical product packaging,
printing inks, adhesives and paints. In recent years, the use of BBzP has decreased as
a result of its replacement by alternatives such as DiNP, DEHT, and DINCH. (ECHA,
2009b) Similar to several other phthalates, BBzP is classified as toxic to reproduction
category 1B and as very toxic to aquatic life according to the CLP regulation (ECHA,
2013f). In the EU, its use is banned in plasticised materials, toys and childcare articles
(EC, 2008; ECHA, 2009b), cosmetics (European Parliament, 2009), in single-use
materials containing fatty foods and in contact materials for infant feeding formulas
(EC, 2011e).

Although the use of BBzP is still decreasing and is strictly regulated, MBzP was
detected in the majority of the investigated samples (86%-100%). Exposure was
highest in young children and decreased with increasing age. Similar to findings from
other phthalates, females were more highly exposed than males in the Children |
group. Additionally, a significant east-west decline was observed. In the group of
Elderly People, MBzP exposure correlated positively with the number of
pharmaceuticals consumed per day, which may indicate that pharmaceuticals are also
an important source of exposure. Similar to findings related to MEP, employed females
exhibited significantly less exposure to MBzP. In the group of Children I, participants

who had changed floorings at their home had a higher exposure to MBzP, which may
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result from the use of PVC floorings. However, no definitive relationship can be
established based on the available data, but this could represent a reasonable

explanation.

Acceptable exposure levels for BBzP are generally high compared to other phthalates.
The TDI is set out at 500 pg/kg bw/d, the RfD at 200 pg/kg bw/d and the RfD AA at 330
Ho/kg bw/d. No participant exceeded any of the available acceptable exposure levels.
Additionally, the estimated daily intakes were very low. Thus, there should be no cause
for concern in Austria regarding BBzP.

MEHP, 50H-MEHP, 50x0-MEHP and 5cx-MEPP

Mono-2-ethylhexyl phthalate (MEHP), mono-2-ethylhydroxyhexyl phthalate (50H-
MEHP), mono-2-ethyl-5-oxohexyl phthalate (50xo-MEHP) and mono-5-carboxy-2-
ethylpentyl phthalate (5cx-MEPP) are the primary and secondary metabolites of the
high molecular phthalate di-2-ethylhexyl phthalate (DEHP). DEHP is mainly used as a
plasticiser in PVC materials, and is thus found in a multitude of common consumer
products. Furthermore, it is also used in non-polymer products such as adhesives,
printing inks, lacquers and paints. (ECB, 2008) According to CLP legislation, DEHP is
classified as toxic to reproduction category 1 (ECHA, 2014b). In the EU, its use is
banned in immediate medical product packaging (EC, 2011c), childcare articles and
toys (EC, 2009c), cosmetic products (European Parliament, 2009), as well as in food
contact materials for single-use and containing fatty foods (EC, 2011e). In addition to
the phthalates DnBP, DIBP and BBzP, DEHP is listed in Appendix XIV of the EU
regulation No 1907/2006, which currently undergo new authorisation in order to remove
that substance from the European market in the future. After its sunset date in
February 2015, DEHP will only be allowed to be temporarily produced and/or used
after special authorisation. (ECHA, 2013c; LFU, 2012)

The primary metabolite MEHP was detected in only a portion of the investigated urine
samples (36-66%, depending on the population group), whereas the three secondary
metabolites were found in the majority of the samples (93-100%). Among all DEHP
metabolites, the highest urinary levels were found for 5cx-MEPP, which was
additionally found to be the third highest metabolite of all investigated phthalates in
children. Significant decreases with increasing age were identified for all secondary
metabolites, with elderly people exhibiting slightly higher median and P95 levels than
younger adults. These findings are similar to those concerning several other phthalate

metabolites. The higher exposure of females compared to males from the group of
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Adults for the secondary metabolites showed also similarity to other phthalate
metabolites. The exposure to all DEHP metabolites followed a significant east-west
decline, and participants from (sub)urban areas were more highly exposed to the
secondary metabolites than participants from rural areas. The significant increase of
exposure to 50H-MEHP and 5¢cx-MEHP with increasing BMI might suggest that food
intake plays an important role in phthalate exposure. Additionally, significant
associations were found between the secondary metabolites and the occurrence of
hypertension in the group of Elderly People. However, it must be considered that
hypertension is very common among the elderly and that this disease develops
chronically. A contribution of DEHP exposure to the development of hypertension
cannot be excluded, but further investigations are necessary. Similar to findings
concerning other phthalate metabolites, significantly higher creatinine-adjusted 50xo-
MEHP levels were found among the group of Adults in participants without self-
reported allergies. As discussed above, the findings could also be the results of mere
statistical coincidence. Significant relationships were identified regarding the intake of
pharmaceuticals. In the group of Elderly People, the creatinine-adjusted secondary
DEHP metabolites were significantly positively correlated with the number of
pharmaceuticals consumed daily, as well as creatinine-adjusted and not-adjusted
MEHP with the consumption of more than four different pharmaceuticals per day.
Similar findings were identified among the group of Adults, with a higher MEHP
exposure being significantly associated with the daily consumption of pharmaceuticals.
These findings suggest that pharmaceuticals might contribute significantly to the DEHP
exposure in younger adults and the elderly. Concerning nutrition, the logarithmic DEHP
metabolites (MEHP, 50H-MEHP, 5oxo-MEHP and 5cx-MEPP) were significantly
correlated with the more frequent consumption of French fries and microwave popcorn.
Thus, the consumption of these food types appears to contribute to DEHP exposure.
However, making a definitive conclusion is difficult in part due to the use of single
spontaneous urine samples and Food Frequency Questionnaires; more detailed
investigations are necessary. Regarding smoking behaviour, a significant difference
was found in relation to 5¢cx-MEPP in participants from the Adults group, where non-
smokers were found to be more highly exposed than smokers, which could not be
explained. Concerning occupation, significantly higher levels of exposure to MEHP,
50x0-MEHP and 5cx-MEPP were exhibited by unemployed females, and significant
differences existed between different employment positions and 5¢cx-MEPP, as well as
between different working sectors and 50xo-MEHP and 5cx-MEPP in adults, which is
similar to findings pertaining to several other phthalate metabolites. Thus, occupation

seemed to be an important contributor to DEHP exposure. However, detailed
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conclusions cannot be made because of the lack of specific occupational data. With
respect to places of residence, children from the Children | group who lived in
apartments were more highly exposed to all creatinine-adjusted DEHP metabolites
than children who lived in houses, which might be a result of dust exposure varying in
relation to the place of residence. Additionally in this study population group, significant
differences were also found for all secondary DEHP metabolites concerning replaced
floorings at the children’s homes, with children being more highly exposed where
floorings had been replaced. Contrarily, in the group of Elderly People, participants who
reported changed floorings at their homes were significantly less exposed to 50xo-
MEHP and 5cx-MEPP. These significant differences could be due to the materials used
for floorings. However, findings were contrary in the two different study population
groups. Participants who owned new upholstery furniture showed slightly, yet

significantly higher MEHP exposure compared to participants who owned older ones.

Acceptable levels of exposure for DEHP are 50 ug/kg bw/d (TDI), 30 pug/kg bw/d (RfD
AA) and 20 ug/kg bw/d (RfD). Creatinine- and volume-based daily intakes were
estimated based on all investigated metabolites, with two different calculations being
performed in relation to the two different published molecular fraction values (Fyg) from
Koch et al. (2005) and Anderson et al. (2011), respectively. Daily DEHP intakes based
on Fyes from Koch et al., which were lower, exceeded all available acceptable
exposure levels. Daily intakes based on Fys from Anderson et al. showed
exceedances among the group of Children Il (0.5%). Although the number of

exceedances was low, there is still some cause for concern, especially for children.

MnOP

Mono-n-octyl phthalate (MnOP) is the metabolite and biomarker of the high molecular
weight phthalate di-n-octyl phthalate (DnOP). DnOP is used primarily as a plasticiser in
flooring, cables, adhesives and cosmetics, but also as a dye carrier, for example in the
production of PVC, cellulose ester or polystyrene resins (Taylor and Bittner, 1997).
DnOP is not classified according to CLP regulation (ECHA, 2014a), but its use is
prohibited in the EU in toys and childcare articles that may be placed into the mouth by
children (EC, 2009).

Exposure to MnBP was very low in the investigated population. It was detected in only
6% to 13% of the investigated urine samples, depending on the study population
group. The highest urinary concentration was found in a child from the Children | group

at 3.4 ug/l. Thus, exposure to DnOP in Austria seems to be currently irrelevant.
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MiNP

Mono-isononyl phthalate (MiNP) is the primary metabolite of di-isononyl phthalate
(DINP), a high molecular weight phthalate used in products such as medical devices,
floorings, foot wear, coatings, building and construction materials, wall coverings, toys
and food contact materials, and is also used as a substitute for DEHP (ECHA, 2010b).
DINP is not classified according CLP regulation (ECHA, 2014d), but is banned in the
EU in toys and childcare articles (EC, 2009c), food contact materials for single-use,

materials containing fatty foods, and in infant and follow-on formulas (EC, 2011e).

MINP is not an accurate biomarker for DINP exposure due to its excretion via urine in a
fraction of only a few percentages. Thus, the secondary oxidized metabolites 70H-
mono-methyloctyl phthalate (OH-MINP), 7oxo-methyloctyl phthalate (oxo-MiNP) and
7carboxy-mono-methylheptyl phthalate (cx-MiNP) are used as biomarkers in human
biomonitoring studies. Due to the fact that accurate standards of the secondary
metabolites were not available at the time of analysis, only MiNP was measured. Thus,
an investigation of the exposure to the parent compound DINP was not possible.
However, the primary metabolite MiNP was found in small quantities in up to 18% of
the samples, depending on the study population group. The highest urinary

concentration of 12.7 ug/l was measured in a participant from the group of Children 1.

Adult females were more highly exposed to MiNP than males, which is comparable to
the case of other phthalate metabolites, and a significant east-west decline was also
identified. Thus, the exposure seems to behave in a manner similar to that of other
phthalates. Nevertheless, investigation of all DINP metabolites, especially the
secondary ones, would be of great importance, not only because of the increasing use

of DINP, especially as an alternative to DEHP, in many consumer products.

MiDP

Mono-isodecyl phthalate (MIiDP) is the primary metabolite of di-isodecyl phthalate
(DIDP), which is used as a plasticiser in PVC products such as coatings, floorings, wall
coverings, roofings, foot wear, wires, cables, car undercoatings, paints and lacquers
(ECB, 2003b). DIDP is not classified according to CLP (ECB, 2003b). In the EU, its use
is banned in toys and childcare articles that can be placed into the mouth (EC, 2009c¢),
in single-use food contact materials and materials containing fatty foods, as well as in
infant and follow-up formulas (EC, 2011e). Similar to DiNP, accurate biomarkers for
exposure include its primary metabolite MiDP and its secondary metabolites 6-hydroxy-

mono-isodecyl phthalate (oxo-MiDP) and mono-carboxyl-isooctyl phthalate (cx-MiDP).
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At the time of chemical analysis, standards for the secondary metabolites were not
available, which made the measurement of only MiDP in urine samples possible. Thus,

an accurate exposure assessment was not possible.

Nevertheless, MiDP was detected in up to 24% of the samples, depending on the study
population group. However, if detected, the levels of MiDP in urine were very low, with
the highest concentration at 1.1 pg/l in a participant from the group of Elderly People.
Daily intakes were not estimated due to the lack of knowledge concerning secondary
metabolite levels. Additionally, no statistically associations with any investigated
parameter could be identified for MiDP.

For the assessment of the DiDP exposure of the Austrian population, the analysis of all
metabolites would be necessary, and thus, further investigation of this phthalate is
needed.

3cx-MPP

3-carboxy-mono-propyl phthalate (3cx-MPP) is the metabolite of three different
phthalates: DnBP, DnOP and DiNP. Therefore, regarding measured urinary

concentrations, no conclusion can be made concerning the definitive parent compound.

3cx-MPP was found in the majority of the samples at detection rates between 58% in
the group of Adults and 100% in the group of Children I. P95 levels increased with
increasing age between children and adults. In elderly people, the P95 level was lower
again, similar to the P95 level of the Children Il group.

Statistically significant associations were found for 3cx-MPP exposure and BMI, which
increased with increasing BMI. Additionally, exposure to 3cx-MPP was significantly
higher in elderly people with self-reported hypertension, as well as being significantly
associated with the number of pharmaceuticals consumed daily and the consumption
of more than four different pharmaceuticals per day. Regarding places of residence,
significant 3cx-MPP levels were identified in adults living in homes built before 1945,
and slight, yet statistically significant lower 3cx-MPP exposure was found in

participants who owned new upholstery furniture.

4.1.8 Conclusion

Fourteen different urinary phthalate metabolites were investigated in an Austrian study

population of 595 participants consisting of children, adults and elderly people.
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Generally, the total study population was exposed to several phthalate metabolites,
with low molecular weight phthalates metabolites and the metabolites of the high
molecular weight phthalate DEHP being detected in either all or at least the majority of
the investigated urine samples. Thus, the study population was consistently exposed to
phthalates through various routes of exposure. In accordance with findings from
several previous international studies, the most highly exposed population group for the
majority of phthalate metabolites, except for MEP which was found in higher
concentrations among adults and elderly people, was the group of children. This finding
is also consistent with findings from other studies, and the increased exposure of adults
might be due to their more frequent use of cosmetics and personal care products when
compared to children. Overall, the present study could identify children as a vulnerable
group. Although the exposure to various phthalate metabolites is lower in Austria
compared to the results of investigations conducted in other countries, some
exceedances of diverse acceptable exposure levels (especially exceedances of the
Tolerable Daily Intake (TDI)) were identified, mainly among children. The greater
exposure among children was also shown in the cumulative risk assessment of several
phthalates (DEHP, DnBP and DiBP) in relation to the TDI, whereby certain Hazard
Index exceedances were identified. Thus, the exposure of children to phthalates must
be reduced.

Additionally, several parameters were identified to contribute to the level of phthalate
metabolite exposure, such as the ingestion of pharmaceuticals among the elderly,
construction works at the workplaces of employed adults, the different residence types
(apartments vs. houses) or the frequency of consumption of French fries or microwave
popcorn. However, results must be considered with a degree of caution, since the
surveyed parameters were derived epidemiologically, which can include certain
limitations. Statistically significant associations could be first indications and suggest

existing data, but further investigations focused on specific findings would be beneficial.

The derivation of reference values for the Austrian population, which was performed in
the context of this study for the first time for Austria based on a relatively large
population group, contributes greatly to the national and international risk assessment
for phthalates. In comparison with reference values from Germany, Austrian children
and adults exhibited lower reference values, which leads to the conclusion that
Austrians were less exposed than Germans. The derivation of reference values for
other countries, especially in Europe, would be beneficial for an exposure assessment

on a European level, as well as for cross-national comparisons.
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4.2 Bisphenol A

BPA is an industrial chemical mainly used as a monomer for the production of
polycarbonates (PC) and epoxy resins. It is further used as an additive in PVC
products, thermal paper, can coatings (European Communities, 2008) and several
other products. BPA can migrate from BPA-containing products into the environment
leading to human exposure through different routes of entry (Kuwabo et al., 2009). BPA
is an endocrine-disrupting chemical and can lead to various adverse health effects
(ECHA, 2011).

4.2.1 Exposure to the Austrian population

Total (free and conjugated) urinary BPA concentrations were measured in 595 urine
samples by on-line column-switching HPLC-MS/MS in 2013. The individual samples
sizes for each population group differed slightly compared to those from the phthalate
metabolite analysis due to the varied availabilities of urine samples for the two

analyses.

BPA was detected in only a marginal number of samples, with the highest detection
rates being exhibited by children (50% in the Children | group, 17.6% in the Children II
group, 11.3% in the group of Adults and 10.6% in the group of Elderly People).
Additionally, children were more highly exposed to BPA than adults and elderly people,
and thus a decrease was shown with increasing age, which is comparable to the
exposure to the majority of investigated phthalate metabolites. However, urinary BPA
concentrations were very low; the highest levels were found in an adult for not-
creatinine-adjusted BPA (17 pg/l) and in a child of the group of Children II for
creatinine-adjusted BPA (21 pg/g). As with the exposure to phthalates, different
behaviour and lifestyles, physiology or developmental stages (NRC, 2008), as well as
higher food consumption per bodyweight in children compared to adults are all
reasonable explanations for the age-related differences. However, no statistically

significant differences were observed based on sex.

Compared to results from previous international studies, the exposure to BPA was
lower in the present study population, especially related to the median urinary total
BPA levels and the detection rates. Thus, the exposure to BPA is generally low in the

Austrian population and should not be a cause for concern.
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4.2.2 Daily Intakes

The estimation of the daily BPA intake occurred according to the calculation
procedures published in Koch et al. (2012b) for volume-based DI and those published
in Frederiksen et al. (2013) for creatinine-based DI. Daily BPA intakes for both
calculation models were generally low. The highest levels were found in participants
from the Children | group. Similar to the trends observed regarding urinary BPA
concentrations, DI values decreased with increasing age. However, participants from
the group of Elderly People exhibited higher Dls than participants from both the Adults
group and the group of Children II. These findings were similar to findings for the
majority of phthalate metabolite concentrations. Generally, daily intakes were low.
Thus, neither the RfD of 50 pg/kg bw/d set out by the U.S. EPA (U.S. EPA, 2012b), nor
the temporary TDI of 5 pg/kg bw/d set out by the EFSA (EFSA, 2014a) were exceeded
by any study participant. Additionally, positive levels of BPA in urine were found in only
a minority of the samples (11% of the participants from each of the groups of Adults
and Elderly People, but in 50% of the Children | group). In comparison with results from
other studies, participants from the present study showed lower daily intakes for the
most part. However, Austrian children from (sub)urban areas had higher DI levels
(P95) than children from Denmark (Frederiksen et al., 2013) living in either urban or
rural areas. The findings do indicate, however, that in Austria BPA exposures were
very low, and based on the investigated population there should not be cause for
concern. Nevertheless, the possible effects of BPA at low doses should be considered,
especially because of the higher exposure of children, who are a vulnerable group.
Additionally, divergent opinions exist regarding the hazardousness of BPA. The French
Agency for Food, Environmental and Occupational Health and Safety (ANSES), for
example, has claimed the need to determine the significance of warning signals
observed during several studies conducted on the low-dose effects of BPA.
Additionally, it was advised that the increase of the TDI's safety factor should be
debated. (AFSSA, 2010)

4.2.3 Associations with selected parameters

After statistical analysis was conducted, several significant associations and
differences were observed. However, statistically derived findings should be
considered with caution as there is a possibility of findings being mere chance, but also

because BPA exposure was altogether very low.
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Age

For both creatinine-adjusted and not-creatinine-adjusted total BPA, significant
differences existed between the different age groups. As discussed above, between
children and adults, urinary BPA levels decreased with increasing age. In a manner
similar to the findings of phthalate metabolite levels in urine, BPA levels in participants
from the group of Elderly People were again higher, being comparable to the
concentrations of children from the Children Il group. Possible explanations for these
age-related differences include differences in lifestyle, physiology, etc., as discussed

above.

Regional differences

In the group of Adults, an east-west decline existed for not-creatinine-adjusted BPA.
This finding showed also a resemblance to findings from investigations of phthalate
metabolite exposure, and may suggest that nutrition has a high impact on exposure. As
discussed above, an east-west decline was also found in association with overweight
and adipositas (Elmadfa et al., 2012). However, based on the available data from this
study and from the ASNS, no exact conclusion can be made concerning this possible

connection.

Allergies

In the group of Children I, children who did not suffer from self-reported allergies
exhibited significantly higher BPA exposure than participants who reported suffering

from allergies.

Associations between BPA exposure and the occurrence of allergies and asthma have
been investigated in several studies, with different results. For example, prenatal
exposure to BPA has been found to be inversely associated with wheezing in five-year-
old children, exposure at the age of three years found positively associated with
wheezing in five-year old-children, and exposure in seven-year-old children has also
been associated with wheezing (Donohue et al., 2013). Investigations in the USA have
shown significant associations between urinary BPA concentrations and allergic
asthma in females (Vaidya and Kulkarni, 2012). Another study reported that exposure
to BPA at an early age does not necessarily exacerbate allergic inflammation in
adulthood (Bauer et al., 2012). Nevertheless, there might be some indications for
potential relationships between allergies such as allergic asthma and BPA exposure.

However, findings from the present study indeed indicate statistically significant
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differences between children with and without self-reported allergies, but on the one
hand the sample size distribution was suboptimal, and on the other no detailed
information on the type of allergy reported has been given. Thus, results are not clear

and therefore no conclusions can be drawn.

Nutrition

The investigation of total BPA exposure and possible associations with the
consumption of food showed some statistically significant, but not very reasonable
results: participants of the total study population who reported either no or an
infrequent consumption of soft drinks as well as no or an infrequent consumption of
coffee were more highly exposed to BPA. Additionally, although canned food is a major
food source of BPA exposure, a frequent consumption of this food type did not

contribute to a higher exposure.

Current place of residence

In the group of Adults, significant differences were found regarding BPA exposure
between participants living in houses and those living in apartments, with adults living
in apartments being more highly exposed than those adults who lived in houses. These
findings are similar to results concerning phthalate metabolite exposure in children,
where several phthalate metabolite concentrations were significantly associated with
living in apartments. Due to the fact that house dust is an important source of BPA as
well as phthalate exposure, potential differences in house dust exposure between

apartments and houses could be an explanation for these findings.

Use of laundry dryers

Statistically significantly higher BPA exposure was identified in adults who reported
using a laundry dryer at their home. On the one hand, BPA is used in coil coatings of
dryers (PlasticsEurope, 2007) and on the other hand it was also detected in laundry
detergents (Dodson et al., 2012). Thus, the migration of BPA from laundry dryers and
deposits of laundry detergents remaining on clothes into the air and house dust might
be possible, and findings from the present study suggest that the use of laundry dryers

at the home contribute to total BPA exposure.

4.2.4 Reference values and their comparison with HBM-values



293

Reference values for BPA, which are defined as statistically derived values for the
exposure experienced by a population or population group, were estimated as
described in the related chapters above. Because of their statistical derivation,
reference values are subject to change depending on several factors including sex,
age, geography, chosen sample and lifestyle. (Bader and Lichtnecker, 2003; EAG,
2009, 2011)

Based on measured urinary total BPA concentrations in the Austrian population from
2010-2011, reference values of 4 pg/l in male and female children (aged 6-15 years)
and 1.5 pg/l in male and female adults (aged 18-81) were derived, with the values for
children being more than two times higher than those of the adult population.

Compared to the available reference values for BPA for German children (aged 6-14
years) from 2003-2006 and adults (20-29 years) from 1995-2009, the derived values of
the Austrian population are several times lower, which is also similar to reference
values derived for various phthalate metabolites (see above). Again, it must be
considered that these differences between populations might also arise because of the
comparison of two different countries, different sampling periods and different age
groups, particularly regarding the adult populations.

The HBM-commission has set out HBM-I-values for BPA of 1500 pg/l for children and
of 2500 pg/l for adults. The reference values derived from the present study population
for children and for adults are far below the respective HBM-I-value and thus, no
adverse health effects should be expected. However, the current HBM-I-values are
based on the former EFSA TDI value for BPA, which was several times higher than the
new temporary TDI of 5 ug/kg bwrd.

4.2.5 Scenario exposure calculations

Scenario exposure calculations (SEC) for BPA were performed in a manner similar to
that used for phthalates. Intakes [ug/kg bw/d] decreased with increasing age
independently of estimations derived from literature based on mean or maximum BPA
levels in food. Contrary to findings based on measured urinary BPA concentrations,
elderly people showed the lowest BPA exposure compared to the other study
population groups and therefore to younger participants, which might be due to
differences in physiology and lifestyle, as discussed above. The results of SEC also
suggest that nutrition plays a role in exposure to BPA. Compared to DIs calculated on

the basis of measured urinary BPA levels, DIs derived from SEC were several times
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higher and exceeded the temporary TDI of 5 pg/kg bw/d in children on several
occasions, especially based on maximum BPA levels in food. However, SECs were
theoretical estimations based on data from literature with certain limitations. Thus,
although exceedances existed, there should not be cause for concern because the
actual BPA concentrations in urine samples were all far below the acceptable exposure
levels. Additionally, only one statistically significant correlation at a significance level of
0.05 was found between BPA intake derived from SEC based on maximum exposure
levels and the creatinine-based daily BPA intake derived from measured urinary BPA
levels in adults. Contrary to SEC performed for phthalates, which were much more
suitable, SEC performed for BPA seemed to not be a particularly accurate method of

estimating the theoretical intake via food.

4.2.6 Conclusion

Total BPA concentrations (free and conjugated BPA) were investigated in the urine
samples of 595 Austrian participants including children, adults and elderly individuals
with a total age range of 6-81 years. The exposure to BPA was generally low, with
detection rates between 10.6% in the group of Elderly People and 50% in the group of
Children I, and the highest urinary level measured was 17 ug/l from a participant from
the Adults group. As with phthalate metabolite exposure, children are also the most
vulnerable population group regarding BPA. Nevertheless, median BPA concentrations
were below the limit of detection (LOD) in all investigated population groups.
Additionally, calculated individual daily BPA intakes did not exceed any acceptable

exposure level.

Statistically significant associations were identified between BPA exposure and several
surveyed parameters. As discussed above, differences existed between age groups,
with children being more highly exposed than older participants. Similar to the findings
for several phthalate metabolites, BPA exposure was also identified to be greater for
participants from East Austria than for those from West Austria, as well as for
participants using laundry dryers at home. Also as in the case of several phthalate
metabolites, higher exposure levels were found in adults living in apartments than in

those living in houses, which might be due to differences in exposure to house dust.

The derivation of reference values showed exposures to be lower among the Austrian
population than the German. As discussed in the chapter on phthalates, the derivation
of reference values for other European countries would be beneficial for exposure

assessment in Europe and for comparisons on international level.
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Although exposure to BPA is low in Austria, special forms of dose-response curves as
well as potential adverse effects at low doses should be considered. Regarding dose-
response, several studies have shown non-monotonic curves of hormones, which are
U-shaped or inverse U-shaped, which is an indication of effects at both low and high
levels of exposure resulting from a down-regulation of hormone receptors at higher
concentrations or by combinations of two or more monotonic curves via different
pathways. For BPA, non-monotonic dose-response curves were reported. (Jekins et
al.,, 2011; Vandenberg et al., 2009) However, controversies exist in the scientific

community concerning the dose-response of BPA.

4.3 Limitations

Spontaneous urine samples

In order to evaluate exposure to phthalates and bisphenol A, spontaneous urine
samples were used. Generally, in epidemiological studies, 24-h urine samples would
be ideal sources for the determination of exposure as well as for the calculation of daily
intakes, but they can also be rather difficult to realize, especially in the case of young
children. For this reason, most epidemiological studies assess the exposure to many
chemicals. (Barr et al., 2005; Koch et al., 2007) The use of spontaneous urine samples
leads to the disadvantage of variable urine volumes and substance concentrations from
one void to the next, but this can be corrected by creatinine adjustment (Barr et al.,
2005). For calculations of daily phthalate and bisphenol A intakes, 24-h urine samples
were also optimal, but single urine samples can also be extrapolated to reflect the
excretion of a substance throughout the course of an entire day, based on reference
values for creatinine and urinary volume excretion (Koch et al., 2011). Thus, urinary
metabolite concentrations assessed in the present study based on spontaneous urine
samples are given in ug/l as well as creatinine-adjusted in pg/g. Additionally, daily
intakes were estimated in light of reference values for creatinine excretion and urinary

volume excretion dependent on age, sex, and/or body height.

Determination of DiINP and DiBP exposure

According to their chemical structure, phthalates are metabolised in their hydrolytic
monoesters, or further transformed into their oxidative secondary metabolites, as in the
cases of DINP and DIiDP. Thus, biomarkers for DINP include not only the hydrolytic
monoester MiNP, but also the oxidised metabolites OH-MiBP, oxo-MiNP, and cx-MINP,
and for DIDP the monoester MiDP and the secondary metabolites OH-MIDP, oxo-MiDP
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and cx-MiDP. (Koch and Angerer, 2012) An investigation of the DINP metabolism
conducted by applying a single dose of the labelled substance to a volunteer showed a
urinary excretion of about 20% OH-MiNP, 11% cx-MiNP, 11% oxo-MiNP and only 2.2%
MiINP after 48 hours (Koch and Angerer, 2007). In the present study, only the primary
metabolites MINP and MiDP were analysed in urine samples because of the lacking
availability of analytical standards for the respective secondary metabolites. Thus, the
assessment of the exposure to DINP and DIiDP was not possible, which leads, among
other things, to underestimations of total phthalate exposure. Because of its
widespread use, the assessment in the present study of exposure to DiINP would have

been especially beneficial.



297

5 REFERENCES

AFSSA (French Food Safety Agency) (2010). OPINION of the French Food Safety Agency on the critical
analysis of the results of a study of the toxicity of bisphenol A on the development of the nervous system
together with other recently-published data on its toxic effects. AFSSA - Request no 2009-SA-0270,
Maisons-Alfort, 29 January 2010.

Anderson, W.A.C.; Castle, L.; Scotter, M.J.; Massey, R.C.; Springall, C. (2001). A biomarker approach
to measuring human dietary exposure to certain phthalate diesters. Food Addit Contam 18, 1068-1074.

Anderson, W.A.C.; Castle, L.; Hird, S.; Jeffery, J.; Scotter, M.J. (2011). A twenty-volunteer study using
deuterium labelling to determine the kinetics and fractional excretion of primary and secondary urinary
metabolites of di-2-ethylhexylphthalate and di-iso-nonylphthalate. Food Chem Toxicol 49, 2022-2029.

Angerer, J.; Ewers, U.; Wilhelm, M. (2007). Human biomonitoring: State of the art. Int J Hyg Environ
Health 210, 201-228.

Api, A.M. (2001). Toxicological profile of diethyl phthalate: a vehicle for fragrance and cosmetic
ingredients. Food Chem Toxicol 39, 97-108.

Arakawa, C.; Fujimaki, K.; Yoshinaga, J.; Imai, H.; Serizawa, S.; Shiraishi, H. (2004). Daily Urinary
Excretion of Bisphenol A. Environ Health Prev Med 9, 22-26.

Arbuckle, T.E.; Davis, K.; Marro, L.; Fisher, M.; Legrand, M.; LeBlanc, A.; Gaudreau, E.; Foster,
W.G.; Choeurng, V.; Fraser, W.D.; the MIREC Study Group (2014). Phthalate and bisphenol A
exposure among pregnant women in Canada - Results from the MIREC study. Environ Int 68, 55-65.

ATSDR (Agency for Toxic Substances and Disease Registry) (1995). Toxicological profile for diethyl
phthalate. Agency for Toxic Substances and Disease Registry, Atlanta, Georgia, 1995.

Audran, X. (2012). Proposed Bisphenol A ban in food packaging would impact U.S. exports to France.
United States Department of Agriculture, GAIN Report Number FR 9090, 2.6.2012.

Bader, M.; Lichtnecker, H. (2003). Umweltmedizinische Leitlinie Human-Biomonitoring. Deutsche
Gesellschaft fur Arbeitsmedizin und Umweltmedizin e.V. (DGAUM), September 2003. Available at:
http://www.dgaum.de/index.php/publikationen/leitlinien/leitlinienumweltmedizin/248-
llumwelthumanbiomonitoring.html (Access at 2013-04-16) (in German).

Barr, D.B.; Wilder, L.C.; Caudill, S.P.; Gonzalez, A.J.; Needham, L.L.; Pirkle, J.L. (2005). Urinary
Creatinine Concentrations in the U.S. Population: Implications for Urinary Biologic Monitoring
Measurements. Environ Health Perspect 113, 192-200.

Bauer, S.M.; Roy, A.; Emo, J.; Chapman, T.J.; Georas, S.N.; Lawrence, B.P. (2012). The Effects of
Maternal Exposure to Bisphenol A on Allergic Lung Inflammation into Adulthood. Toxicol Sci 130 (1), 82-
93.

BCERC (Breast Cancer & the Environment Research Centers) (2011). Early Life Exposure to
Phthalates and Breast Cancer Risk in Later Years. Fact Sheet on Phthalates. Available at:
http://www.bcerc.org/COTCpubs/BCERC.FactSheet_Phthalates.pdf (Access at 2014-01-09).

BCS (Bureau of Chemical Safety) (2009). Survey of Bisphenol A in Bottled Water Products. Health
Canada, June 2009.

BCS (Bureau of Chemical Safety) (2010a). Survey of Bisphenol A in Soft Drink and Beer Products from
Canadian Markets. Health Canada, 2010.

BCS (Bureau of Chemical Safety) (2010b). Survey of Bisphenol A in Canned Food Products from
Canadian Markets. Health Canada, 2010.

Beck, S.; Wojdyla, D.; Say, L.; Betran, A.P.; Merialdi, M.; Requejo, J.H.; Rubens, C.; Menon, R.; Van
Look, P.F.A. (2010). The worldwide incidence of preterm birth: a systematic review of maternal mortality
and morbidity. Bulletin of the World Health Organization 88, 31-38. Available at:
http://www.who.int/bulletin/volumes/88/1/08-062554/en/ (Access at 2013-02-18).



298

Becker, K.; Seiwert, M.; Angerer, J.; Heger, W.; Koch, H.M.; Nagorka, R.; RoBkamp, E.; Schluter, C;
Seifert, B.; Ullrich, D. (2004). DEHP metabolites in urine of children and DEHP in house dust. Int J Hyg
Environ Health 207, 409-417.

Becker, K.; Goen, T.; Seiwert, M.; Conrad, A.; Pick-Fu3, H.; Miller, J.; Wittassek, M.; Schulz, C,;
Kolossa-Gehring, M. (2009). GerES IV: Phthalate metabolites and bisphenol A in urine of German
Children. Int J Hyg Environ Health 212, 685-692.

Bekd, G.; Weschler, C.J.; Langer, S.; Callesen, M.; Toftum, J.; Clausen, G. (2013). Children's
Phthalate Intakes and Resultant Cumulative Exposures Estimated from Urine Compared with Estimates
from Dust Ingestion, Inhalation and Dermal Absorption in Their Homes and Daycare Centers. Plos ONE 8
(4), 62442, 1-18.

Benson, R. (2009). Hazard to the developing male reproductive system from cumulative exposure to
phthalate esters - dibutyl phthalate, diisobutyl phthalate, butylbenzyl phthalate, diethylhexyl phthalate,
dipentyl phthalate, and diisononyl phthalate. Regul Toxicol Pharmacol 53, 90-101.

Berman, T.; Hocher-Celnikier, D.; Calafat, A.M.; Needham, L.L.; Amitai, Y.; Wormser, U.; Richter, E.
(2009). Phthalate exposure among pregnant women in Jerusalem, Israel: Results of a pilot study. Environ
Int 35, 353-357.

Berman, T.; Goldsmith, R.; G6en, T.; Spungen, J.; Novack, L.; Levine, H.; Amitai, Y.; Shohat, T.;
Grotto, |. (2014). Demographic and dietary predictors of urinary bisphenol A concentrations in adults in
Israel. Int J Hyg Environ Health (2014), http://dx.doi.org/10.1016/j.ijheh.2013.11.004.

Biedermann, S.; Tschudin, P.; Grob, K. (2010). Transfer of bisphenol A from thermal printer paper to the
skin. Anal Bioanal Chem 398, 571-576.

Blount, B.C.; Silva, M.J.; Caudill, S.P.; Needham, L.L.; Pirkle, J.L.; Sampson, E.J.; Lucier, G.W.;
Jackson, R.J.; Brock, J.W. (2000). Levels of Seven Urinary Phthalate Metabolites in a Human
Reference Population. Environ Health Perspect 108, 979-982.Boas, M.; Feldt-Rasmussen, U;
Skakkebaek, N.E.; Main, K.M. (2006). Environmental chemicals and thyroid function. Eur J Endocrinol
154, 599-611.

Boas, M.; Frederiksen, H.; Feldt-Rasmussen, U.; Skakkebaek, N.E.; Hegeddus, L.; Hilsted, L.; Juul,
A.; Main, K.M. (2010). Childhood Exposure to Phthalates: Associations with Thyroid Function, Insulin-like
Growth Factor I, and Growth. Environ Health Perspect 118, 1458-1464.

Bornehag, C.-G.; Nanberg, E. (2010). Phthalate exposure and asthma in children. Int J Androl 33, 333-
345.

Bornehag, C.-G.; Sundell, J.; Weschler, C.J.; Sigsgaard, T.; Lundgren, B.; Hasselgren, M.
Hagerhed-Engman, L. (2004). The Association between Asthma and Allergic Symptoms in Children and
Phthalates in House Dust: A Nested Case-Control Study. Environ Health Perspect 112, 1393-1397.

Bosnir, J.; Puntarié, D.; Galié, A.; Skes, I.; Dijani¢, T.; Klarié, M.; Grgié, M.; Curkovié, M.; Smit, Z.
(2007). Migration of Phthalates from Plastic Containers into Soft Drinks and Mineral Water. Food Technol
Biotechnol 45 (1), 91-95.

Bradley, E.L.; Burden, R.A.; Bentayeb, K.; Driffield, M.; Harmer, N.; Mortimer, D.N.; Speck, D.R;
Ticha, J.; Castle, L. (2013). Exposure to phthalic acid, phthalate diesters and phthalate monoesters from
foodstuffs: UK total diet study results. Food Addit Contam Part A, 30 (4), 735-742.

Braun, J.M.; Smith, K.W.; Williams, P.L.; Calafat, A.M.; Berry, K.; Ehrlich, S.; Hauser, R. (2012).
Variability of Urinary Phthalate Metabolite and Bisphenol A Concentrations before and during Pregnancy.
Environ Health Perspect 120, 739-745.

Braunrath, R.; Podlipna, D.; Padlesak, S.; Chichna-Markl, M. (2005). Determination of Bisphenol A in
Canned Foods by Immunoaffinity Chromatography, HPLC, and Fluorescence Detection. J Agric Food
Chem 53, 8911-8917.

Brotons, J.A.; Olea-Serrano, M.F.; Villalobos, M.; Pedraza, V.; Olea, N. (1995). Xenoestrogens
Released from Laquer Coatings in Food Cans. Environ Health Perspect 103, 608-612.

Bruns-Weller, E.; Pfordt, J. (2000). Bestimmung von Phthalséureestern in Lebensmitteln, Frauenmilch,
Hausstaub und Textilien. UWSF — Z Umweltchem Okotox 12 (3), 125-130 (in German).



299

Bushnik, T.; Haines, D.; Levallois, P.; Levesque, J.; Oostdam, J.V.; Viau, C. (2010). Lead and
bisphenol A concentrations in the Canadian population. Statistics Canada, Catalogue no. 82-003-XPE,
Health Reports 21 (3), 1-12.

Calafat, A.M.; Kuklenyik, Z.; Reidy, J.A.; Caudill, S.P.; Ekong, J.; Needham, L.L. (2005). Urinary
Concentrations of Bisphenol A and 4-Nonylphenol in a Human Reference Population. Environ Health
Perspect 113, 391-395.

Calafat, A.M.; McKee, R.H. (2006). Integrating Biomonitoring Exposure Data into the Risk Assessment
Process: Phthalates [Diethyl Phthalate and Di(2-ethylhexyl) Phthalate] as a Case Study. Environ Health
Perspect 114, 1783-1789.

Calafat, A.M.; Weuve, J.; Ye, X.; Jia, L.T.; Hu, H.; Ringer, S.; Huttner, K.; Hauser, R. (2009). Exposure
to Bisphenol A and Other Phenols in Neonatal Intensive Care Unit Premature Infants. Environ Health
Perspect 117, 639-644.

Cantonwine, D.; Meeker, J.D.; Hu, H.; Sanchez, B.N.; Lamadrid-Figueroa, H.; Mercado-Garcia, A.;
Fortenberry, G.Z.; Calafat, A.M.; Téllez-Rojo, M.M. (2010). Bisphenol a exposure in Mexico City and risk
of prematurity: a pilot nested case control study. Environ Health 2010, 9 (62).

Cao, X.-L.; Perez-Locas, C.; Dufresne, G.; Clement, G.; Popovic, S.; Beraldin, F.; Dabeka, R.W;
Feeley, M. (2011). Concentrations of bisphenol A in the composite food samples from the 2008 Canadian
total diet study in Quebec City and dietary intake estimates. Food Addit Contam, 28 (6), 791-798.

Carrillo, J.D.; Martinez, M.P.; Tena, M.T. (2008). Determination of phthalates in wine by headspace solid-
phase microextraction followed by gas chromatography-mass spectrometry Use of deuterated phthalates
as internal standards. J Chromatogr A, 1181, 125-130.

Carwile, J.L.; Luu, H.T.; Bassett, L.S.; Driscoll, D.A.; Yuan, C.; Chang, J.Y.; Ye, X.; Calafat, A.M.;
Michels, K.B. (2009). Polycarbonate Bottle Use and Urinary Bisphenol A Concentrations. Environ Health
Perspect 117, 1368-1372.

Casajuana, N.; Lacorte, S. (2003). Presence and Release of Phthalic Esters and Other Endocrine
Disrupting Compounds in Drinking Water. Chromatographia, 57, 649-655.

Casajuana, N.; Lacorte, S. (2004). New Methodology for the Determination of Phthalate Esters,
Bisphenol A, Bisphenol A Diglycidyl Ether, and Nonylphenol in Commercial Whole Milk Samples. J Agric
Food Chem 52, 3702-3707.

CDC (Centers for Disease Control and Prevention) (n.r.). Using Blood Lipid or Urine Creatinine
Adjustments of Environmental Chemical Data. Available at:
http://www.cdc.gov/nchs/tutorials/environmental/critical_issues/adjustments/Infol.htm (Access at 2013-02-
07).

CEF (EFSA Panel of Food Contact Materials, Enzymes, Flavourings and Processing Aids) (2013).
DRAFT Scientific Opinion on the risks to public health related to the presence of bisphenol A (BPA) in
foodstuffs - Part: exposure assessment. EFSA, Parma, Italy. Available at:
http://www.efsa.europa.eu/de/consultationsclosed/call/130725.pdf (Access at 2013-12-19).

CERHR (Center For The Evaluation Of Risks To Human Reprodction) (2003). NTP-CERHR
Monograph on the Potential Human Reproductive and Developmental Effects of Di-n-Octyl Phthalate
(DnOP). U.S. Department of Health and Human Services, National Toxicology Program, Center For The
Evaluation Of Risks To Human Reproduction, NIH Publication No. 03-4488, May 2003.

Chapin, R.E.; Adams, J.; Boekelheide, K.; Gray Jr., L.E.; Hayward, S.W.; Lees, P.S.J.; Mcintyre,
B.S.; Portier, K.M.; Schnorr, T.M.; Selevan, S.G.; Vandenberg, J.G.; Woskie, S.R. (2008). NTP-
CERHR Expert Panel Report on the Reproductive and Developmental Toxicity of Bisphenol A. Birth
Defects Res (Part B) 83, 157-395.

Cho, S.-C.; Bhang, S.-Y.; Hong, Y.-C.; Shin, M.-S.; Kim, B.-N.; Kim, J.-W.; Yoo, H.-J.; Cho, I. H.; Kim,
H.-W. (2010). Relationship between Environmental Phthalate Exposure and the Intelligence of School-Age
Children. Environ Health Perspect 118, 1027-1032.

CIRS (Chemical Inspection and Regulation Service) (2008-2012). REACH Registration of
Intermediates. Available at: http://www.cirs-reach.com/reach/REACH_Registration_Intermediates.html
(Access at 2013-11-29).



300

Cocker, J.; Mason, H.J.; Warren, N.D.; Cotton, R.J. (2011). Creatinine adjustment of biological
monitoring results. Occup Med 61, 349-353.

Colacino, J.A.; Harris, T.R.; Schlecter, A. (2010). Dietary Intake Is Associated with Phthalate Body
Burden in a Nationally Representative Sample. Environ Health Perspect 118, 998-1003.

Colacino, J.A.; Soliman, A.S.; Calafat, A.M.; Nahar, M.S.; Zomeren-Dohm, A.V.; Hablas, A.;
Seifeldin, I.A.; Rozek, L.S.; Dolinoy, D.C. (2011). Exposure to phthalates among premenstrual girls from
rural and urban Gharbiah, Egypt: A pilot exposure assessment study. Environ Health 10 (40), 1-8.

COWI A/S (2009). Data on Manufacture, Import, Export, Uses and Releases of Bi(2-ethylhexyl)phthalate
(DEHP) as well as Information on Potential Alternatives to its Use. European Chemicals Agency (Hd.), 29
January 2009.

Cunha, S.C.; Almeida, C.; Mendes, E.; Fernandes, J.O. (2011). Simultaneous determination of
bisphenol A and bisphenol B in beverages and powdered infant formula by dispersive liquid-liquid micro-
extraction and heart-cutting multidimensional gas chromatography-mass spectrometry. Food Addit Contam
28 (4), 513-526.

Danish EPA (Danish Environmental Protection Agency) (2011). Annex XV Restriction Report. Proposal
for a Restriction. Substance Name: bis(2-ethylhexyl)phthalate (DEHP), benzyl butyl phthalate (BBP),
Dibutyl phthalate (DBP), Diisobutyl phthalate (DIBP). Version Number 2. Danish Environmental Protection
Agency, Danish Competent Authority For REACH, Copenhagen, Denmark, 2011.

Danish EPA (Danish Environmental Protection Agency) (2013). Phthalate strategy. Danish
Environmental Protection Agency, Copenhagen, Denmark.

Danish Ministry of Food, Agriculture and Fisheries (2010). Danish ban on bisphenol A in materials in
contact with food for children aged 0-3. Available at:
http://www.fvm.dk/Default.aspx?ID=18488&PID=169747&NewsID=6014 (Access at 2012-06-04).

Dodson, R.E.; Nishioka, M.; Standley, L.J.; Perovich, L.J.; Green Brody, J.; Rudel, R.A. (2012).
Endocrine Disruptors and Asthma-Associated Chemicals in Consumer Products. Environ Health Perspect
120, 935-943.

Doerge, D.R.; Fisher, J.W. (2010). Background Paper on Metabolism and Toxicokinetics of Bisphenol A.
FAO/WHO Expert Meeting on Bisphenol A (BPA) Ottawa, Canada, 2-5 November 2010. Available at:
http://www.who.int/foodsafety/chem/chemicals/4_metabolism_and_toxicokinetics.pdf (Access at 2013-11-
25).

Donohue, K.M.; Miller, R.L.; Perzanowski, M.S.; Just, A.C.; Hoepner, L.A.; Arunajadai, S.; Canfield,
S.; Resnick, D.; Calafat, A.M.; Perera, F.P.; Whyatt, R.M. (2013). Prenatal and postnatal bisphenol A
exposure and asthma development among inner-city children. J Allergy Clin Immunol 131 (3), 736-742.

Duty, S.M.; Calafat, A.M.; Silva, M.J.; Brock, J.W.; Ryan, L.; Chen, Z.; Overstreet, J.; Hauser, R.
(2004). The Relationship Between Environmental Exposure to Phthalates and Computer-Aided Sperm
Analysis Motion Parameters. J Androl 25, 293-302.

Duty, S.M.; Ackerman, R.M.; Calafat, A.M.; Hauser, R. (2005). Personal Care Product Use Predicts
Urinary Concentrations of Some Phthalate Monoesters. Environ Health Perspect 113, 1530-1535.

EAG (Environment Agency Germany) (2005). Normierung von Stoffgehalten im Urin - Kreatinin.
Stellungnahme der Kommission "Human-Biomonitoring" des Umweltbundesamtes. Bundesgesundheitsbl-
Gesundheitsforsch-Gesundheitsschutz 48, 616-618.

EAG (Environment Agency Germany) (2007a). Ableitung von Human-Biomonitoring-(HBM-)Werten auf
der Basis tolerabler Aufnahmemengen — Teil |: Einfihrung. Stellungnahme der Kommission Human-
Biomonitoring des Umweltbundesamtes. Bundesgesundheitsbl-Gesundheitsforsch-Gesundheitsschutz 50,
249-250 (in German).

EAG (Environment Agency Germany) (2007b). Ableitung von Human-Biomonitoring-(HBM-)Werten auf
der Basis tolerabler Aufnahmemengen — Teil Il: Grundlagen und Ableitungsweg. Stellungnahme der
Kommission Human-Biomonitoring des Umweltbundesamtes. Bundesgesundheitsbl-Gesundheitsforsch-
Gesundheitsschutz 50, 251-254 (in German).



301

EAG (Environment Agency Germany) (2007c). Ableitung von Human-Biomonitoring-(HBM-)Werten auf
der Basis tolerabler Aufnahmemengen — Teil Ill: HBM-Werte fur (Di(2-ethylhexyl)phthalat (DEHP).
Stellungnahme der Kommission Human-Biomonitoring des Umweltbundesamtes. Bundesgesundheitsbl-
Gesundheitsforsch-Gesundheitsschutz 50, 255-259 (in German).

EAG (Environment Agency Germany) (2007d). Phthalate. Die nitzlichen Weichmacher mit den
unerwiinschten Eigenschaften. Environmental Agency Germany, Dessau-Rof3lau, Germany, 2007 (in
German).

EAG (Environment Agency Germany) (2009). Health and Environmental Hygiene Reference and HBM
values (Definitions and tables). Available at: http://www.umweltbundesamt.de/gesundheit-
e/monitor/definitionen.htm (Access at 2013-04-19).

EAG (Environment Agency Germany) (2010). Bisphenol A. An industrial chemical with adverse effects.
Environmental Agency Germany, Dessau-Roflau, Germany, 2010.

EAG (Environment Agency Germany) (2011). Substance monograph: Phthalates — New and updated
reference values for monoesters and oxidised metabolites in urine of adults and children. Opinion of the
Human Biomonitoring Commission of the German Federal Environment Agency. Bundesgesundheitsbl —
Gesundheitsforsch — Gesundheitsschutz 54 (6), 770-785 (in German). English version available at:
http://www.umweltbundesamt.de/sites/default/files/medien/pdfs/substance_monograph_on_phthalates.pdf
(Access at 2013-11-04).

EAG (Environment Agency Germany) (2012). Stoffmonographie Bisphenol A (BPA) - Referenz- und
Human-Biomonitoring-(HBM)-Werte fir BPA im Urin. Bundesgesundheitsbl 55, 1215-1231.

EAG (Environment Agency Germany) (2013a). Human-Biomonitoring.  Available at:
http://www.umweltbundesamt.de/themen/gesundheit/belastung-des-menschen/human-biomonitoring
(Access at 2013-10-18) (in German).

EAG (Environment Agency Germany) (2013b). HBM-Werte: Beurteilungswerte der HBM-Kommission.
Available at: http://www.umweltbundesamt.de/themen/gesundheit’/kommissionen-
arbeitsgruppen/kommission-human-biomonitoring/hbm-werte-beurteilungswerte-der-hbm-kommission
(Access at 2014-01-21) (in German).

EC (European Commission) (2000). Annex 15: List of 66 substances with classification high, medium or
low exposure concern. In: BKH report: Towards the establishment of a priority list of substances for further
evaluation of their role in endocrine disruption. BKH Consulting Engineers, Delft, The Netherlands, 10
November 2000. Available at: http://ec.europa.eu/environment/archives/docum/pdf/bkh_annex_15.pdf
(Access at 2014-02-03).

EC (European Commission) (2002). Commission Directive 2002/72/EC of 6 August 2002 relating to
plastic materials and articles intended to come into contact with foodstuffs. Official Journal of the European
Communities, 15.8.2002.

EC (European Commission) (2004). Commission Directive 2004/93/EC of 21 September 2004 amending
Council Directive 76/768/EEC for the purpose of adapting its Annexes Il and Ill to technical progress.
Official Journal of the European Union, 25.9.2004, L300/13-41.

EC (European Commission) (2005). Commission Directive 2005/80/EC of 21 November 2005 amending
Council Directive 76/768/EEC, concerning cosmetic products, for the purposes of adapting Annexes Il and
11l thereto technical progress. Official Journal of the European Union, 22.11.2005, L 303/32-37.

EC (European Commission) (2007). REACH in brief. European Commission, 2007. Available at:
http://ec.europa.eu/environment/chemicals/reach/pdf/2007_02_reach_in_brief.pdf (Access at 2012-05-02).

EC (European Commission) (2008). Council Directive of 27 July 1976 on the approximation of the laws,
regulations and administrative provisions of the Member States relating to restrictions on marketing and
use of certain dangerous substances and preparations (76/769/EEC). Council of the European
Communities, 11.12.2008. Available at:
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1976L0769:20081211:EN:PDF (Access
at 2013-02-20).



302

EC (European Commission) (2009a). Regulation (EC) No 1223/2009 of the European Parliament and of
the Council of 30 November 2009 on cosmetic products. Official Journal of the European Union,
22.12.2009, L 342/59-209.

EC (European Commission) (2009b). Commission Directive 2009/161/EU of 17 December 2009
establishing a third list of indicative occupational exposure limit values in implementation of Council
Directive 98/24/EC and amending Commission Directive 200/39/EC. Official Journal of the European
Union, 19.12.2009, L 338/87-89.

EC (European Commission) (2009c). Commission Regulation (EC) No 552/2009 of 22 June 2009
amending Regulation (EC) No 1907/2006 of the European Parliament and of the Council on the
Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH) as regards Annex XVII.
Official Journal of the European Union, 26.6.2009, L164/7-31.

EC (European Commission) (2011a). Commission Directive 2011/8/EU of 28 January 2011 amending
Directive 2002/72/EC as regards the restriction of use of Bisphenol A in plastic infant feeding bottles.
Official Journal of the European Union, 29.1.2011.

EC (European Commission) (2011b). Commission Implementing Regulation (EU) No 321/2011 of 1 April
2011 amending Regulation (EU) No 10/2011 as regards the restriction of use of Bisphenol A in plastic
infant feeding bottles. Official Journal of the European Union, 2.4.2011.

EC (European Commission) (2011c). Commission Regulation (EU) No 143/2011 of 17 February 2011
amending Annex XIV to Regulation (EC) No 1907/2006 of the European Parliament and of the Council on
Registration, Evaluation, Authorisation and Restriction of Chemicals (‘REACH’). Official Journal of the
European Union, 18.2.2011, L44/2-6.

EC (European Commission) (2011d). Eurostat: NUTS. National structures (EU). Version 2011-12-02.
Available at:
http://epp.eurostat.ec.europa.eu/portal/page/portal/nuts_nomenclature/correspondence_tables/national _str
uctures_eu (Access at 2012-10-26).

EC (European Commission) (2011e). Commission Regulation (EU) No 10/2011 of 14 January 2011 on
plastic materials and articles intended to come into contact with food. Official Journal of the European
Union, 15.1.2011, L12/1-89.

EC (European Commission) (2011f). Commission Staff Working Paper. 4th Report on the
implementation of the "Community Strategy for Endocrine Disruptors" a range of substances suspected of
interfering with the hormone systems of humans and wildlife (COM (1999) 706). European Commission,
SEC(2011) 1001 final, 10.8.2011, Brussels.

EC (European Commission) (2012). REACH. Available at:
http://ec.europa.eu/environment/chemicals/reach/reach_intro.htm (Access at: 2012-05-02).

EC (European Commission) (2013). Phthalates in school supplies. What daily exposure levels to
phthalates are considered safe? Available at: http://ec.europa.eu/health/opinions/en/phthalates-school-
supplies/I-2/5-safe-daily-exposure.htm (Access at 2013-03-25).

EC (European Commission) (2014). Endocrine disruptors. Which substances are of concern? Available
at: http://ec.europa.eu/environment/chemicals/endocrine/strategy/substances_en.htm#priority_list (Access
at 2014-02-03).

ECB (European Chemicals Bureau) (2000a). IUCLID Dataset of dicyclohexyl phthalate (DCHP).
European Commission, 19 February 2000.

ECB (European Chemicals Bureau) (2000b). IUCLID Dataset. Di-'isononyl' phthalate. European
Commission, 2000.

ECB (European Chemicals Bureau) (2003a). European Union Risk Assessment Report 1,2-
benzenedicarboxylic acid, di-C8-10-branched alkyl esters, C9-rich and di-isononyl' phthalate (DINP).
European Communities, Office of Official Publications of the European Communities, Luxembourg, 2003.

ECB (European Chemicals Bureau) (2003b). European Union Risk Assessment Report 1,2-
benzenedicarboxylic acid, di-C9-11-branched alkyl esters, C10-rich and di-isodecyl' phthalate (DIDP).
European Communities, Office of Official Publications of the European Communities, Luxembourg, 2003.



303

ECB (European Chemicals Bureau) (2003c). Dibutyl Phthalate Summary Risk Assessment Report.
Special Publication 1.01.66. European Commission, Institute for Health and Consumer Protection,
European Chemicals Bureau, Ispra, Italy. Available at: http://echa.europa.eu/documents/10162/fcd6797a-
395¢-4f40-83b5-38653200f6¢chb (Access at 2013-10-11).

ECB (European Chemicals Bureau) (2003d). European Union Risk Assessment Report 4,4'-
isopropylidenediphenol (Bisphenol-A). European Communities, Office for Official Publications of the
European Communities, 2003.

ECB (European Chemicals Bureau) (2007). European Risk Assessment Report benzyl butyl phthalate
(BBP). European Communities, Office for Official Publications of the European Communities, Luxembourg,
2007.

ECB (European Chemicals Bureau) (2008). European Union Risk Assessment Report bis(2-
ethylhexyl)phthalate (DEHP). European Communities, Office for Official Publications of the European
Communities, Luxembourg, 2008.

ECHA (European Chemicals Agency) (2008a). Member State Committee Support Document for
Identification of Benzyl butyl phthalate (BBP) as a Substance of Very High Concern. European Chemicals
Agency, 1 October 2008.

ECHA (European Chemicals Agency) (2008b). Member State Committee Support Document for
Identification of Bis(2-ethylhexyl)phthalate (DEHP) as a Substance of Very High Concern. European
Chemicals Agency, 1 October 2008.

ECHA (European Chemicals Agency) (2008c). Member State Committee Support Document For
Identification Of Dibutyl Phthalate (DBP) As A Substance Of Very High Concern. European Chemicals
Agency, 1 October 2008.

ECHA (European Chemicals Agency) (2009a). Background document for bis(2-ethylhexyl) phthalate
(DEHP). European Chemicals Agency, 2009.

ECHA (European Chemicals Agency) (2009b). Background document for benzyl butyl phthalate (BBP).
European Chemicals Agency, 1 June 2009.

ECHA (European Chemicals Agency) (2009c). Member State Committee Support Document For
Identification Of Diisobutyl Phthalate As A Substance Of Very High Concern Because Of Ist CMR
Properties. European Chemicals Agency, 27 November 2009.

ECHA (European Chemicals Agency) (2010a). Evaluation of New Scientific Evidence Concerning the
Restrictions Contained in Annex XVII to Regulation (EC) No 1907/2006 (REACH). Review of New
Auvailable Information for di-n-octyl phthalate (DNOP). European Chemicals Agency, July 2010.

ECHA (European Chemicals Agency) (2010b). Evaluation of New Scientific Evidence Concerning the
Restrictions Contained in Annex XVII to Regulation (EC) No 1907/2006 (REACH). Review of New
Available Information for di-'isononyl' phthalate (DINP). European Chemicals Agency, July 2010.

ECHA (European Chemicals Agency) (2011). Background document to the decision of the Executive
Director of ECHA, ED/32/2011. Selection criteria to prioritise substances for Substance Evaluation (2011
CoRAP selection criteria). European Chemicals Agency, 26 May 2011.

ECHA (European Chemicals Agency) (2012a). Community Rolling Action Plan (CoRAP). European
Chemicals Agency, 29 February 2012, 1-16.

ECHA (European Chemicals Agency) (2012b). 4,4'-isopropylidenediphenol. Identification. Available at:
http://clp-
inventory.echa.europa.eu/SummaryOfClassAndLabelling.aspx?SubstancelD=54923&HarmOnly=no
(Access at 2013-10-22).

ECHA (European Chemicals Agency) (2012c). Evaluation of New Scientific Evidence Concerning DiNP
and DiBP in Relation to Entry 52 of Annex XVII to Regulation (EC) No 1907/2006 (REACH). European
Chemicals Agency, Helsinki, Finland, Draft Report Version 3, 7 May 2012.

ECHA  (European Chemicals  Agency) (2013a). Authorisation list.  Available  at:
http://fecha.europa.eu/addressing-chemicals-of-concern/authorisation/recommendation-for-inclusion-in-the-
authorisation-list/authorisation-list (Access at 2013-02-20).



304

ECHA (European Chemicals Agency) (2013b). Candidate List of Substances of Very High Concern for
Authorisation. Available at: http://echa.europa.eu/candidate-list-table (Access at 2013-10-21).

ECHA (European Chemicals Agency) (2013c). Authorisation. Available at:
http://ec.europa.eu/enterprise/sectors/chemicals/reach/authorisation/index_en.htm (Access at 2013-10-
21).

ECHA (European Chemicals Agency) (2013d). Summary Of Classification and Labelling: Diisobutyl
phthalate. Available at:

http://clp-
inventory.echa.europa.eu/SummaryOfClassAndLabelling.aspx?SubstancelD=14308&HarmOnly=no
(Access at 2013-02-19).

ECHA (European Chemicals Agency) (2013e). Guidance on the Application of the CLP Criteria.
Guidance to Regulation (EC) No 1272/2008 on classification, labelling and packaging (CLP) of substances
and mixtures. Version 4.0, November 2013, European Chemicals Agency, Helsinki, Finland.

ECHA (European Chemicals Agency) (2013f). Summary Of Classification and Labelling: Benzyl Butyl
phthalate. Available at: http://clp-
inventory.echa.europa.eu/SummaryOfClassAndLabelling.aspx?SubstancelD=103808&HarmOnly=no
(Access at 2013-10-15).

ECHA  (European Chemicals Agency) (2013g). Diethyl  phthalate.  Available at:
http://apps.echa.europa.eu/registered/data/dossiers/DISS-9d82880f-aab1-5fcc-e044-00144f67d249.html
(Access at 2013-10-15).

ECHA (European Chemicals Agency) (2013h). Summary of Classification and Labelling: Bisphenol A.
Available at:

http://clp-
inventory.echa.europa.eu/SummaryOfClassAndLabelling.aspx?SubstancelD=54923&HarmOnly=no
(Access at 2013-10-22).

ECHA (European Chemicals Agency) (2013i). Member State Committee Support Document For
Identification Of Dipentyl Phthalate (DPP) As A Substance Of Very High Concern Because Of Its CMR
Properties. European Chemicals Agency, 31 May 2013. Available at:
http://fecha.europa.eu/documents/10162/14598345/support_document_dpp_20130531_en.pdf (Access at
2013-11-11).

ECHA (European Chemicals Agency) (2013j). Summary of Classification and Labelling. Harmonised
classification — Annex VI of Regulation (EC) No 1272/2008 (CLP Regulation): Di-n-pentyl phthalate.
Available at:

http://clp-
inventory.echa.europa.eu/SummaryOfClassAndLabelling.aspx?SubstancelD=68860&HarmOnly=no
(Access at 2013-11-11).

ECHA (European Chemicals Agency) (2013k). Summary Of Classification and Labelling. Dibutyl
phthalate. Available at:

http://clp-
inventory.echa.europa.eu/SummaryOfClassAndLabelling.aspx?SubstancelD=16769&HarmOnly=no
(Access at 2013-02-19).

ECHA (European Chemicals Agency) (2014a). Summary Of Classification and Labelling: Dioctyl
phthalate. Available at: http://clp-
inventory.echa.europa.eu/SummaryOfClassAndLabelling.aspx?SubstancelD=16594&HarmOnly=no?Discl
aimerAgr=Agree&Index=117-84-0&ExecuteSearch=true&fc=true&lang=de (Access at 2014-06-06).

ECHA (European Chemicals Agency) (2014b). Summary Of Classification and Labelling: Bis(2-
ethylhexyl) phthalate. Available at: http://clp-
inventory.echa.europa.eu/SummaryOfClassAndLabelling.aspx?SubstancelD=10536&HarmOnly=no?Discl
aimerAgr=Agree&Index=117-81-7&ExecuteSearch=true&fc=true&lang=de (Access at 2014-01-13).



305

ECHA (European Chemicals Agency) (2014c). Summary Of Classification and Labelling: Di-
"isodecyl"pthalate. Available at:

http://clp-
inventory.echa.europa.eu/SummaryOfClassAndLabelling.aspx?SubstancelD=30404&HarmOnly=no
(Access at 2014-02-12).

ECHA (European Chemicals Agency) (2014d). Summary Of Classification and Labelling: Di-"isononyl"
phthalate. Available at:

http://clp-
inventory.echa.europa.eu/SummaryOfClassAndLabelling.aspx?SubstancelD=74139&HarmOnly=no
(Access at 2014-06-06).

ECHA (European Chemicals Agency) (2014e). Summary Of Classification and Labelling: Di-cyclohexyl
phthalate. Available at:

http://clp-
inventory.echa.europa.eu/SummaryOfClassAndLabelling.aspx?SubstancelD=64904&HarmOnly=no
(Access at 2014-06-06).

ECHA (European Chemicals Agency) (2014f). Summary of Classification and Labelling: Diethyl
Phthalate. Available at:

http://clp-
inventory.echa.europa.eu/SummaryOfClassAndLabelling.aspx?SubstancelD=13888&HarmOnly=no
(Access at 2014-06-06).

ECHA (European Chemicals Agency) (2014g). Summary of Classification and Labelling: Di-isodecyl
Phthalate. Available at:

http://clp-
inventory.echa.europa.eu/SummaryOfClassAndLabelling.aspx?SubstancelD=30404&HarmOnly=no
(Access at 2014-06-06).

ECHA (European Chemicals Agency) (n.r.). Annex XV dossier. Proposal for Identification of a
Substance as a CMR 1A or 1B, PBT, vPvB or a Substance of an Equivalent Level of Concern: Dipentyl
phthalate (DPP). Available at: http://echa.europa.eu/documents/10162/13638/annex_xv_svhc_ec_205-
017-9_dpp_en.pdf (Access at 2013-11-11).

ECPI (European Council for Plasticisers and Intermediates) (2010a). Phthalate — Komplette Liste.
Available at: http://ww.plasticisers.org/de_DE/weichmacher/nicht-alle-phthalate-sind-gleich/komplette-
liste (Access at 2014-01-09) (in German).

ECPI (European Council for Plasticisers and Intermediates) (2010b). High Phthalates. Available at:
http://www.plasticisers.org/en_GB/plasticisers/high-phthalates (Access at 2012-11-12).

EFSA (European Food Safety Authority) (2005a). Opinion of the Scientific Panel on Food Additives,
Flavourings, Processing Aids and Materials in Contact with Food (AFC) on a request from the Commission
related to Bis(2-ethylhexyl)phthalate (DEHP) for use in food contact materials. Question N° EFSA-Q-2003-
191. EFSA Journal 243, 1-20.

EFSA (European Food Safety Authority) (2005b). Opinion of the Scientific Panel on Food Additives,
Flavourings, Processing Aids and Materials in Contact with Food (AFC) on a request from the Commission
related to Di-Butylphthalate (DBP) for use in food contact materials. Question N° EFSA-Q-2003-192. EFSA
Journal 242, 1-17.

EFSA (European Food Safety Authority) (2005c). Opinion of the Scientific Panel on Food Additives,
Flavourings, Processing Aids and Materials in Contact with Food (AFC) on a request from the Commission
related to Butylbenzylphthalate (BBP) for use in food contact materials. Question N° EFSA-Q-2003-190.
EFSA Journal 241, 1-14.

EFSA (European Food Safety Authority) (2005d). Opinion of the Scientific Panel on Food Additives,
Flavourings, Processing Aids and Materials in Contact with Food (AFC) on a request from the Commission
related to Di-isononylphthalate (DINP) for use in food contact materials. Question N° EFSA-Q-2003-194.
EFSA Journal 244, 1-18.



306

EFSA (European Food Safety Authority) (2005e). Opinion of the Scientific Panel on Food Additives,
Flavourings, Processing Aids and Materials in Contact with Food (AFC) on a request from the Commission
related to Di-isodecylphthalate (DIDP) for use in food contact materials. Question N° EFSA-Q-2003-195.
EFSA Journal 245, 1-14.

EFSA (European Food Safety Authority) (2011). FAQ on chemicals in food. European Food Safety
Authority, December 2011. Available at: http://www.efsa.europa.eu/en/fags/fagchemicalsinfood.htm
(Access at 2013-06-04).

EFSA (European Food Safety Authority) (2013a). Bisphenol A. Available at:
http://www.efsa.europa.eu/en/topics/topic/bisphenol.htm (Access at 2013-10-30).

EFSA (European Food Safety Authority) (2013b). Food is main source of BPA for consumers, thermal
paper also potentially significant. EFSA Press Release, 25 July 2013. Available at:
http://www.efsa.europa.eu/en/press/news/130725.htm (Access at 2013-11-28).

EFSA (European Food Safety Authority) (2014a). Draft Scientific Opinion on the risks to public health
related to the presence of bisphenol A (BPA) in foodstuffs. Endorsed for Public Consultation Draft
Scientific Opinion. EFSA Panel on Food Contact Materials, Enzymes, Flavourings and Processing Aids
(CEF), EFSA, Parma, lItaly. Available at: http://www.efsa.europa.eu/de/consultations/call/140117.pdf
(Access at 2014-01-21).

EFSA (European Food Safety Authority) (2014b). Bisphenol A: EFSA consults on assessment of risks
to human health. Press Release, 17 January 2014. Available at:
http://www.efsa.europa.eu/en/press/news/140117.htm (Access at 2014-02-04).

Ellero-Simatos, S.; Claus, S.P.; Benelli, C.; Forest, C.; Letourneur, F.; Cagnard, N.; Beaune, P.H.; de
Waziers, |. (2011). Combined Transcriptomic — ‘H NMR Metabonomic Study Reveals That
Monoethylhexyl Phthalate Stimulates Adipogenesis and Glyceroneogenesis in Human Adipocytes. J
Proteome Res 10, 5493-5502.

Elmadfa, I.; Hasenegger, V.; Wagner, K.; Putz, P.; Weidl, N.-M.; Wottawa, D.; Kuen, T.; Seiringer, G.;
Meyer, A.L.; Sturtzel, B.; Kiefer, I.; Zilberszac, A.; Sgarabottolo, V.; Meidlinger, B.; Rieder, A. (2012).
Osterreichischer Ernahrungsbericht 2012. 1. Edition, Vienna, 2012 (in German).

EU (European Union) (n.r.). Epidemiological studies. Available at: http://cordis.europa.eu/fp5-
euratom/src/epidemio/part1-2.htm (Access at 2014-05-05).

European Communities (2008). Updated European Union Risk Assessment Report 4,4'-
Isopropylidenediphenol (Bisphenol-A). Office for Official Publications of the European Communities,
Luxembourg, 2008.

European Parliament (2009). Regulation (EC) No 1223/2009 of the European Parliament and of the
Council of 30 November 2009 on cosmetic products (recast). Official Journal of the European Union,
22.12.2009, L342/59-209.

FDA (U.S. Food and Drug Administration) (2008). Draft Assessment of Bisphenol A for Use in Food
Contact Applications. DRAFT version 08/14/2008. Available at:
http://www.fda.gov/ohrms/dockets/ac/08/briefing/2008-
0038b1_01_02_FDA%20BPA%20Draft%20Assessment.pdf (Access at 2013-12-18).

FDA (U.S. Food and Drug Administration) (2012). Guidance for Industry. Limiting the Use of Certain
Phthalates as Excipients in CDER-Regulated Products. U.S. Department of Health and Human Services,
Food and Drug Administration, 2012. Available at:
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/Guidances/UCM294086.
pdf (Access at 2014-04-16).

Ferguson, K.K.; Loch-Caruso, R.; Meeker, J.D. (2011). Urinary phthalate metabolites in relation to
biomarkers of inflammation and oxidative stress: NHANES 1999-2006. Environ Res 111, 718-726.

Ferguson, K.K.; Loch-Caruso, R.; Meeker, J.D. (2012). Exploration of Oxidative Stress and
Inflammatory Markers in Relation to Urinary Phthalate Metabolites: NHANES 1999-2006. Environ Sci
Technol 46, 477-485.



307

Fierens, T.; Servaes, K.; Van Holderbeke, M.; Geerts, L.; De Henauw, S.; Sioen, |.; Vanermen, G.
(2012). Analysis of phthalates in food products and packaging materials sold on the Belgian market. Food
Chem Toxicol 50, 2575-2583.

Fisher, J.S. (2004). Environmental anti-androgens and male reproductive health: focus on phthalates and
testicular dysgenesis syndrome. Reproduction 127, 305-315.

Frederiksen, H.; Aksglaede, L.; Sorensen, K.; Skakkebaek, N.E.; Juul, A.; Andersson, A.-M. (2011).
Urinary excretion of phthalate metabolites in 129 health Danish children and adolescents: Estimation of
daily phthalate intake. Environ Res 111, 656-663.

Frederiksen, H.; Sgrensen, K.; Mouritsen, A.; Aksglaede, L.; Hagen, C.P.; Petersen, J.H.;
Skakkebaek, N.E.; Andersson, A.-M.; Juul, A. (2012). High urinary phthalate concentration associated
with delayed pubarche in girls. Int 3 Androl 35,216-226.

Frederiksen, H.; Nielsen, J.K.S.; Marck, T.A.; Hansen, P.W.; Jensen, J.F.; Nielsen, O.; Andersson,
A.-M.; Knudsen, L.E. (2013). Urinary excretion of phthalate metabolites, phenols and parabens in rural
and urban Danish mother-child pairs. Int J Hyg and Environ Health 216, 772-783.

Fromme, H.; Bolte, G., Koch, H.M.; Angerer, J.; Boehmer, S.; Drexler, H.; Mayer, R.; Liebl, B. (2007).
Occurrence and daily variation of phthalate metabolites in the urine of an adult population. Int J Hyg
Environ Health 210, 21-33.

Fromme, H.; Boehmer, S.; Bolte, G.; Schlummer, M.; Gruber, L.; Ungewiss, J. (2009). Untersuchung
von Kapselhillen von Nahrungsergadnzungs- und Arzneimitteln auf Phthalate. Bavarian Health and Food
Safety Authority, OberschleilZheim, Germany. Available at:
http://www.lgl.bayern.de/gesundheit/arbeitsplatz_umwelt/projekte_a_z/doc/bericht_kapseln_kurz.pdf
(Access at 2014-04-16) (in German).

Fromme, H.; Gruber, L.; Schuster, R.; Schlummer, M.; Kiranoglu, M.; Bolte, G.; Vdélkel, W. (2013).
Phthalate and di-(2-ethylhexyl) adipate (DEHA) intake by German infants based on the results on a
duplicate diet study and biomonitoring data (INES 2). Food Chem Toxicol 53, 272-280.

Galloway, T.; Cipelli, R.; Guralnik, J.; Ferrucci, L.; Bandinelli, S.; Corsi, A.M.; Money, C.;
McCormack, P.; Melzer, D. (2010). Daily Bisphenol A Excretion and Associations with Sex Hormone
Concentrations: Results from INCHIANTI Adult Population Study. Environ Health Perspect 118, 1603-
1608.

Geens, T.; Roosens, L.; Neels, H.; Covaci, A. (2009). Assessment of human exposure to Bisphenol-A,
Triclosan and Tetrabromobisphenol-A through indoor dust intake in Belgium. Chemosphere 76, 755-760.

Geens, T.; Aerts, D.; Berthot, C.; Bourguignon, J.-P.; Goeyens, L.; Lecomte, P.; Maghuin-Rogister,
G.; Pironnet, A.-M.; Pussemier, L.; Scippo, M.-L.; Van Loco, J.; Covaci, A. (2012). A review of dietary
and non-dietary exposure to bisphenol-A. Food Chem Toxikol 50, 3725-3740.

Geigy (1983). Wissenschaftliche Tabellen Geigy Band 1. Einheiten im Mel3wesen, Koérperflissigkeiten,
Organe, Energiehaushalt, Erndhrung. 8. Auflage. CIBA-Geigy AG, 1983 (in German).

Goodson, A.; Summerfield, W.; Cooper, |. (2002). Survey of bisphenol A and bisphenol F in canned
foods. Food Addit Contam 19 (8), 796-802.

Goodson, A.; Robin, H.; Summerfield, W.; Cooper, |. (2004). Migration of bisphenol A from can coatings
— effects of damage, storage conditions and heating. Food Addit Contam 21 (10), 1015-1026.

Gray Jr., L.E.; Ostby, J.; Furr, J.; Price, M.; Veeramachaneni, D.N.R.; Parks, L. (2000). Perinatal
Exposure to the Phthalates DEHP, BBP, and DINP, but Not DEP, DMP, or DOTP, Alters Sexual
Differentiation of the Male Rat. Toxicol Sci 58, 350-365.

Guo, Y.; Wu, Q.; Kannan, K. (2011). Phthalate metabolites in urine from China, and implications for
human exposures. Environ Int 37, 893-898.

Guo, Y.; Zhang, Z,; Liu, L.; Li, Y.; Ren, N.; Kannan, K. (2012). Occurrence and Profiles of Phthalates in
Foodstuffs from China and Their Implications for Human Exposure. J Agric Food Chem 60, 6913-6919.



308

Hannas, B.R.; Furr, J.; Lambright, C.S.; Wilson, V.S.; Foster, P.M.D.; Gray Jr., L.E. (2011). Dipentyl
Phthalate Dosing during Sexual Differentiation Disrupts Fetal Testis Function and Postnatal Development
of the Male Sprague-Dawley Rat with Greater Relative Potency than Other Phthalates. Toxicol Sci 120 (1),
184-193.

Hao, C.; Cheng, X.; Xia, H.; Ma, X. (2012). The endocrine disruptor mono-(2-ethylhexyl) phthalate
promotes adipocyte differentiation and induces obesity in mice. Biosci Rep 32, 619-629.

Harris, C.A.; Henttu, P.; Parker, M.G.; Sumpter, J.P. (1997). The Estrogenic Activity of Phthalate Esters
In Vitro. Environ Health Perspect 105, 802-811.

Hass, U.; Christiansen, S.; Axelstad, M.; Boberg, J. (2012). Evaluation of 22 SIN List 2.0 substances
according to the Danish proposal on criteria for endocrine disruptors. Danish Centre on Endocrine
Disruptors, May 2012.

Hatch, E.E.; Nelson, J.W.; Qureshi, M.M.; Weinberg, J.; Moore, L.L.; Singer, M.; Webster, T.F. (2008).
Association of urinary phthalate metabolite concentrations with body mass index and waist circumference:
a cross-sectional study of NHANES data, 1999-2002. Environ Health 7 (27), 1-15.

Hauser, R.; Calafat, A.M. (2005). Phthalates and human health. Occup Environ Med 62, 806-818.

Hauser, R.; Meeker, J.D.; Singh, N.P.; Silva, M.J.; Ryan, L.; Duty, S.; Calafat, A.M. (2007). DNA
damage in human sperm is related to urinary levels of phthalate monoester and oxidative metabolites.
Hum Reprod 22 (3), 688-695.

Hays, S.M.; Aylward, L .L.; Kirman, C.R.; Krishnan, K.; Nong, A. (2011). Biomonitoring Equivalents for
di-isononyl phthalate (DINP). Regul Toxicol Pharmacol 60, 181-188.

Heudorf, U.; Mersch-Sundermann, V.; Angerer, J. (2007). Phthalates: Toxicology and exposure. Int J
Hyg Environ Health 210, 623-634.

HHS (U.S. Department of Health and Human Services) (2001). Toxicological Profile For Di-n-butyl
Phthalate. U.S. Department of Health and Human Services, Public Health Service, Agency for Toxic
Substances and Disease Registry, September 2001.

Hogberg, J.; Hanberg, A.; Berglund, M.; Skerfving, S.; Remberger, M.; Calafat, A.M.; Filipsson, A.F.;
Jansson, B.; Johansson, N.; Appelgren, M.; Hakansson, H. (2009). Phthalate Diesters and Their
Metabolites in Human Breast Milk, Blood or Serum, and Urine as Biomarkers of Exposure in Vulnerable
Populations. Environ Health Perspect 116, 334-339.

Hohenblum, P.; Hutter, H.-P. (2011). Schadstoffe im Menschen. Ergebnisse einer Human-Biomonitoring-
Studie in Osterreich. Report-0324, Environmental Agency Austria, Vienna, Austria, 2011 (in German).

Hong, Y.-C.; Park, E.-Y.; Park, M.-S.; Ko, J.A.; Oh, S.-Y.; Kim, H.; Lee, K.-H.; Leem, J.-H.; Ha, E.-H.
(2009). Community level exposure to chemicals and oxidative stress in adult population. Toxicol Lett 184,
139-144.

Hoppin, J.A.; Brock, J.W.; Davis, B.J.; Baird, D.D. (2002). Reproducibility of Urinary Phthalate
Metabolites in First Morning Urine Samples. Environ Health Perspect 110, 515-518.

Hoppin, J.A.; Ulmer, R.; London, S.J. (2004). Phthalate Exposure and Pulmonary Function. Environ
Health Perspect 112, 571-574.

HSDB (Hazard Substance Data Bank) (2009a). Diamyl phthalate. National Library of Medicine, National
Institutes of Health, USA, 20009. Available at: http://toxnet.nim.nih.gov/cgi-
bin/sis/search/a?dbs+hsdb:@term+@DOCNO+302 (Access at 2013-11-12).

HSDB (Hazard Substance Data Bank) (2009b). Dicyclohexyl Phthalate. National Library of Medicine,
National Institutes of Health, USA, 2009. Available at: http://toxnet.nlm.nih.gov/cgi-
bin/sis/search/f?./temp/~0sp5xW:1 (Access at 2014-01-13).

Hsu, N.-Y.; Lee, C.-C.; Wang, J.-Y.; Li, Y.-C.; Chang, H.-W.; Chen, C.-Y.; Bornehag, C.-G.; Wu, P.-C;
Sundell, J.; Su, H.-J. (2012). Predicted risk of childhood allergy, asthma, and reported symptoms using
measured phthalate exposure in dust and urine. Indoor Air 22, 186-199.

IHCP (Institute for Health and Consumer Protection) (n.r.). ESIS: European Chemical Substance
Information System. Available at: http://esis.jrc.ec.europa.eu/ (Accesses between 2012 and 2014).



309

IHS (2012). Plasticizers. Available at: http://www.ihs.com/products/chemical/planning/ceh/plasticizers.aspx
(Access at 2014-01-09).

Itoh, H.; Yoshida, K.; Masunaga, S. (2005). Evaluation of the effect of governmental control of human
exposure to two phthalates in Japan using a urinary biomarker approach. Int J Hyg Environ Health 208,
237-245.

ITRI (Industrial Technology Research Institute) (2011). France to Enforce Total Ban on Bisphenol A
(BPA) in All Food Packaging. 13 October 2011. Available at:
http://www.itri.co.uk/index.php?option=com_zoo&task=item&item_ id=2223&Itemid=179 (Access at 2012-
06-13).

Jaakkola, J.J.K and Knight, T.L. (2008). The Role of Exposure to Phthalates from Polyvinyl Chloride
Products in the Development of Asthma and Allergies: A Systematic Review and Meta-analysis. Environ
Health Perspect 116, 845-853.

Jaakkola, J.J.K.; Oie, L.; Nafstad, P; Botten, G.; Samuelsen, S.O.; Magnus, P. (1999). Interior Surface
Materials in the Home and the Development of Bronchial Obstruction in Young Children in Oslo, Norway.
Am J Public Health 89, 118-192.

Jekins, S.; Wang, J.; Eltoum, I.; Desmond, R.; Lamartiniere, C.A. (2011). Chronic Oral Exposure to
Bisphenol A Results in a Nonmonotonic Dose Response in Mammary Carcinogenesis and Metastasis in
MMTV-erbB2 Mice. Environ Health Perspect 119:1604-1609.

Jobling, S.; Reynolds, T.; White, R.; Parker, M.G.; Sumpter, J.P. (1995). A Variety of Environmentally
Persistent Chemicals, Including Some Phthalate Plasticizers, Are Weakly Estrogenic. Environ Health
Perspect 103, 582-587.

Jonsson, B.A.; Richthoff, J.; Rylander, L.; Giwercman, A.; Hagmar, L. (2005). Urinary phthalate
metabolites and biomarkers of reproductive function in young men. Epidemiology 2005; 16 (4), 487-493
(PubMed Abstract).

Kang, J.H.; Kito, K.; Kondo, F. (2003). Factors influencing the migration of bisphenol A from cans. J
Food Prot 66 (8), 1444-1447 (Pubmed Abstract).

Kang, J.-H.; Kondo, F. (2002). Bisphenol A migration from cans containing coffee and caffeine. Food
Addit Contam 19 (9), 886-890.

Kato, K.; Yoshimura, Y.; Nakazawa, H. (2002). Preparation of Samples for Gas Chromatography/Mass
Spectrometry Analysis of Phthalate and Adipate Esters in Plasma and Beverages by Steam Distillation
and Extraction. J AOAC Int 85 (3), 719-723.

Kelley, K.E.; Hernandez-Diaz, S.; Chaplin, E.L.; Hauser, R.; Mitchell, A.A. (2012). Identification of
Phthalates in Medications and Dietary Supplement Formulations in the United States and Canada. Environ
Health Perspect 120 (3), 379-384.

Kessler, W.; Numtip, W.; Vdlkel, W.; Seckin, E.; Csanady, G.A.; Putz, C.; Fromme, H.; Filser, J.G.
(2012). Blood burden of di(2-ethylhexyl) phthalate (DEHP) and its metabolite mono(2-ethylhexyl) phthalate
and urinary excretion of DEHP metabolites in male volunteers following oral intake of deuterated DEHP.
Toxicol Appl Pharmacol 264, 284-291.

Kim, Y.-H.; Kim, C.-S.; Park, S.; Han, S.Y.; Pyo, M.-Y.; Yang, M. (2003). Gender differences in the levels
of bisphenol A metabolites in urine. Biochem Biophys Res Commun 312, 441-448.

Klaasen, C.D. (Ed.) (2013). Casarett & Doull’s Toxikology: The Basic Science of Poisons. 8" Edition,
McGraw-Hill Education, New York City, USA.

Koch, H.M., Drexler, H.; Angerer, J. (2003). An estimation of the daily intake of di(2-ethylhexyl)phthalate
(DEHP) and other phthalates in the general population. Int J Hyg Environ Health 206, 77-83.

Koch, H.M.; Angerer, J. (2007). Di-iso-nonylphthalate (DINP) metabolites in human urine after a single
dose of deuterium-labelled DINP. Int J Hyg Environ Health 210, 9-19.

Koch, H.M.; Angerer, J. (2012). Phthalates: Biomarkers and Human Biomonitoring. In: Knudsen, L.E.;
Merlo, D.F. (Ed.). Biomarkers and Human Biomonitoring. Volume 1: Ongoing Programs and Exposures.
Issues in Toxicology No. 9, p. 179-233. The Royal Society of Chemistry, Cambridge, UK, 2012.



310

Koch, H.M.; Becker, K.; Wittassek, M.; Seiwert, M.; Angerer, J.; Kolossa-Gehring, M. (2007). Di-n-
butylphthalate and butylbenzylphthalate — urinary metabolite levels and estimated daily intakes: pilot study
for the German Environmental Survey on Children. J Expo Sci Environ Epidemiol 17, 378-387.

Koch, H.M.; Bolt, H.M .; Preuss, R.; Angerer, J. (2005). New metabolites of di(2-ethylhexyl)phthalate
(DEHP) in human urine and serum after single oral doses of deuterium-labelled DEHP. Arch Toxicol 79,
367-376.

Koch, H.M.; Calafat, A.M. (2009). Human body burdens of chemicals used in plastic manufacture. Philos
Tran R Soc Lond B: Biol Sci 364, 2063-2078.

Koch, H.M.; Christensen, K.L.Y.; Harth, V.; Lorber, M.; Brining, T. (2012a). Di-n-butyl phthalate
(DnBP) and diisobutyl phthalate (DiBP) metabolism in a human volunteer after single oral doses. Arch
Toxicol 86, 1829-1839.

Koch, H.M.; Kolossa-Gehring, M.; Schréter-Kermani, C.; Angerer, J.; Brining, T. (2012b). Bisphenol
A in 24h urine and plasma samples of the German Environmental Specimen Bank from 1995 to 2009: A
retrospective exposure evaluation. J Expo Sci Environ Epidemiol 22 (6), 610-616.

Koch, H.M.; Lorber, M.; Angerer, J.; Brining, T. (n.r.). Di-n-butylphthalat (DnBP) und Di-iso-
butylphthalat (DiBP): Neue Biomarker der Exposition fir zwei ungleiche Briider. Institute for Prevention
and Occupational Medicine of the German Social Accident Insurance of the Ruhr University Bochum,
Germany. Available at: http://www.ipa.ruhr-uni-bochum.de/image/poster/305.pdf (Access at 2013-02-19)
(in German).

Koch, H.M.; Muller, J.; Angerer, J. (2007). Determination of secondary, oxidised di-iso-nonylphthalate
(DINP) metabolites in human urine representative for exposure to commercial DINP plasticizers. J
Chromatogr B 847, 114-125.

Koch, H.M.; Preuss, R.; Angerer, J. (2006). Di(2-ethylhexyl)phthalate (DEHP). Human metabolism and
internal exposure — an update and latest results. Int J Androl 29, 155-165.

Koch, H.M.; Rossbach, B.; Drexler, H.; Angerer, J. (2003). Internal exposure of the general population
to DEHP and other phthalates--determination of secondary and primary phthalate monoester metabolites
in urine. Environ Res 93, 177-185.

Koch, H.M.; Wittassek, M.; Brining, T.; Angerer, J.; Heudorf, U. (2011). Exposure to phthalates in 5-6
year old primary school starters in Germy — A human biomonitoring study and a cumulative risk
assessment. Int J Hyg Environ Health 214, 188-195.

Kolarik, B.; Naydenov, K.; Larsson, M.; Bornehag, C.-G.; Sundell, J. (2008). The Association between
Phthalates in Dust and Allergic Diseases among Bulgaria Children. Environ Health Perspect 116, 98-103.

Kormeyer-Hauschild, K.; Wabitsch, M.; Kunze, D.; Geller, F.; Geil3, H.C.; Hesse, V.; von Hippel, A.;
Jaeger, U.; Johnsen, D.; Korte, W.; Menner, K.; Muller, J.M.; Niemann-Pilatus, A.; Remer, T.;
Schaefer, F.; Wittchen, H.-U.; Zabransky, S.; Zellner, K.; Ziegler, A.; Hebebrand, J. (2001). Perzentile
fur den Body-mass-Index fir das Kindes- und Jugendalter unter Heranziehung verschiedener deutscher
Stichproben. Monatsschr Kinderheilkd 149 (8), 807-818 (in German).

Kortenkamp, A.; Faust, M. (2010). Combined exposures to anti-androgenic chemicals: steps towards
cumulative risk assessment. Int J Androl 33, 463-474.

Kortenkamp, A.; Martin, O.; Faust, M.; Evans, R.; McKinlay, R.; Orton, F.; Rosivatz, E. (2011). State
of the Art Assessment of Endocrine Disruptors Final Report. European Commission, 23.12.2011. Available
at: http://ec.europa.eu/environment/chemicals/endocrine/pdf/sota_edc_final_report.pdf (Access at 2014-
03-09).

Kranich, S.K.; Frederiksen, H.; Andersson, A.-M.; Jargensen, N. (2014). Estimated Daily Intake and
Hazard Quotients and Indices of Phthalate Diesters for Young Danish Men. Environ Sci Technol 48, 706-
712.

Kransler, K.M.; Bachman, A.N.; McKee, R.H. (2013). Estimates of daily di-isodecyl phthalate (DIDP)
intake calculated from urinary biomonitoring data. Regul Toxicol Pharmacol 65, 29-33.



311

Kubwabo, C.; Kosarac, |.; Stewart, B.; Gauthier, B.R.; Lalonde, K.; Lalonde, P.J. (2009). Migration of
bisphenol A from plastic baby bottles, baby bottle liners and reusable polycarbonate drinking bottles. Food
Addit Contam 26 (6) 928-937.

Kuiper, G.G.J.M.; Lemmen, J.G.; Carlsson, B.; Corton, J.C.; Safe, S.H.; Van der Saag, P.T.; Van der
Burg, B.; Gustafsson, J.- A. (1998). Interaction of Estrogenic Chemicals and Phytoestrogens with
Estrogen Receptor 3. Endocrinol 139 (10), 4252-4263.

Lakind, J.S.; Naiman, D.Q. (2008). Bisphenol A (BPA) daily intakes in the United States: Estimates from
the 2003-2004 NHANES urinary BPA data. J Exp Sci Environ Epidemiol 18, 608-615.

Lakind, J.S.; Naiman, D.Q. (2011). Daily intake of bisphenol A and potential sources of exposure: 2005-
2006 National Health and Nutrition Examination Survey. J Expo Sci Environ Epidemiol 21 (3), 272-279.

Langer, S.; Bekd, G.; Weschler, C.J.; Brive, L.M.; Toftum, J.; Callesen, M.; Clausen, G. (2014).
Phthalate metabolites in urine samples from Danish children and correlation with phthalates in dust
samples from their homes and daycare centers. Int J Hyg and Environ Health 217 (1), 78-87.

Latini, G.; De Felice, C.; Presta, G.; Del Vecchio, A.; Paris, I.; Ruggieri, F.; Mazzeo, P. (2003). In Utero
Exposure to Di-(2-ethylhexyl)phthalate and Duration of Human Pregnancy. Environ Health Perspect 111,
1783-1785.

Latini, G.; Gallo, F.; Dipaola, L.; De Angelis, S.; Olivieri, A. (2014). Pre- plus postnatal exposures to di-
(2-ethylhexyl)-phthalate and thyroid dysfunction in prematurely born children. J Endocrinol Invest 37, 97-
98.

Lee, H.J.; Chattopadhyay, S.; Gong, E.-Y.; Ahn, R.S.; Lee, K. (2003). Antiandrogenic Effects of
Bisphenol A and Nonylphenol on the Function of Androgen Receptor. Toxicol Sci 75, 40-46.

LFU (Bayrisches Landesamt fiur Umwelt) (Ed.) (2012). Stoffinformation zu besonders
besorgniserregenden Stoffen: Phthalate. Available at:
http://www.Ifu.bayern.de/umweltwissen/doc/uw_120_phthalate.pdf (Access at 2014-06-04) (in German).

Liao, C.; Kannan, K. (2011). High Levels of Bisphenol A in Paper Currencies from Several Countries, and
Implications for Dermal Exposure. Environ Sci Technol 45, 6761-6768.

Liao, C.; Kannan, K. (2012). Determination of Free and Conjugated Forms of Bisphenol A in Human Urine
and Serum by Liquid Chromatography — Tandem Mass Spectrometry. Environ Sci Technol 46, 5003-5009.

Liao, C.; Kannan, K. (2013). Concentrations and Profiles of Bisphenol A and Other Bisphenol Analogues
in Foodstuffs from the United States and Their Implications for Human Exposure. J Agric Food Chem 61,
4655-4662.

Lim, D.S.; Kwack, S.J.; Kim, K.-B.; Kim, H.S.; Lee, B.M. (2009). Risk Assessment of Bisphenol a
Migrated from Canned Foods in Korea. J Toxicol Environ Health Part A 72, 1327-1335.

Lin, S.; Ku, H.-Y.; Su, P.-H.; Chen, J.-W.; Huang, P.-C.; Angerer, J.; Wang, S.-L. (2011). Phthalate
exposure in pregnant women and their children in central Taiwan. Chemosphere 82, 947-955.

Lind, P.M.; Roos, V.; Ronn, M.; Johansson, L.; Ahlstrom, H.; Kullberg, J.; Lind, L. (2012). Serum
concentrations of phthalate metabolites are related to abdominal fat distribution two years later in elderly
women. Environ Health 11 (21), 1-8.

Liu, L.; Bao, H.; Liu, F.; Zhang, J.; Shen, H. (2012). Phthalates exposure of Chinese reproductive age
couples and its effect on male semen quality, a primary study. Environ Int 42, 78-83.

Lopez-Cervantes, J.; Paseiro-Losada, P. (2003). Determination of bisphenol A in, and its migration from,
PVC stretch film used for food packaging. Food Addit Contam 20 (6), 596-606.

Luks-Betlej, K.; Popp, P.; Janoszka, B.; Paschke, H. (2001). Solid-phase microextraction of phthalates
from water. J Chromatogr A 938, 93-101.

Main, K.M.; Mortensen, G.K.; Kaleva, M.M.; Boisen, K.A.; Damgaard, I.N.; Chellakooty, M.; Schmidt,
I.M.; Suomi, A.-M.; Virtanen, H.E.; Petersen, J.H.; Andersson, A.-M.; Toppari, J.; Skakkebaek, N.E.
(2006). Human Breast Milk Contamination with Phthalates and Alterations of Endogenous Reproductive
Hormones in Infants Three Months of Age. Environ Health Perspect 114, 270-276.



312

Mao, L.; Sun, C.; Zhang, H.; Li, Y.; Wu, D. (2004). Determination of environmental estrogens in human
urine by high performance liquid chromatography after fluorescent derivatization with p-nitrobenzoyl
chloride. Anal Chim Acta 522, 241-246.

Marsee, K.; Woodruff, T.J.; Axelrad, D.A.; Calafat, A.M.; Swan, S.H. (2006). Estimated Daily Phthalate
Exposures in a Population of Mothers of Male Infants Exhibiting Reduced Anogenital Distance. Environ
Health Perspect 114, 805-809.

Martinelli, M.l.; Mocchiutti, N.O.; Bernal, C.A. (2010). Effect of di(2-ethylhexyl) phthalate (DEHP) on
lipolysis and lipoprotein lipase activities in adipose tissue of rats. Hum Exp Toxicol 29 (9), 739-745.

Matsumoto, H.; Adachi, S.; Suzuki, Y. (2005). Bisphenol A in ambient air particulates responsible for the
proliferation of MCF-7 human breast cancer cells and its concentration changes over 6 months. Arch
Environ Contam Toxicol 48, 459-466.

McKee, R.H.; El-Hawari, M.; Stoltz, M.; Pallas, F.; Lington, A.W. (2002). Absorption, Disposition and
Metabolism of Di-isononyl Phthalate (DINP) in F-344 Rats. J Appl Toxicol 22, 293-302.

Meeker, J.D., Hu, H.; Cantonwine, D.E.; Lamadrid-Figueroa, H.; Calafat, A.M.; Ettinger, A.S,;
Hernandez-Avila, M.; Loch-Caruso, R.; Téllez-Rojo, M.M. (2009). Urinary Phthalate Metabolites in
Relation to Preterm Birth in Mexico City. Environ Health Perspect 117, 1587-1592.

Meeker, J.D.; Ferguson, K.K. (2011). Relationship between Urinary Phthalate and Bisphenol a
Concentrations and Serum Thyroid Measures in U.S. Adults and Adolescents from the National Health and
Nutrition Examination Survey (NHANES) 2007-2008. Environ Health Perspect 119, 1396-1402.

METI (Ministry of Economy, Trade and Industry Japan) (2003). Hazard assessment of dicyclohexyl
phthalate. Available at: http://www.meti.go.jp/english/report/downloadfiles/gED0304e.pdf (Access at 2014-
01-13).

Mielke, H.; Partosch, F.; Gundert-Remy, U. (2011). The contribution of dermal exposure to the internal
exposure of bisphenol A in man. Toxicol Lett 204, 190-198.

Mieritz, M.G.; Frederiksen, H.; Sgrensen, K.; Aksglaede, L.; Mouritsen, A.; Hagen, C.P.; Skakkebaek,
N.E.; Andersson, A.-M.; Juul, A. (2012). Urinary phthalate excretion in 555 healthy Danish boys with and
without pubertal gynaecomastia. Int J Androl 35, 227-235.

Modick, H.; Schitze, A.; Palmke, C.; Weiss, T.; Brining, T.; Koch, H.M. (2013). Rapid determination of
N-acetyl-4-aminophenol (paracetamol) in urine by tandem mass spectrometry coupled with on-line clean-
up by two dimensional turbulent flow/reversed phase liquid chromatography. J Chromatogr B 925, 33-39.

Montuori, P.; Jover, E.; Morgantini, M.; Bayona, J.M.; Triassi, M. (2008). Assessing human exposure
to phthalic acid and phthalate esters from mineral water stored in polyethylene terephthalate and glass
bottles. Food Addit Contam 25 (4), 511-518.

Moore, N.P. (2000). The oestrogenic potential of the phthalate esters. Reprod Toxicol 14, 183-192.

Moriyama, K.; Tagami, T.; Akamizu, T.; Usui, T.; Saijo, M.; Kanamoto, N.; Hataya, Y.; Shimatsu, A.;
Kuzuya, H.; Nakao, K. (2002). Thyroid Hormone Action Is Disrupted by Bisphenol A as an Antagonist. J
Crin Endocrinol Metab 87 (11), 5185-5190.

Munguia-Lépez, E.M.; Gerardo-Lugo, S.; Peralta, E.; Bolumen, S.; Soto-Valdez, H. (2005). Migration
of bisphenol A (BPA) from can coatings into fatty-food stimulant and tuna fish. Food Addit Contam 22 (9),
892-898.

Nagel, S.C.; Bromfield, J.J. (2013). Bisphenol A: A Model Endocrine Disrupting Chemical With a New
Potential Mechanism of Action. Endocrinol 154 (6), 1962-1964.

Nativelle, C.; Picard, K.; Valentin, I.; Lhuguenot, J.C.; Chagnon, M.C. (1999). Metabolism of N-Butyl
Benzyl Phthalate in the Female Wistar Rat. Identification of New Metabolites. Food Chem Toxicol 37, 905-
917.

Navarro, R.; Perrino, M.P.; Taradajos, M.G.; Reinecke, H. (2010). Phthalate Plasticizers Covalently
Bound to PVC: Plasticization with Suppressed Migration. Macromolecules 43, 2377-2381.



313

NCBI (National Center for Biotechnology Information) (2013). PubChem Compound Summary for di-n-
pentyl phthalate. Available at: http://pubchem.ncbi.nim.nih.gov/summary/summary.cgi?cid=8561 (Access
at 2013-12-18).

NCBI (National Center for Biotechnology Information) (2014). PubChem Compound Summary for
mono-n-octyl phthalate. Available at: http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=79362
(Access at 2014-06-11).

Newbold, R.R. (2010). Impact of environmental endocrine disrupting chemicals on the development of
obesity. Hormones 9 (3), 206-217.

Nishihara, T.; Nishikawa, J.; Kanayama, T.; Dakeyama, F.; Saito, K.; Imagawa, M.; Takatori, S.;
Kitagawa, Y.; Hori, S.; Utsumi, H. (2000). Estrogenic Activities of 517 Chemicals by Yeast Two-Hybrid
Assay. J Health Sci 46 (4), 282-298.

NRC (National Research Council) (2008). Phthalates and Cumulative Risk Assessment The Task
Ahead. Washington, DC, The National Academies Press, 2008.

OEHHA (Office of Environmental Health Hazard Assessment) (2006). Proposition 65 Maximum
Allowable Dose Level (MADL) for Reproductive Toxicity for Di(2-ethylhexyl)phthalate (DEHP) by Oral
Exposure. OEHHA Reproductive and Cancer Hazard Assessment Section, April 2006.

Okada, H.; Tokunaga, T.; Liu, X.; Takayanagi, S.; Matsushima, A.; Shimohigashi, Y. (2008). Direct
Evidence Revealing Structural Elements Essential for the High Binding Ability of Bisphenol A to Human
Estrogen-Related Receptor-y. Environ Health Perspect 116, 32-38.

Ouchi, K.; Watanabe, S. (2002). Measurement of bisphenol A in human urine using liquid
chromatography with multi-channel coulometric electrochemical detection. J Chromatogr B 780, 365-370.

Ozaki, A.; Yamaguchi, Y.; Fujita, T.; Kuroda, K.; Endo, G. (2004). Chemical analysis and
genotoxicological safety assessment of paper and paperboard used for food packaging. Food Chem
Toxicol 42, 1323-1337.

Pant, N.; Pant, A.B.; Shukla, M.; Mathur, N.; Gupta, Y.K.; Saxena, D.K. (2010). Environmental and
experimental exposure of phthalates esters: The toxicological consequence on human sperm. Hum Exp
Toxicol 30 (6), 507-514.

Parks, L.G.; Ostby, J.S.; Lambright, C.R.; Abbott, B.D.; Klinefelter, G.R.; Barlow, N.J.; Gray Jr., L.E.
(2000). The Plasticizer Diethylhexyl Phthalate Induce Malformations by Decreasing Fetal Testosterone
Synthesis during Sexual Differentiation in the Male Rat. Toxicol Sci 58, 339-349.

Perera, F.; Vishnevetsky, J.; Herbstman, J.B.; Calafat, A.M.; Xiong, W.; Rauh, V.; Wang, S. (2012).
Prenatal Bisphenol A Exposure and Child Behavior in an Inner City Cohort. Environ Health Perspect 120
(8), 1190-1194.

Peters, R.J.B. (2006). Man-Made Chemicals in Food Products. TNO report 2006-A-R0095/B version 2,
Netherlands Organisation for Applied Scientific Research, 2006.

Petersen, G.; Rasmussen, D.; Gustavson, K. (2007). Study on enhancing the Endocrine Disrupter
priority list with a focus on low production volume chemicals. Appedix L Updated ranked priority list.
Available at: http://ec.europa.eu/environment/chemicals/endocrine/pdf/final_report_2007.pdf (Access at
2014-06-10).

PlasticsEurope (2007). Applications of Bisphenol A. Available at: http://www.bisphenol-a-
europe.org/uploads/BPA%20applications.pdf (Access at 2014-06-11).

PlasticsEurope (2010). Authorisation under REACH. Information on BPA-based materials. Fact Sheet
Authorisation under REACH, 0410, 1-2.

PlasticsEurope (2011). Questions & Answers about REACH and BPA. Fact Sheet Q&A REACH and
BPA, 0311, 1-3.

PlasticsEurope  (2013). Bisphenol-A und REACH. Available at: http://www.bisphenol-a-
europe.org/index.php?page=reach-3 (Access at 2013-11-29) (in German).

Poulsen, O.M.; Holst, E.; Christensen, J.M. (1997). Calculation and application of confidence and
tolerable intervals for biological reference values. Technical Report. Pure Appl Chem 69, 1601-1611.



314

Prasanth, G.K.; Divya, L.M.; Sadasivan, C. (2010). Bisphenol-A can bind to human glucocorticoid
receptor as an agonist: and in silico study. J Appl Toxicol 30, 769-774.

Preuss, R.; Koch, H.M.; Angerer, J. (2005). Biological monitoring of the five major metabolites of di-(2-
ethylhexyl)phthalate (DEHP) in human urine using column-switching liquid chromatography-tandem mass
spectrometry. J Chromatogr B 816, 269-280.

Rathee, M.; Malik, P.; Singh, J. (2012). Bisphenol A in dental sealants and its estrogen like effect. Indian
J Endocrinol Metab 16 (3), 339-342.

Remer, T.; Neubert, A.; Maser-Gluth, C. (2002). Anthropometry-based reference values for 24-h urinary
creatinine excretion during growth and their use in endocrine and nutritional research. Am J Clin Nutr 75,
561-569.

Rogers, J.A.; Metz, L.; Yong, V.W. (2013). Review: Endocrine disrupting chemicals and immune
responses: A focus on bisphenol-A and its potential mechanisms. Mol Immunol 53, 421-430.

Rudel, R.A.; Camann, D.E.; Spengler J.D.; Korn, L.R.; Brody, J.G. (2003). Phthalates, alkylphenols,
pesticides, polybrominated diphenyl ethers, and other endocrine-disrupting compounds in indoor air and
dust. Environ Sci Technol 37, 4543-4555.

Rudel, R.A.; Gray, J.M.; Engel, C.L.; Rawsthorne, T.W.; Dodson, R.E.; Ackerman, J.M.; Rizzo, J;
Nudelman, J.L.; Brody, J.G. (2011). Food Packaging and Bisphenol A and Bis(2-Ethylhexyl) Phthalate
Exposure: Findings from a Dietary Intervention. Environ Health Perspect 119, 914-920.

Rusyn, |.; Peters, J.M.; Cunningham, M.L. (2006). Modes of Action and Species-Specific Effects of Di-
(2-ethylhexyl)Phthalate in the Liver. Crit Rev Toxicol, 36, 459-479.

Sajiki, J.; Miyamoto, F.; Fukata, H.; Mori, C.; Yonekubo, J.; Hayakawa, K. (2007). Bisphenol A (BPA)
and its source in Japanese markets. Food Addit Contam 24 (1), 103-112.

Saravanabhavan, G.; Guay, M.; Langlois, E.; Giroux, S.; Murray, J.; Haines, D. (2013). Biomonitoring
of phthalate metabolites in the Canadian population through the Canadian Health Measures Survey (2007 -
2009). Int J Hyg and Environ Health 216, 652-661.

Saravanabhavan, G.; Murray, J. (2012). Human Biological Monitoring of Diisononyl Phthalate and
Diisodecyl! Phthalate: A Review. J Environ Public Health, doi: 10.1155/2012/810501.

Sasaki, N.; Okuda, K.; Kato, T. (2005). Salivary bisphenol-A level detected by ELISA after restoration
with composite resin. J Mater Sci Mater Med 16: 297-300.

Sattelberger, R. (n.r.). Human-Biomonitoring. Ubersicht und Ausblick. Federal Environmental Agency
Austria, Vienna. Available at:
http://www.umweltbundesamt.at/fileadmin/site/umweltthemen/gesundheit/Humanbiomonitoring.pdf
(Access at 2013-11-25) (in German).

Schettler, T. (2005). Phthalate Esters and Endocrine Disruption. Science and Environmental Health
Network, 2005. Available at: http://www.sehn.org/Endocrine_Disruption.html (Access at 2014-04-03).

Schettler, T. (2006). Human exposure to phthalates via consumer products. Int J Androl 29, 134-139.

Schlecter, A.; Malik, N.; Haffner, D.; Smith, S.; Harris, T.R.; Paepke, O.; Birnbaum, L. (2010).
Bisphenol A (BPA) in U.S. Food. Environ Sci Technol 44, 9425-9430.

Schlecter, A.; Lorber, M.; Guo, Y.; Wu, Q.; Yun, S.H.; Kannan, K.; Hommel, M.; Imran, N.; Hynan,
L.S.; Cheng, D.; Colacino, J.A.; Birnbaum, L.S. (2013). Phthalate Concentrations and Dietary Exposure
from Food Purchased in New York State. Environ Health Perspect 121, 473-479.

Schmid, P.; Schlatter, C. (1985). Excretion and metabolism of di(2-ethylhexyl)-phthalate in man.
Xenobiotica 15 (3), 251-256.

Schmidt, J.-S.; Schaedlich, K.; Fiandanese, N.; Pocar, P.; Fischer, B. (2012). Effects of Di(2-
ethylhexyl) Phthalate (DEHP) on Female Fertility and Adipogenesis in C3H/N Mice. Environ Health
Perspect 120, 1123-1129.

Schéning, G. (2010). Endocrine disruptors under REACH. 8. BfR Forum Verbraucherschutz, 20-21 April
2010. Available at: http://www.bfr.bund.de/cm/343/endocrine_disruptors_under_reach.pdf (Access at
2013-10-21).



315

Schéringhumer, K.; Cichna-Markl, M. (2007). Sample clean-up with sol-gel enzyme and immunoaffinity
columns for the determination of bisphenol A in human urine. J Chromatogr B 850, 361-369.

Seckin, E.; Fromme, H.; Volkel W. (2009). Determination of total and free mono-n-butyl phthalate in
human urine samples after medication of a di-n-butyl phthalate containing capsule. Toxicol Lett 188, 33-
37.

Sengupta, S.; Obiorah, I.; Maximov, P.Y.; Curpan, R.; Jordan, V.C. (2013). Molecular mechanism of
action of bisphenol and bisphenol A mediated by oestrogen receptor alpha in growth and apoptosis of
breast cancer cells. Brit J Pharmacol 169, 167-178.

Serddio, P; Nogueira, J.M.F (2006). Considerations on ultra-trace analysis of phthalates in drinking
water. Water Res 40, 2572-2582.

Sharpe, R.M. (2006). Pathways of endocrine disruption during male sexual differentiation and
masculinisation. Best Pract Res Clin Endocrinol Metab 20 (1), 91-110.

Silva, M.J.; Barr, D.B.; Reidy, J.A.; Kato, K.; Malek, N.A.; Hodge, C.C.; Hurtz Ill, D.; Calafat, A.M;
Needham, L.L.; Brock, J.W. (2003). Glucuronidation patterns of common urinary and serum monoester
phthalate metabolites. Arch Toxicol 77, 561-567.

Silva, M.J.; Barr, D.B.; Reidy, J.A.; Malek, N.A.; Hodge, C.C.; Caudill, S.P.; Brock, J.W.; Needham,
L.L.; Calafat, A.M. (2004). Urinary Levels of Seven Phthalate Metabolites in the U.S. Population from the
National Health and Nutrition Examination Survey (NHANES) 1999-2000. Environ Health Perspect 112,
331-338.

Silva, M.J.; Kato, K.; Gray, E.L.; Wolf, C.; Needham, L.L.; Calafat, A.M. (2005). Urinary metabolites of
di-n-octyl phthalate in rats. Toxicology 210, 123-133.

Silva, M.J.; Furr, J.; Samadar, E.; Preau Jr., J.L.; Gray, L.E.; Needham, L.L.; Calafat, A.M. (2011).
Urinary and serum metabolites of di-n-pentyl phthalate in rats. Chemosphere 82, 431-436.

Sgeborg, T.; Frederiksen, H.; Andersson, A.M. (2012). Cumulative risk assessment of phthalate
exposure of Danish children and adolescents using hazard index approach. IntJ Androl 35, 245-252.

Sgrensen, L.K. (2006). Determination of phthalates in milk and milk products by liquid
chromatography/tandem mass spectrometry. Rapid Commun Mass Spectrom 20, 1135-1143.

Spanier, A.J.; Kahn, R.S.; Kunselman, A.R.; Hornung, R.; Xu, Y., Calafat, A.M.; Lanphear, B.P.
(2012). Prenatal exposure to bisphenol A and child wheeze from birth to 3 years of age. Environ Health
Perspect 120 (6), 916-920).

Stahlhut, RW.; Van Wijngaarden, E.; Dye, T.D.; Cook, S.; Swan, S.H. (2007). Concentrations of
Urinary Phthalate Metabolites Are Associated with Increased Waist Circumference and Insulin Resistance
in Adult U.S. Males. Environ Health Perspect 115, 876-882.

Stroheker, T.; Cabaton, N.; Nourdin, G.; Régnier, J.-F.; Lhuguenot, J.-C.; Chagnon, M.-C. (2005).
Evaluation of anti-androgenic activity of di-(2-ethylhexyl)phthalate. Toxicology 208, 115-121.

Sungur, S.; Kéroglu, M.; Ozkan, A. (2014). Determination of bisphenol a migrating from canned food and
beverages in markets. Food Chem 142, 87-91.

Suzuki, Y.; Yoshinaga, J.; Mizumoto, Y.; Serizawa, S.; Shiraishi, H. (2012). Foetal exposure to
phthalate esters and anogenital distance in male newborns. Int J Androl 35, 236-244.

Svensson, K.; Hernandez-Ramirez, R.U.; Burguete-Garcia, A.; Cebrian, M.E.; Calafat, A.M;
Needham, L.L.; Claudio, L.; Lépez-Carillo, L. (2011). Phthalate exposure associated with self-reported
diabetes among Mexican women. Environ Res 111, 792-796.

Swan, S.H.; Main, K.M.; Liu, F.; Stewart, S.L.; Kruse, R.L.; Calafat, A.M.; Mao, C.S.; Redmon, J.B;
Ternand, C.L.; Sullivan, S.; Teague, J.L.; Study for Future Families Research Team. (2005).
Decrease in Anogenital Distance among Male Infants with Prenatal Phthalate Exposure. Environ Health
Perspect 113, 1056-1061.



316

Swedish Chemical Agency (2012). CLH report: Proposal for Harmonised Classification and Labelling
Based on Regulation (EC) No 1272/2008 (CLP Regulation) Annex VI, Part 2. Substance Name: Diisohexyl
phthalate (DIHP). CLH Report for Diisohexyl Phthalate - 68515-50-4, Version number 2, Swedish
Chemical Agency, Sundbyberg, Sweden, June 2012.

Takao, Y.; Lee, H.C.; Kohra, S.; Arizono, K. (2002). Release of Bisphenol A from Food Can Lining upon
Heating. J Health Sci 48 (4), 331-334.

Taylor, J.B.; Bittner, P.M. (1997). Toxicological Profile For Di-n-octylphthalate. U.S. Department of Health
and Human Services, Public Health Service, Agency for Toxic Substances and Disease Registry,
September 1997.

Teeguarden, J.; Hanson-Drury, S.; Fisher, J.W.; Doerge, D.R. (2013). Are typical human serum BPA
concentrations measurable and sufficient to be estrogenic in the general population? Food Chem Toxicol
62, 949-963.

Teitelbaum, S.L.; Mervish, N.; Moshier, E.L.; Vangeepuram, N.; Galvez, M.P.; Calafat, A.M.; Silva,
M.J.; Brenner, B.L.; Wolff, M.S. (2012). Associations between phthalate metabolite urinary
concentrations and body size measures in New York City Children. Environ Res 112, 186-193.

Teng, C.; Goodwin, B.; Shockley, K.; Xia, M.; Huang, R.; Norris, J.; Merrick, B.A.; Jetten, A.M,;
Austin, C.P.; Tice, R.R. (2013). Bisphenol A affects androgen receptor function via multiple mechanisms.
Chem-Biol Interact 203, 556-564.

Thomson, B.M.; Grounds, P.R. (2005). Bisphenol A in canned foods in New Zealand: An exposure
assessment. Food Addit Contam 22 (1), 65-72.

Tranfo, G.; Papaleo, B.; Caporossi, L.; Capanna, S.; De Rosa, M.; Pigini, D.; Corsetti, F.; Paci, E.
(2013). Urinary metabolite concentrations of phthalate metabolites in Central Italy healthy volunteers
determines by validated HPLC/MS/MS analytical method. Int J Hyg and Environ Health 216, 481-485.

Trasande, L.; Sathyanarayana, S.; Spanier, A.L.; Trachtman, H.; Attina, T.M.; Urbina, E.M. (2013a).
Urinary Phthalates Are Associated with Higher Blood Pressure in Childhood. J Pediatr 163, 747-53.

Trasande, L.; Attina, T.M.; Sathyanarayana, S.; Spanier, A.J.; Blustein, J. (2013b). Race/Ethnicity-
Specific Associations of Urinary Phthalates with Childhood Body Mass in a National Representative
Sample. Environ Health Perspect 121, 501-206.

Tsai, M.-J.; Kuo, P.-L.; Ko, Y.-C. (2012). The association between phthalate exposure and asthma.
Kaohsiung J Med Sci 28, 28-36.

Tuomainen, A.; Seuri, M.; Sieppi, A. (2004). Indoor air quality and health problems associated with damp
floor coverings. Int Arch Occup Environ Health 77, 222-226.

U.S. EPA (U.S. Environmental Protection Agency) (1989). Risk Assessment Guidance for Superfund
Volume | Human Health Evaluation Manual (Part A). Chapter 8: Risk Characterisation. Office of
Emergency and Remedial Response, Washington, D.C, EPA/540/1-89/002, December 1989. Available at:
http://www.epa.gov/oswer/riskassessment/ragsa/pdf/ch8.pdf (Access at 2013-06-03).

U.S. EPA (U.S. Environmental Protection Agency) (2006). IUCLID Data Set dioctyl phthalate. Available
at: http://www.epa.gov/hpv/pubs/summaries/benzene/c13467rr3f.pdf (Access at 2013-02-20).

U.S. EPA (U.S. Environmental Protection Agency) (2007a). Bis(2-ethylhexyl) phthalate (DEHP).
Available at: http://www.epa.gov/ttnatw01/hlthef/eth-phth.htm| (Access at 2013-03-25).

U.S. EPA (U.S. Environmental Protection Agency) (2007b). Phthalates TEACH Chemical Summary.
Available at: http://www.epa.gov/teach/chem_summ/phthalates_summary.pdf (Access at 2013-06-18).

U.S. EPA (U.S. Environmental Protection Agency) (2012a). Frequent Questions. Integrated Risk
Information System (IRIS), September 2012. Available at: http://www.epa.gov/iris/help_ques.htm#rfd
(Access at 2013-06-04).

U.S. EPA (U.S. Environmental Protection Agency) (2012b). Bisphenol A. (CASRN 80-05-7). Available
at: http://www.epa.gov/iris/subst/0356.htm (Access at 2013-10-30).



317

U.S. EPA (U.S. Environmental Protection Agency) (2013). Substance Details — Diethyl phthalate.
Available at:
http://iaspub.epa.gov/sor_internet/registry/substreg/searchandretrieve/advancedsearch/search.do?details=
displayDetails&selectedSubstanceld=48877 (Access at 2013-03-25).

uhl, M.; Hohenblum, P.; Scharf, S.; Trimbacher, C. (2004). Hausstaub - Ein Indikator fir
Innenraumbelastung. Report BE-2004, Environmental Agency Austria, Vienna, Austria, 2004 (in German).

United Nations (2007). Annex 3. Codification of Hazard Statements, Codification and Use of
Precautionary  Statements and Examples of Precautionary Pictograms. Available at:
http://www.unece.org/fileadmin/DAM/trans/danger/publi/ghs/ghs_rev02/English/07e_annex3.pdf  (Access
at 2014-02-03).

Universitatsklinikum Ulm (2012). Umrechnungen/Berechnungen. Available at: http://www.uniklinik-
ulm.de/struktur/institute/klinische-
chemie/home/praeanalytik/umrechnungeninterpretation/umrechnungenberechnungen.html  (Access at
2013-02-08) (in German).

Vaidya, S.V.; Kulkarni, H. (2012). Association of urinary bisphenol A concentration with allergic asthma:
results from the National Health and Nutrition Examination Survey 2005-2006. J Asthma 49 (8), 800-806
(Pubmed Abstract).

Vandenberg, L.N.; Hauser, R.; Marcus, M.; Olea, N.; Welshons, W.V. (2007). Human exposure to
bisphenol A (BPA). Reprod Toxicol 24, 139-177.

Vandenberg, L.N.; Maffini, M.V.; Sonnenschein, C.; Rubin, B.S.; Soto, A.M. (2009). Bisphenol-A and
the Great Divide: A Review of Controversies in the Field of Endocrine Disruption. Endocr Rev 30 (1), 75-
95.

VKM (Norwegian Scientific Committee for Food Safety) (2005). Risk assessment of diethyl phthalate
(DEP) in cosmetics. Opinion of the Panel on Food Additives, Flavourings, Processing Aids, Materials in
contact with Food and Cosmetics of the Norwegian Scientific Committee for Food Safety. Norwegian
Scientific Committee for Food Safety, 05/406-8 final, 20 December 2005.

Volkel, W.; Colnot, T.; Csanédy, G.A.; Filser, J.G.; Dekant, W. (2002). Metabolism and Kinetics of
Bisphenol A in Humans at Low Doses Following Oral Administration. Chem Res Toxicol 15, 1281-1287.

Volkel, W.; Kiranoglu, M.; Fromme, H. (2008). Determination of free and total bisphenol A in human
urine to assess daily uptake as a basis for a valid risk assessment. Toxicol Lett 179, 155-162.

Vom Saal, F.S.; Nagel, S.C.; Coe, B.L.; Angle, B.M.; Taylor, J.A. (2012). The estrogenic endocrine
disrupting chemical bisphenol A (BPA) and obesity. Mol Cell Endocrinol 354, 74-84.

Wakui, S.; Shirai, M.; Motohashi, M.; Mutou, T.; Oyama, N.; Wempe, M.F.; Takahashi, H.; Inomata,
T.; Ikegami, M.; Endou, H.; Asari, M. (2014). Effects of in Utero Exposure to Di(n-butyl) Phthalate for
Estrogen Receptors a, 8, and Androgen Receptor of Leydig Cells on Rats. Toxicol Pathol 42: 877-887.

Wang, H.; Zhou, Y.; Tang, C.; He, Y.; Wu, J.; Chen, Y.; Jiang, Q. (2013). Urinary Phthalate Metabolites
Are Associated with Body Mass Index and Waist Circumference in Chinese School Children. PLoS One 8
(2), 56800, 1-9.

Wang, H.-X.; Zhou, Y.; Tang, C.-X.; Wu, J.-G.; Chen, Y.; Jiang, Q.-W. (2012a). Association between
bisphenol A exposure and body mass index in Chinese school children: a cross-sectional study. Environ
Health 11 (79), 1-9.

Wang, W.; Craig, Z.R.; Basavarajappa, M.S.; Hafner, K.S.; Flaws, J.A. (2012b). Mono-(2-Ethylhexyl)
Phthalate Induces Oxidative Stress and Inhibits Growth of Mouse Ovarian Antral Follicles. Biol Reprod 87
(6), 1-10.

Wang, W.; Craig, Z.R.; Basavarajappa, M.S.; Gupta, R.K.; Flaws, J.A. (2012c). Di (2-ethylhexyl)
phthalate inhibits growth of mouse ovarian antral follicles through an oxidative stress pathway. Toxicol
Appl Pharmacol 258, 288-295.

WHO (World Health Organisation) (2003). Diethyl Phthalate. Concise International Chemical
Assessment Document 52. World Health Organisation, Geneva, 2003.



318

Whyatt, R.M.; Liu, X.; Rauh, V.A.; Calafat, A.M.; Just, A.C.; Hoepner, L.; Diaz, D.; Quinn, J.; Adibi, J.;
Perera, F.P.; Factor-Litvak, P. (2012). Maternal Prenatal Urinary Phthalate Metabolite Concentrations
and Child Mental, Psychomotor, and Behavioral Development at 3 Years of Age. Environ Health Perspect
120, 290-295.

Wittassek, M.; Angerer, J. (2008). Phthalates: metabolism and exposure. Int J Andrology 31, 131-138.

Wittassek, M.; Heger, W.; Koch, H.M., Becker, K.; Angerer, J.; Kolossa-Gehring, M. (2007a). Daily
intake of di(2-ethylhexyl)phthalate (DEHP) by German children - A comparison of two estimation models
based on urinary DEHP metabolite levels. Int J Hyg Environ Health 210, 35-42.

Wittassek, M.; Wiesmiller, G.A.; Koch, H.M.; Eckard, R.; Dobler, L.; Muller, J.; Angerer, J.; Schllter,
C. (2007b). Internal phthalate exposure over the last two decades - A retrospective human biomonitoring
study. Int J Hyg Environ Health 210, 319-333.

Wittassek, M.; Koch, H.M.; Angerer, J.; Brining, T. (2011). Assessing exposure to phthalates — the
human biomonitoring approach. Mol Nutr Food Res 55, 7-31.

Wolff, M.S.; Teitelbaum, S.L.; Windham, G.; Pinney, S.M.; Britton, J.A.; Chelimo, C., Godbold, J.;
Biro, F.; Kushi, L.H.; Pfeiffer, C.M.; Calafat, A.M. (2007). Pilot Study of Urinary Biomarkers of
Phytoestrogens, Phthalates and Phenols in Girls. Environ Health Perspect 115, 116-121.

Wolff, M.S.; Engel, S.M.; Berkowitz, G.S.; Ye, X.; Silva, M.J.; Zhu, C.; Wetmur, J.; Calafat, A.M.
(2008). Prenatal Phenol and Phthalate Exposures and Birth Outcomes. Environ Health Perspect 116,
1092-1097.

Wolff, M.S.; Teitelbaum, S.L.; Pinney, S.M.; Windham, G.; Liao, L.; Biro, F.; Kushi, L.H.; Erdmann,
C.; Hiatt, R.A.; Rybak, M.E.; Calafat, A.M.; and the Breast Cancer and Environment Research
Centers (2010). Investigation of Relationships between Urinary Biomarkers of Phytoestrogens,
Phthalates, and Phenols and Pupertal Stages in Girls. Environ Health Perspect 118, 1039-1046.

Wormuth, M.; Scheringer, M.; Vollenweider, M.; Hungerbihler, K. (2006). What are the Sources to
Eight Frequently Used Phthalic Acid Esters in Europeans? Risk Anal 26 (3), 803-824.

Wu, M.-T.; Wu, C.-F.; Chen, B.-H.; Chen, E.K.; Chen, Y.-L.; Shiea, J.; Lee, W.-T.; Chao, M.-C.; Wu, J.-
R. (2013). Intake of Phthalate-Tainted Foods Alters Thyroid Functions in Taiwanese Children. Plos One 8
(1), e5505, 1-9.

Yamano, Y.; Miyakawa, S.; llzumi, K.; Itoh, H.; Iwasaki, M.; Tsugane, S.; Kagawa, J.; Nakadate, T.
(2010). Long-term study of urinary bisphenol A in elementary school children. Environmental Health Prev
Med 13, 332-337.

Yang, Y.J.; Hong, Y.-C.; Oh, S.-Y.; Park, M.-S.; Kim, H.; Leem, J.-H.; Ha, E.-H. (2009). Bisphenol A
exposure is associated with oxidative stress and inflammation in postmenopausal women. Environ Res
109, 797-801.

Ye, X.; Pierik, F.H.; Hauser, R.; Duty, S.; Angerer, J.; Park, M.M.; Burgdorf, A.; Hofman, A.; Jaddoe,
V.W.V.; Mackenbach, J.P.; Steegers, E.A.P.; Tiemeier, H.; Longnecker, M.P. (2008). Urinary
metabolite concentrations of organophosohorous pesticides, bisphenol A, and phthalates among pregnant
women in Rotterdam, Netherlands: The Generation R study. Environ Res 108, 260 - 267.

Ye, X.; Wong, L.-Y.; Bishop, A.M.; Calafat, A.M. (2011). Variability of Urinary Concentrations of
Bisphenol A in Spot Samples, First Morning Voids, and 24-Hour Collections. Environ Health Perspect 119,
983-988.

Yolton, K.; Xu, Y.; Strauss, D.; Altaye, M.; Calafat, A.M.; Khoury, J. (2011). Prenatal exposure to
bisphenol A and phthalates and infant neurobehaviour. Neurotoxicol Teratol 33, 558-566.

Yoshida, T.; Horie, M.; Hoshino, Y.; Nakazawa, H. (2001). Determination of bisphenol A in canned
vegetables and fruit by high performance liquid chromatography. Food Addit Contam 18 (1), 69-75.

Zeman, F.A.; Boudet, C.; Tack, K.; Barneaud, A.F.; Brochot, C.; Pery, AR.R.; Oleko, A,
Vandentorren, S. (2013). Exposure assessment of phthalates in French pregnant women: Results of the
ELFE pilot study. Int J Hyg and Environ Health 216, 271-279.



319

Zhang, Z.; Alomirah, H.; Cho, H.-S.; Li, Y.-F.; Liao, C.; Minh, T.B.; Mohd, M.A.; Nakata, H.; Ren, N.;
Kannan, K. (2011). Urinary Bisphenol A Concentrations and Their Implications for Human Exposure in
Several Asian Countries. Environ Sci Technol 45, 7044-7050.

Zhao, B.; Chu, Y.; Huang, Y.; Hardy, D.O.; Lin, S.; Ge, R.-S. (2010). Structure-dependent inhibition of
human and rat 11B-hydroxysteroid dehydrogenase 2 activities by phthalates. Chem-Biol Interact 183, 79-
84.



320

APPENDIX A — Participants’ questionnaire

The original questionnaires (in German) of the Austrian Study of Nutritional Status
(ASNS) provided from the Department of Nutritional Sciences (IfEW) of the University

of Vienna can be found on the digital media attached to this thesis.

APPENDIX B - EXPOSURE TO DIFFERENT POPULATIONS
PROVIDED FROM SEVERAL STUDIES

Appendix B.1: PHTHALATE METABOLITE EXPOSURE

In a multitude of scientific studies, exposure to phthalates was investigated in different
populations. The following tables show measured phthalate metabolite concentrations
in urine samples collected within more than the last two decades all over the world
(lists are not exhaustive). Data is sorted by metabolite(s) of the parent compound and

time of sample collection.
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DEP metabolite

Table 132. Urinary MEP concentrations [pg/l] (usually range and median) in adults published in

several studies (sample collection between 1988 and 2011)

Population (n) MEP DR LOD Method
Sampling year(s), (Reference) range (median) [%]
U.S.-American adults (240), males (100) and females Males: 0.5 — 16150 n.r. n.r. HPLC-MS
(140), age 20-60, taken from NHANES Il (spot urine) Females: 0.5 — 11192
1988-1994, (Hoppin, Uimer and London, 2004)
U.S.-American adults (289), age 20-60, 44% males and <LOD - 16200 (305) n.r. 1.0 HPLC-
56% females, collected as part of NHANES I MS/MS
1988-1994, (Blount et al., 2000)
African-American females (46) from Washington, DC, 57.9-1042.8 (211.4) 100 1.0 HPLC-
USA, age 35-49 (first morning urine) APCI-
1996-1997, (Hoppin et al., 2002) MS/MS
U.S.-American women (382) from New York City, USA <LOD — 44740 (380) 99.5 0.4 On-line
during 3" trimester of pregnancy, age 24+6.2 HPLC-
1998-2002, (Wolff et al., 2008) MS/MS
U.S.-American males (338) who are partners of subfertile (145) 100 1.21 HPLC-
couples, age 20-54 (spot urine) 164 (GM) MS/MS
2000-2003, (Duty et al., 2005) 1953 (P95)
Swedish primipara females (38), 2-3 weeks after delivery, 0.5-761 (35) n.r. 1.0 HPLC-ESI-
age 23-39 MS/MS
2001, (Hogberg et al., 2009)
German subjects (85) from Erlangen, males (32) and 5.4-2111 (90.2) 100 LOQ=2.0 LC/LC-
females (53), age 7-64 (first morning urine) MS/MS
2002, (Koch et al., 2003)
Dutch pregnant women (100) from Rotterdam, age 18-41 <LOD - 4330 (117) 97 1.0 HPLC-
2002-2006, (Ye et al., 2008) MS/MS
U.S.-American subjects (2697), 47.6% males and 52.4% 3.5 -46347 (207.9) >60 0.4 HPLC-
females, age 6-85, as part of NHANES 2003/2004 MS/MS
2003-2004, (Colacino, Harris and Schlecter, 2010)
US-American pregnant females (137) before and during Before: 98 (GM) n.r. 0.1-1 Online
pregnancy, age 18-45 (spot urine) During: 89 (GM) HPLC-
2004-2009, (Braun et al., 2012) MS/MS
Israeli pregnant women (19) from Jerusalem, age 24-41 19.1 — 3410 (165) 100 0.8 HPLC-ESI-
2006, (Berman et al., 2009) MS/MS
French pregnant women (279) from ELFE pilot study 6.3-1285.9 (43.5) 91.8 LOQ=7 LC-MS/MS
2007, (Zeman et al. 2013)
Male and female Canadian subjects (1208), age 20-49 60.8 (GM) >99 0.5 UPLC-
from Canadian Health Measures Survey 2007-2009 MS/MS
2007-2009, (Saravanabhavan et al., 2013)
Chinese subjects (183) from 3 cities in china: Guangzhou f: n.d. - 1850 (25.2) 100 0.1 HPLC-ESI-
(110), Shanghai (24) and Quiqihaer (49), males (84) and m: n.d. - 1330 (18.4) MS/MS

females (99), age <10 - >40 (spot urine)
2010, (Guo, Wu and Kannan, 2011)

Japanese pregnant women (111), age 33+4 (mean+SD), (7.75) 100 0.027 HPLC-
during the 9" and 40™ week of gestation (spot urine) MS/MS
n.r., (Suzuki et al., 2012)
Italian males (74) and females (83), age 29-47 f: (61) 98 3 HPLC-
n.r., (Tranfo et al., 2013) m: (73.2) MS/MS
Danish women (145) from urban and rural area, age 31-52 3.1-582 (29) 100 0.53 SPE-LC-
(first morning urine) MS/MS

2011, (Frederiksen et al., 2013)

Abbreviations: APCI, atmospheric-pressure chemical ionisation; DR, detection rate; ELFE, Etude Longitudinale Francaise
depuis 'Enfance; ESI, electrospray ionisation; GM, geometric mean; HPLC, high-performance liquid chromatography; LC, liquid
chromatography; LOD, limit of detection; LOQ, limit of quantitation; MEP, Monoethyl phthalate; MS, mass spectrometry; n,
sample size; n.d., not detected; NHANES, National Health and Nutriton Examination Survey; n.r., not reported; P95, 95"
percentile; SD, standard deviation; SPE, solid phase extraction; UPLC, ultra-performance liquid chromatography.
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Table 133. Urinary MEP concentrations [ug/l] (usually range and median) in children published in

several studies (sample collection between 2004 and 2011)

Population (n) MEP DR [%] LOD Method
Sampling year(s), (Reference) range (median)
U.S.-American young girls (90), age 6-9 5.3-2580 (83.2) 100 0.4 HPLC-
2004-2005, (Wolff et al., 2007) 75.7 (GM) MS/MS
U.S.-American children (379) from New York City, age 6-8, Females: (168.4) >97 n.r Online HPLC-
males (80) and females (299) (spot urine) Males: (191.2) MS/MS
2004-2008, (Teitelbaum et al., 2012)
Danish healthy girls (725) from Greater Copenhagen area, 2.2 -11490 (39) 100 0.53 SPE-ID-LC-
Denmark, age 5.6-19.1 (first morning urine) MS/MS
2006-2008, (Frederiksen et al., 2012)
Danish healthy boys (555) from Greater Copenhagen area, With PG: 9.56 — 100 0.53 SPE-ID-LC-
Denmark, age 6.07-19.83, with (38) and without (517) 817.4 (38.7) MS/MS
palpable gynaecomastia (PG) (first morning urine) Without PG: 2.71 —
2006-2008, (Mieritz et al., 2012) 12655 (36.24)
Male and female Canadian children (1037), age 6-11 from 25.9 (GM) >99 0.5 UPLC-
Canadian Health Measures Survey 2007-2009 MS/MS
2007-2009, (Saravanabhavan et al., 2013)
Male (240) and female (201) Danish children from the (16.6) 97.1 n.r LC-ESI-
Danish Indoor Environment and Children’s Health Study, MS/MS
age 3-6
2008-2009, (Langer et al., 2014)
Egyptian premenstrual females (57) from rural (29) and Urban: 9.7 - 7740 n.r. 0.2- HPLC-ESI-
urban (28) Gharbiah province, age 10-13 (spot urine) (98.8) 1.2 MS/MS
2009, (Colacino et al., 2011) Rural: 3.8 - 4290
(43.2)
Danish children (143) from urban and rural area, age 6-11 4.2 - 211 (20) 100 0.53 SPE-LC-
MS/MS

(first morning urine)
2011, (Frederiksen et al., 2013)

Abbreviations: DR, detection rate; ESI, electrospray ionization; GM, geometric mean; HPLC, high-performance liquid
chromatography; ID, isotope dilution; LC, liquid chromatography; LOD, limit of detection; MEP, Monoethyl phthalate; MS, mass
spectrometry; n, sample size; PG, palpable gynaecomastia; SPE, solid phase extraction; UPLC, ultra-performance liquid
chromatography.
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DnBP metabolite

Table 136. Urinary MnBP concentrations [pg/l] (usually range and median) in adults and children

published in several studies (sample collection between 1988 and 2011)

Population (n) MnBP DR LOD Method
Sampling year(s), (Reference) range (median) [%]
ADULTS
German students (634), age 20-29, females (326) and 7.2-2090 (112.0) 100 1.0 LC/LC-MS/MS
males (308) (24h-urine)
1988-2003, (Wittassek et al., 2007b)
U.S.-American pregnant women (319), age 18-35, 0.2-785 100 04-11 Online HPLC-
during the 3" trimester of pregnancy (spot urine) 38.0 (GM) MS/MS
1999-2006, (Whyatt et al., 2012)
Taiwanese pregnant women (100) from Central 1.41 -928 (52.39) 100 n.r. LC-MS/MS
Taiwan, age 25-35, during 3" trimester of pregnancy
2001-2002, (Lin et al., 2011)
Japanese pregnant women (111), age 33+4 (46.6) 100 0.157 HPLC-MS/MS
(mean+SD), during the 9™ and 40™ week of gestation
(spot urine)
n.r., (Suzuki et al., 2012)
French pregnant women (279) from ELFE pilot study 1.5-912.1 (35.7) 100 LOQ =2 LC-MS/MS
2007, (Zeman et al. 2013)
Male and female Canadian subjects (1208), age 20- 20.5 (GM) >99 0.2 UPLC-MS/MS
49 from Canadian Health Measures Survey 2007-
2009
2007-2009, (Saravanabhavan et al., 2013)
Italian males (74) and females (83), age 29-47 Females: (32.5) 99 0.8 HPLC-MS/MS
n.r., (Tranfo et al., 2013) Males: (41.2)
Danish women (145) from urban and rural area, age 1.9-180 (20) 100 1.43 SPE-LC-
31-52 (first morning urine) MS/MS
2011, (Frederiksen et al., 2013)
CHILDREN
U.S.-American young girls (90), age 6-9 0.3-363.0 (37.4) 97.8 0.4 HPLC-MS/MS
2004-2005, (Wolff et al., 2007)
German children (599), age 3-14 from GerES IV (first 1090, max (93.4) 100 1.0 LC/LC-MS/MS
morning urine)
2003-2006, (Becker et al., 2009)
Danish healthy girls (725) from Greater Copenhagen 1.5-571 (51) 100 1.4 SPE-ID-LC-
area, Denmark, age 5.6-19.1 (first morning urine) MS/MS
2006-2008, (Frederiksen et al., 2012)
Male (240) and female (201) Danish children from (80.1) 100 n.r. LC-ESI-
the Danish Indoor Environment and Children’s MS/MS
Health Study, age 3-6
2008-2009, (Langer et al., 2014)
Danish healthy boys (555) from Greater With PG: 6.78 - 110 100 1.4 SPE-ID-LC-
Copenhagen area, Denmark, age 6.07-19.83, with (44.28) MS/MS
(38) and without (517) palpable gynaecomastia (PG) Without PG: 5.68 - 569
(first morning urine) (45.14)
2006-2008, (Mieritz et al., 2012)
Male and female Canadian children (1037), age 6-11 33.1 (GM) >99 0.2 UPLC-MS/MS
from Canadian Health Measures Survey 2007-2009
2007-2009, (Saravanabhavan et al., 2013)
Egyptian premenstrual females (57) from rural (29) Urban: 100 n.r. HPLC-ESI-
and urban (28) Gharbiah province, age 10-13 (spot 5.0-375.0 (53.3) MS/MS
urine) .
] Rural:
2009, (Colacino et al., 2011) 3.5-809.0 (47.5)
Danish children (143) from urban and rural area, age 5.3-144.0 (32.0) 100 1.43 SPE-LC-
6-11 (first morning urine) MS/MS

2011, (Frederiksen et al., 2013)

Abbreviations: DR, detection rate; ELFE, Etude Longitudinale Francaise depuis I'Enfance; ESI, electrospray ionisation; GerES
IV, German Environmental Survey of Children 1V; GM, geometric mean; HPLC, high-performance liquid chromatography; 1D,
isotope dilution; LC, liquid chromatography; LOD, limit of detection; LOQ, limit of quantitation; max, maximum; MnBP, Mono-n-
butyl phthalate; MS, mass spectrometry; n, sample size; n.r., not reported; PG, palpable gynaecomastia; SD, standard

deviation; SPE, solid phase extraction; UPLC, ultra-performance liquid chromatography.
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Table 137. Urinary MiBP concentrations [ug/l] (usually range and median) in adults published in

several studies (sample collection between 1988 and 2011)

Population (n) MiBP DR [%] LOD Method
Sampling year(s), (Reference) range (median)
German students (634), age 20-29, females (326) and 5.4 - 588 (34.5) 100 1.0 LC/LC-
males (308) (24h urine) MS/MS
1988-2003, (Wittassek et al., 2007b)
U.S.-American women (382) from New York City, USA <LOD - 131 (6.2) 97.4 0.26 Online
during 3" trimester of pregnancy, age 24+6.2 HPLC-
1998-2002 (Wolff et al., 2008) MS/MS
U.S.-American pregnant women (319), age 18-35, during <LOD - 374 99.4 0.3- Online
the 3" trimester of pregnancy (spot urine) 9.3 (GM) 1.0 HPLC-
1999-2006, (Whyatt et al., 2012) MS/MS
Swedish primipara females (38), 2-3 weeks after delivery, 0.52 - 130 (16) n.r. 1.0 HPLC-ESI-
age 23-39 MS/MS
2001, (Hogberg et al., 2009)
Taiwanese pregnant women (100) from Central Taiwan, 1.02 - 269 (10.32) 100 n.r. LC-MS/MS
age 25-35, during 3" trimester of pregnancy
2001-2002, (Lin et al., 2011)
Dutch pregnant women (100) from Rotterdam, age 18-41 5.3-759 (42.1) 100 1.0 HPLC-
2002-2008, (Ye et al., 2008) MS/MS
U.S.-American subjects (2697), 47.6% males and 52.4% 0.2 - 359 (4.9) >60 0.26 HPLC-
females, age 6-85, as part of NHANES 2003/2004 MS/MS
2003-2004, (Colacino, Harris and Schlecter, 2010)
US-American pregnant females (137) before and during Before pregnancy: 8.7 n.r. 0.1- Online
pregnancy, age 18-45 (spot urine) (GM) 1 HPLC-
2004-2009, (Braun et al., 2012) During pregnancy: 9.5 MS/MS
(GM)
German subjects (50) from Munich and nearby rural and Females: 15.7 - 163.8 100 1.0 LC/LC-
suburban areas, males (23) and females (27), age 14-60 (36.1) MS/MS
(morning urine) Males: 23.1 - 119.7 (36.1)
2005, (Fromme et al., 2007)
Israeli pregnant women (19) from Jerusalem, age 24-41 <LOD - 69.6 (15.6) 95 0.3 HPLC-ESI-
2006, (Berman et al., 2009) MS/MS
French pregnant women (279) from ELFE pilot study 5.5-932.5 (53.7) 99.3 LOQ LC-MS/MS
2007, (Zeman et al. 2013) =
Chinese subjects (183) from 3 cities in china: Guangzhou Females: n.d. - 791 (51.7) 100 0.1 HPLC-ESI-
(110), Shanghai (24) and Quiqihaer (49), males (84) and Males: n.d. - 664 (70.2) MS/MS
females (99), age <10 - >40 (spot urine)
2010, (Guo, Wu and Kannan, 2011)
Danish women (145) from urban and rural area, age 31-52 3.7-321 (36) 100 1.1 SPE-LC-
(first morning urine) MS/MS

2011, (Frederiksen et al., 2013)

Abbreviations: DR, detection rate; ELFE, Etude Longitudinale Francaise depuis I'Enfance; ESI, electrospray ionization; GM,
geometric mean; HPLC, high-performance liquid chromatography; LC, liquid chromatography; LOD, limit of detection; LOQ, limit
of quantification; MiBP, Mono-iso-butyl phthalate; MS, mass spectrometry; n, sample size; NANHES, National Health and

Nutrition Examination Survey; n.d., not detected; n.r., not reported; SPE, solid phase extraction.
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Table 138. Urinary MiBP concentrations [ug/l] (usually range and median) in children published in

several studies (sample collection between 2003 and 2011)

Population (n) MiBP DR [%)] LOD Method
Sampling year(s), (Reference) range (median)
German children (599), age 3-14 from GerES IV (first 2050, max (88.1) 100 1.0 LC/LC-
morning urine) MS/MS
2003-2006, (Becker et al., 2009)
U.S.-American young girls (90), age 6-9 0.2-144.0(7.7) 96.7 0.26 HPLC-
2004-2005, (Wolff et al., 2007) MS/MS
U.S.-American children (379) from New York City, age 6-8, Females: (16.8) >97% n.r. Online
males (80) and females (299) (spot urine) Males: (22.0) HPLC-
2004-2008, (Teitelbaum et al., 2012) MS/MS
Danish healthy girls (725) from Greater Copenhagen area, 4.0 -1909 (81) 100 11 SPE-ID-LC-
Denmark, age 5.6-19.1 (first morning urine) MS/MS
2006-2008, (Frederiksen et al., 2012)
Danish healthy boys (555) from Greater Copenhagen area, = With PG: 13.23 - 196.1 100 11 SPE-ID-LC-
Denmark, age 6.07-19.83, with (38) and without (517) (68.5) MS/MS
palpable gynaecomastia (PG) (first morning urine) Without PG: 7.46 -
2006-2008, (Mieritz et al., 2012) 5684 (74.88)
Male (240) and female (201) Danish children from the (72.2) 100 n.r. LC-ESI-
Danish Indoor Environment and Children’s Health Study, MS/MS
age 3-6
2008-2009, (Langer et al., 2014)
Egyptian premenstrual females (57) from rural (29) and Urban: 0.7 - 184 (25.4) n.r 0.2- HPLC-ESI-
urban (28) Gharbiah province, age 10-13 (spot urine) Rural: 1.1 - 258 (17.6) 1.2 MS/MS
2009, (Colacino et al., 2011)
Chinese subjects (183) from 3 cities in china: Guangzhou Females: n.d. - 791 100 0.1 HPLC-ESI-
(110), Shanghai (24) and Quiqihaer (49), males (84) and (51.7) MS/MS
females (99), age <10 - >40 (spot urine) Males: n.d. - 664 (70.2)
2010, (Guo, Wu and Kannan, 2011)
Danish children (143) from urban and rural area, age 6-11 8.7-598 (54) 100 11 SPE-LC-
(first morning urine) MS/MS

2011, (Frederiksen et al., 2013)

Abbreviations: DR, detection rate; ESI, electrospray ionization; GerES 1V, German Environmental Survey for Children 1V; ID,
isotope ionization; HPLC, high-performance liquid chromatography; LC, liquid chromatography; LOD, limit of detection; max,
maximum; MiBP, Mono-iso-butyl phthalate; MS, mass spectrometry; n, sample size; n.d., not detected; n.r., not reported; PG,

palpable gynaecomastia; SPE, solid phase extraction.
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Table 139. Urinary MBzP concentrations [ug/l] (usually range and median) in children published in

several studies (sample collection between 2003 and 2011)

Population (n) MBzP DR LOD Method
Sampling year(s), (Reference) range (median) [%]
German children (599), age 3-14 as part of GerES IV (first 468 (max) LOQ = LC/LC-
morning urine) (18.1) 0.25 MS/MS
2003-2006, (Becker et al., 2009)
U.S.-American young girls (90), age 6-9 0.1-191 (22.2) 98.9 0.11 HPLC-
2004-2005, (Wolff et al., 2007) MS/MS
U.S.-American children (379) from New York City, age 6- Females: (28.4) >97 n.r. Online
8, males (80) and females (299) (spot urine) Males: (53.8) HPLC-
2004-2008, (Teitelbaum et al., 2012) MS/MS
Danish healthy girls (725) from Greater Copenhagen 1.7 - 825 (48) 100 11 SPE-ID-LC-
area, Denmark, age 5.6-19.1 (first morning urine) MS/MS
2006-2008, (Frederiksen et al., 2012)
Danish healthy boys (555) from Greater Copenhagen With PG: 10.77 — 346.2 100 11 SPE-ID-LC-
area, Denmark, age 6.07-19.83, with (38) and without (56.79) MS/MS
(517) palpable gynaecomastia (PG) (first morning urine) Without PG: 2.99 - 2863
2006-2008, (Mieritz et al., 2012) (47.7)
Male (240) and female (201) Danish children from the (13.0) 98 n.r. LC-ESI-
Danish Indoor Environment and Children’s Health Study, MS/MS
age 3-6
2008-2009, (Langer et al., 2014)
Egyptian premenstrual females (57) from rural (29) and Urban: 0.2 - 28.1 (2.2) n.r. 0.2- HPLC-ESI-
urban (28) Gharbiah province, age 10-13 (spot urine) Rural: 0.2 - 16.7 (0.4) 12 MS/MS
2009, (Colacino et al., 2011)
German subjects (85) from Erlangen, males (32) and 1.2-268 (21) 100 LOQ = LC/LC-
females (53), age 7-64 (first morning urine) 0.5 MS/MS
2002, (Koch et al., 2003)
Male and female Canadian children (1037), age 6-11 from 21.1 (GM) >99 0.2 UPLC-
Canadian Health Measures Survey 2007-2009 MS/MS
2007-2009, (Saravanabhavan et al., 2013)
Danish children (143) from urban and rural area, age 6-11 <LOD-104 (7.0) 97 1.14 SPE-LC-
(first morning urine) MS/MS

2011, (Frederiksen et al., 2013)

Abbreviations: DR, detection rate; ESI, electrospray ionisation; GerES IV, German Environmental Survey of Children IV; GM,
geometric mean; HPLC, high-performance liquid chromatography; ID, isotope dilution; LC, liquid chromatography; LOD, limit of
detection; LOQ, limit of quantitation; max, maximum; MBzP, Mono-benzyl phthalate; MS, mass spectrometry; n, sample size;
n.r., not reported; PG, palpable gynaecomastia; SPE, solid phase extraction; UPLC, ultra-performance liquid chromatography.
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Table 140. Urinary MBzP concentrations [ug/l] (usually range and median) in adults published in

several studies (sample collection between 1988 and 2011)

Population (n) MBzP DR [%] LOD Method
Sampling year(s), (Reference) range (median)
U.S.-American adults (240), males (100) and females Males: 1.84 - 1015 n.r. n.r. HPLC-MS
(140), age 20-60, taken from NHANES Il (spot urine) Eemales: 1.7 - 338
1988-1994, (Hoppin, Ulmer and London, 2004)
U.S.-American adults (289), age 20-60, 44% males and 4.2 -1020 (21.2) n.r. 0.8 HPLC-
56% females, collected as part of NHANES Il MS/MS
1988-1994, (Blount et al., 2000)
German students (634), age 20-29, females (326) and <LOQ-687 (7.4) 99.8 0.25 LC/LC-
males (308) (24h urine) MS/MS
1988-2003, (Wittassek et al., 2007b)
U.S.-American women (382) from New York City, USA 5.6 - 135.2 (31.5) 100 0.8 HPLC-
during 3" trimester of pregnancy, age 24+6.2 APCI-
1998-2002, (Wolff et al., 2008) MS/MS
U.S.-American pregnant women (319), age 18-35, during <LOD - 668 (22) 99.4 0.11 Online
the 3" trimester of pregnancy (spot urine) HPLC-
1999-2006, (Whyatt et al., 2012) MS/MS
U.S.-American males (338) who are partners of subfertile <LOD - 1110 99.7 0.1- Online
couples, age 20-54 (spot urine) 19.0 (GM) 1.0 HPLC-
2000-2003, (Duty et al., 2005) MS/MS
Swedish primipara females (38), 2-3 weeks after delivery, (6.8) 90 0.47 HPLC-
age 23-39, 2001, (Hogberg et al., 2009) 41.3 (P95) MS/MS
Taiwanese pregnant women (100) from Central Taiwan, 2.2-38(13) n.r. 1.0 HPLC-ESI-
age 25-35, during 3" trimester of pregnancy MS/MS
2001-2002, (Lin et al., 2011)
German subjects (85) from Erlangen, males (32) and <0.25 -55 (1.23) 64 n.r LC-MS/MS
females (53), age 7-64 (first morning urine)
2002, (Koch et al., 2003)
Dutch pregnant women (100) from Rotterdam, age 18-41 1.2 -268 (21) 100 LOQ LC/LC-
2002-2006, (Ye et al., 2008) =05 MS/MS
U.S.-American subjects (2697), 47.6% males and 52.4% 1.3-320(7.5) 100 0.25 HPLC-
females, age 6-85, as part of NHANES 2003/2004 MS/MS
2003-2004, (Colacino, Harris and Schlecter, 2010)
US-American pregnant females (137) before and during 0.1-1197 (17.4) >60 0.11 HPLC-
pregnancy, age 18-45 (spot urine) MS/MS
2004-2009, (Braun et al., 2012)
German subjects (50) from Munich and nearby rural and Before pregnancy: 5.2 n.r. 0.1- Online
suburban areas, males (23) and females (27), age 14-60 (GM) 1 HPLC-
(first morning urine) During pregnancy: 5.9 MS/MS
2005, (Fromme et al., 2007) (GM)
Israeli pregnant women (19) from Jerusalem, age 24-41 2.6 - 149.6 (8.0) 99 0.25 LC/LC-
2006, (Berman et al., 2009) MS/MS
French pregnant women (139) from ELFE pilot study 0.5-71(5.3) 100 0.3 HPLC-ESI-
2007, (Zeman et al. 2013) MS/MS
Male and female Canadian subjects (1208), age 20-49 1.3-1177.5 (10.1) 98.6 LOQ LC-MS/MS
from Canadian Health Measures Survey 2007-2009 =
2007-2009, (Saravanabhavan et al., 2013)
Japanese pregnant women (111), age 33+4 (mean£SD), 9.4 (GM) >99 0.2 UPLC-
during the 9" and 40" week of gestation (spot urine) MS/MS
n.r., (Suzuki et al., 2012)
Italian males (74) and females (83), age 29-47 (3.57) 98 0.028 HPLC-
n.r., (Tranfo et al., 2013) MS/MS
Danish women (145) from urban and rural area, age 31- Females: (4.85) 94 0.05 HPLC-
52 (first morning urine) 2011, (Frederiksen et al., 2013) Males: (4.45) MS/MS

Abbreviations: APCI, atmospheric-pressure chemical ionisation; DR, detection rate; ELFE, Etude Longitudinale Francaise
depuis I'Enfance; ESI, electrospray ionisation; GM, geometric mean; HPLC, high-performance liquid chromatography; LC, liquid
chromatography; LOD, limit of detection; LOQ, limit of quantitation; MBzP, Mono-benzyl phthalate; MS, mass spectrometry; n,
sample size; NHANES, National Health and Nutrition Examination Survey; n.r., not reported; P95, g5t percentile; SD, standard
deviation; SPE; UPLC, ultra-performance liquid chromatography.
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Table 141. Urinary MnOP concentrations [pg/l] (usually range and median) in adults and children

published in several studies (sample collection between 1988 and 2011)

Population (n)

MnOP DR [%] LOD Method
Sampling year(s), (Reference) range (median)
ADULTS
U.S.-American adults (289), age 20-60, 44% males and <LOD - 30.5 (<LOD) n.r 0.9 HPLC-
56% females, collected as part of NHANES Il MS/MS
1988-1994, (Blount et al., 2000)
African-American females (46) from Washington, DC, 0.0-173.7 (0.5) >75 0.9 HPLC-APCI-
USA, age 35-49 (first morning urine) MS/MS
1996-1997, (Hoppin et al., 2002)
German subjects (85) from Erlangen, males (32) and <LOQ - 5.9 (<LOQ) Detected in LOQ = LC/LC-
females (53), age 7-64 (first morning urine) only a small 1.0 MS/MS
2002, (Koch et al., 2003) % of
samples
Dutch pregnant women (100) from Rotterdam, age 18-41  <LOD - 39.1 (<LOD) 2 0.5 HPLC-
2002-2008, (Ye et al., 2008) MS/MS
Chinese subjects (183) from 3 cities in china: Females: n.d. - 0.6 100 LOQ = HPLC-ESI-
Guangzhou (110), Shanghai (24) and Quigihaer (49), (n.d.) 0.25 MS/MS
males (84) and females (99), age <10 - >40 (spot urine) Males: n.d. - 4.6
2010, (Guo, Wu and Kannan, 2011) (n.d.)
Danish women (145) from urban and rural area, age 31- <LOD-0.3 5 0.15 SPE-LC-
52 (first morning urine) MS/MS
2011, (Frederiksen et al., 2013)
CHILDREN
Danish children (143) from urban and rural area, age 6- <LOD-2.1 14 0.15 SPE-LC-
11 (first morning urine) 0.05 (mean) MS/MS

2011, [Frederiksen et al., 2013]

Abbreviations: APCI, Atmospheric-pressure chemical ionisation; DR, detection rate; ESI, electrospray ionisation; HPLC, high-
performance liquid chromatography; LC, liquid chromatography; LOD, limit of detection; LOQ, limit of quantitation; MnOP, Mono-
n-ocytl phthalate; MS, mass spectrometry; n, sample size; n.d., not detected; NHANES, National Health and Nutrition
Examination Survey; n.r., not reported; SPE, solid-phase extraction.
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APPENDIX C - LITERATURE ANALYSIS OF PHTHALATE AND

BISPHENOL A LEVELS IN VARIOUS FOODSTUFF
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Appendix C.2: BISPHENOL A

Table 145. Various BPA content [ug/kg] measured in different foodstuffs from selected studies sorted

by food groups according to the Food Frequency Questionnaire (FFQ)

o ] =c = 0
o o o -
3 ® 2 g < = S _ 2 " g
> Q@ g 2E 2 < °g = L @
o) =3 = ) = T O 22 8 S @
e £ & g£2 8 2 3~ 8 = 3
L ) e F) | < © o
FFQ1 Rice, pasta
Rice 1 n.r. n.d. 0.38 SPE-GC-MS 2008 Canada a [1]
Pasta 2 n.r. n.d. 0.38 SPE-GC-MS 2008 Canada a [1]
FFQ2 Bread, brown
1 n.r. 1.73 0.38 SPE-GC-MS 2008 Canada a [1]
FFQ3 Bread, white
1 n.r. 0.4 0.38 SPE-GC-MS 2008 Canada a [1]
FFQ4 Bread, wholemeal
No data available
FFQ5 Potatoes
peeled and 1 n.r. n.d. 0.38 SPE-GC-MS 2008 Canada a [1]
boiled
baked with 1 n.r. 0.82 0.38 SPE-GC-MS 2008 Canada a [1]
skin
canned 1 Can 48.0 2.0 GC-MS 2000 Belgium [2]
FFQ6 Vegetables
16 n.r. n.d.-1.17 0.38 SPE-GC-MS 2008 Canada a,m [1]
(n.d)
45 Can, n.d.-146 LOQ=  HPLC-MS/MS 2008, USA | [17]
glass, (9.0) 0.01 2011,
paper, 2012
plastic
6 Glass 19.2-399 n.r. HPLC-PAD n.r. Turkey Mushroom [18]
FFQ7 Fruits
12 n.r. n.d.-0.57 0.38 SPE-GC-MS 2008 Canada a [1]
(n.d.)
20 Can, n.d.-6.5 LOQ=  HPLC-MS/MS 2008, USA k [17]
glass, (0.53) 0.01 2011,
plastic 2012
FFQ8 Compote, fruit pulp
No data available
FFQ9 Milk and milk drinks
Milk 3 n.r. n.d. 0.2 SPE-GC-MS 2008 Canada a [1]
UHT-milk 4 Tetra 0.99-2.64 0.15 SPE-GC-MS n.r. Spain [15]
Pak (1.82)
Milk 4 HDPE 1.17-1.19 0.15 SPE-GC-MS n.r. Spain [15]
6 Paper 81.1-156 n.r. HPLC-PAD n.r. Turkey [18]
box
FFQ10 Meat (beef, pork)
Beef 3 n.r. n.d. 0.38 SPE-GC-MS 2008 Canada a [1]
1 plastic 0.2 0.2 HPLC-ECD n.r. Japan [16]

Pork 2 n.r. n.d. 0.38 SPE-GC-MS 2008 Canada a [1]
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FFQ11 Poultry
3 n.r. n.d. 0.38 SPE-GC-MS 2008 Canada a [1]
2 fresh <LOD-0.35 0.2 GC-MS 2010 USA [5]
(<0.28)
FFQ12 Sausages, cold meat
n.r. n.r. 0.48 0.38 SPE-GC-MS 2008 Canada a [1]
FFQ13 Fish
Fish, marine 1 fresh 0.48 0.38 SPE-GC-MS 2008 Canada a [1]
Fish, fresh fresh n.d. 0.38 SPE-GC-MS 2008 Canada a [1]
water
fresh <LOD 0.2 GC-MS 2010 USA Salmon [5]
Tuna, fresh plastic n.d. 0.2 HPLC-ECD n.r. Japan [16]
Fish and 23 Can, n.d.-47.4 LOQ= HPLC-MS/MS 2008, USA Fish, [17]
seafood plastic 3.2 0.01 2011, shrimp,
2012 crab, clam
FFQ14 Eggs
n.r. n.r. n.d. 0.38 SPE-GC-MS 2008 Canada a [1]
FFQ15 Legumes
2 Can 5.6-23.5 0.38 SPE-GC-MS 2008 Canada a [1]
(14.6)
9 Can 9.0-37.0 2.0 GC-MS 2000 UK, [2]
(21.4) Holland
4 Can <10.0 LOQ< GC-MS 2003- New Baked [4]
10 2004 Zealand, beans
Italy
3 Can 26.6-65.0 0.2 GC-MS 2010 USA [5]
(50.5)
3 Can 26-35 (29) 1.1- HPLC-FD n.r. Germany, Beans, [6]
7.4 Italy lentils
g
6 Can 85.1-1859 n.r. HPLC-PAD n.r. Turkey Beans [18]
FFQ16 Almonds, peanuts, nuts
n.r. n.r. n.d. 0.38 SPE-GC-MS 2008 Canada a [1]
FFQ17 Butter, oil
Butter 1 n.r. 0.53 0.38 SPE-GC-MS 2008 Canada a [1]
Fat 2 n.r. n.d. 0.38 SPE-GC-MS 2008 Canada a [1]
Fat and oils 5 Can, n.d.-7.7 (1.9) LOQ= HPLC-MS/MS 2008, USA Vegetable,  [17]
glass, 0.01 2011, salad, and
plastic 2012 olive oil
FFQ18 Pastries, cakes
6 n.r. n.d. 0.38 SPE-GC-MS 2008 Canada a, b [1]
4 Plastic 1.0-14.0 0.2 HPLC-ECD n.r. Japan Cookies [16]
(3.5,
median)
FFQ19 Chocolate, sweets
1 Plastic 1.0 0.2 HPLC-ECD n.r. Japan White [16]
chocolate
6 Paper 36.5-555 n.r. HPLC-PAD n.r. Turkey Pudding [18]

box
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FFQZ20 Fruit or vegetable juices
2 Can 0.36-0.53 0.38 SPE-GC-MS 2008 Canada a [1]
(0.45+0.09)
6 Can 0.46-0.78 0.2 GC-MS 2010 USA [5]
(0.58)
6 Paper 40.3-82.6 n.r. HPLC-PAD n.r. Turkey [18]
box (66.7)
FFQ21 Soft drinks
n.r. Can 0.32 0.38 SPE-GC-MS 2008 Canada a [1]
9 Can n.d. 2.0 GC-MS 2000 UK [2]
Can <10.0 LOQ< GC-MS 2003- New [4]
10 2004 Zealand
4 Can 0.1-0.7 0.1- HPLC-FD n.r. Austria [6]
0.3
10 PET <MDL-0.018 MDL= GC-MS 2009 Canada [7]
(0.002) 0.0045
10 Can 0.019-0.21 MDL= GC-MS 2009 Canada [7]
0.2) 0.0045
10 Glass 0.02-0.21 MDL= GC-MS 2009 Canada [7]
(0.09) 0.0045
22 Can n.d.-4.0 0.005 GC-MS n.r. Portugal [8]
(0.49)
FFQ22 Carbonated beverages
Mineral See “FFQ25 tab water / mineral water
water
Soft drinks See “FFQ21 Soft drinks”
FFQ23 Tea
n.r. n.d. 0.38 SPE-GC-MS 2008 Canada a [1]
3 Can n.d.-14.3 2.0 HPLC-FD n.r. Korea [3]
FFQ24 Coffee
n.r. n.r. 0.22 0.38 SPE-GC-MS 2008 Canada a [1]
5 Can 11.7-136.1 2.0 HPLC-FD n.r. Korea [3]
(45.5)
15 Can 33-107 LOQ= HPLC-FD n.r. Japan Decaffein- [9]
(66.2) 10 ated
instant
15 Can 50-134 LOQ= HPLC-FD n.r. Japan Non- [9]
(84.0) 10 decaffein-
ated
instant
2 Plastic 0.3-1.0 0.2 HPLC-ECD n.r. Japan [16]
(0.65)
FFQ25 Tab water / mineral water
4 n.r. n.d. 0.38 SPE-GC-MS 2008 Canada a [1]
17 PC <MDL-8.8 MDL= GC-MS 2008 Canada [10]
(1.4) 0.5
2 HDPE <MDL MDL= GC-MS 2008 Canada [10]
0.5
1 Can <MDL MDL= GC-MS 2008 France [10]
0.5
10 Glass <MDL MDL= GC-MS 2008 Italy, FRA, [10]
0.5 GER
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20 PET <MDL MDL= GC-MS 2008 n [10]
0.5
1 Plastic n.d. 0.2 HPLC-ECD n.r. Japan [16]
FFQ26 Alcoholic beverages
Wine 1 Glass 0.74 0.38 SPE-GC-MS 2008 Canada a [1]
Beer 5 Can n.d.-7.0 2.0 GC-MS 2000 UK [2]
(<1.4)
1 Can 15 0.1 HPLC-FD n.r. Austria g [6]
Can 0.08-0.54 MDL= GC-MS 2009 Canada [7]
(0.21) 0.0045
8 Glass <MDL MDL= GC-MS 2009 Canada [7]
0.0045
8 Can n.d.-4.7 (1.5)  0.005 GC-MS n.r. Portugal [8]
FFQ27 Canned food
Vegetables 7 Can 10.0-42.0 2.0 GC-MS 2000 UK, d [2]
(24.7) Belgium,
Holland,
Italy,
Canada
12 Can n.d.-21.5 3.0 HPLC-FD n.r. Korea [3]
(3.1)
13 Can <10.0-24.0 LOQ< GC-MS 2003- New Tomatoes, [4]
(<16.2) 10 2004 Zealand, corn,
Australia, beetroot
Italy,
Thailand
3 Can 8.5-28.0 1.9- HPLC-FD n.r. Germany, Peas, [6]
(18.8) 2.9 Italy corn,
tomatoes
g
15 Can 4.3-92.0 MDL= GC-MS 2009 Canada [11]
(19.9) 0.6
9 Can <10.0-95.3 LOQ= HPLC-UV n.r. Japan, Corn, [12]
(42.5) 10 USA, asparagus
Indonesia, mushroom
China
10 Can n.d.-76.3 n.r. HPLC-MS n.r. (but Spain h [13]
(20.3) before19
95)
12 Can 3.0-78.0 0.2 HPLC-ECD n.r. Japan j [16]
(14.5,
median)
Can 78.2-231 n.r. HPLC-PAD n.r. Turkey Corn [18]
Fruits Can 1.2-3.24 0.38 SPE-GC-MS 2008 Canada a [1]
2.2
9 Can n.d.-54.6 3.0 HPLC-FD n.r. Korea [3]
(8.6)
12 Can <10.0 LOQ< GC-MS 2003- New Apricots, [4]
10 2004 Zealand, peaches,
Australia, pineapple
South
Africa,

Philippines
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4 Can 5.0-24 (10.6) 1.2- HPLC-FD n.r Indonesia, Pineapple, [6]
5.4 South peach,
Africa, lychee,
Thailand mango
g
5 Can <10 LOQ= HPLC-UV n.r. China, Pear, [12]
10 Australia, peach,
Thailand pineapple
3 Can n.d. 0.2 HPLC-ECD n.r. Japan Grapes, [16]
peach,
pineapple
Soups 3 Can 22.2-44.4 0.38 SPE-GC-MS 2008 Canada a [1]
(31.9)
15 Can n.d.-21.0 2.0 GC-MS 2000 UK [2]
(5.8)
4 Can <10.0-20.0  LOQ< GC-MS 2003- New [4]
(16.5) 10 2004 Zealand,
Australia
12 Can 4.5-22.7 0.2 GC-MS 2010 USA [5]
(11.1)
4 Can 9.6-37.6 6.3- HPLC-FD n.r. Austria, g [6]
(21.2) 6.4 Thailand
41 Can 2.0-945 MDL= GC-MS 2009 Canada [11]
(41.5) 0.6
10 Can 1.0-156 0.2 HPLC-ECD n.r. Japan [16]
(23.0,
median)
Fish 1 Can 106 0.38 SPE-GC-MS 2008 Canada a [1]
20 Can n.d.-44.0 2.0 GC-MS 2000 e [2]
(18.6)
8 Can n.d.-117 3.0 HPLC-FD n.r. Korea Tuna [3]
(43.7)
11 Can n.d.-125 3.0 HPLC-FD n.r. Korea [3]
(39.8)
8 Can <20.0-109 LOQ< GC-MS 2003- Canada, Salmon, [4]
(33.3) 10 2004 Alaska, tuna
Thailand
Can 1.7-3.8 (3.0) 0.2 GC-MS 2010 USA Tuna [5]
Can 2.1-43 (22.6) 0.2- HPLC-FD n.r. Mauritius, Tuna, [6]
0.4 Morocco sardines
(in oil)
g
15 Can 9.0-534 MDL= GC-MS 2009 Canada Tuna [11]
(137) 0.6
5 Can 34.3-105.4 LOQ= HPLC-FD 2001 Mexico Tuna [14]
7.1 i
4 Can 2.0-23.0 0.2 HPLC-ECD n.r. Japan Tuna [16]
(7.0,
median)
3 Can 1.0-13.0 (3.0 0.2 HPLC-ECD n.r. Japan Salmon, [16]
(median) mackerel
6 Can 102-551 n.r. HPLC-PAD n.r. Turkey Tuna [18]
Meat 11 Can n.d.-51.0 3.0 HPLC-FD n.r. Korea [3]

(20.0)
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6 Can <20.0-98.0 LOQ< GC-MS 2003- New [4]
(34.5) 10 2004 Zealand,
Australia,
USA
2 Can 9.0-10.0 0.2 HPLC-ECD n.r. Japan Beef [16]
9.5,
median)
2 Can 10.0-20.0 0.2 HPLC-ECD n.r. Japan Pork [16]
(15.0,
median)
Poultry 1 Can 4.0 0.2 HPLC-ECD n.r. Japan [16]
FFQ28 Fast Food, Take Away
8 n.r. 1.1-10.9 0.38 SPE-GC-MS 2008 Canada a,c [1]
(2.8)
4 n.r. n.d. 0.38 SPE-GC-MS 2008 Canada a [1]
2 n.r. 21.0-33.0 2.0 GC-MS 2000 Holland Hot dogs [2]
(37.5)
FFQ29 French fries
1 n.r. 1.1 0.38 SPE-GC-MS 2008 Canada a [1]
FFQ30 Microwave popcorn
1 n.r. n.d. 0.38 SPE-GC-MS 2008 Canada a [1]
FFQ31 Juices in TetraPak
6 Paper 40.3-82.6 n.r. HPLC-PAD n.r. Turkey [18]
box (66.7)
FFQ32 Beverages in PET
Soft drinks 10 PET <MDL-0.018 MDL= GC-MS 2009 Canada [7]
(0.002) 0.0045
Mineral 20 PET <MDL MDL= GC-MS 2008 n [10]
water 0.5

FFQ33 Beverages in plastic cup for Take Away
No data available

Abbreviations: BPA, Bisphenol A; ECD, electrochemical detection; FD, fluorescence detection; FFQ, Food Frequency Questionnaire; FRA,
France; GC, gas chromatography; GER, Germany; HDPE, high-density polyethylene; HPLC, high-performance liquid chromatography; LOD,
limit of detection; LOQ, limit of quantitation; MDL, method detection limit; MS, mass spectrometry; n, sample size; n.d., not detected; PAD,
photodiode array detector; PC, polycarbonate; PET, polyethylene terephthalate; n.r., not reported; SPE, solid-phase extraction; UV, ultra
violet.

References: [1] Cao et al., 2011 ; [2] Goodson, Summerfield and Cooper, 2002; [3] Lim et al., 2009; [4] Thomson and Grounds, 2005; [5]
Schlecter et al., 2010; [6] Braunrath et al., 2005; [7] BCS, 2010a; [8] Cunha et al., 2011; [9] Kang and Kondo, 2002; [10] BCS, 2009; [11]
BCS, 2010b; [12] Yoshida et al., 2001; [13] Brotons et al., 1995; [14] Munguia-L6pez et al., 2005; [15] Casajuana and Lacorte, 2004; [16]
Sajiki et al., 2007; [17] Liao and Kannan, 2013; [18] Sungur, Kéroglu and Ozkan, 2014.

Notes: a, food composite samples from a diet study; b, cake, cookies, donuts, croissants, muffins, pie; c, frozen entrees, French fries,
hamburger, chickenburger, hot dogs, beef chow mein, prepared and fast food sandwiches; d, sliced carrots in salt water, baby carrots in
sugared salt water, chopped tomatoes with garlic, sweetcorn in water; e, Portugal, USA, Seychelles, Canada, South Africa, Thailand,
Denmark; f, sardines, red salmon, tuna, pilchards, mackerel; g, from Austrian supermarket; h, peas, artichokes, mixed vegetables, green
beans, corn, mushrooms, asparagus, palm hearts, peppers, tomatoes; i; Measurement at different storage times (0-360 days) in epoxy resin
can coatings. Reported BPA concentrations in the table are from 90 days storage time; j; beans, corn, asparagus, mushrooms, tomatoes,
palm heart, olives; k, apple, pear, pineapple, peach, grape, orange, banana, raisin, yellow melon, mixed fruits; |, broccoli, cabbage, carrot,
celery, cucumber, mushroom, onion, potato, green pepper, radish, pumpkin, beans, lettuce, peanut, spinach, mixed vegetables; m, broccoli,
carrots, cauliflowers, celery, cucumbers, lettuce, mushrooms, onions, peppers, rutabagas, tomatoes, spinach, asparagus, Brussels sprouts,

corn chips; n, Canada, Germany, France, Poland, USA, Italy.
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: Control charts

Appendix D

PHTHALATE ANALYSIS

Appendix D.1
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: BPA ANALYSIS

Appendix D.2
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