Published in:
Bundesgesundheitsbl — Gesundheitsforsch — Gesundheitsschutz 2011, 54 (6): 770-785 (in German)

Announcement by the German Federal Environment Agency

Substance monograph: Phthalates — New and updated r  eference values for
monoesters and oxidised metabolites in urine of adu Its and children

Opinion of the Human Biomonitoring Commission of the German Federal Environment

Agency

Content

T 10T 13 Tox 1o o 1
Occurrence and usage oOf Phthalates..........ooo i 2
EXPDOSUINE SOUICES. ...t eeeeit ettt e ettt ettt e e ettt oo et e tb e et e e ba e e et ettt e e e e e bb e e e esba e e e eesan e eeesnanaeans 6
TOXICity Of PNTNAIATES. ......eee e e 7
Human biomonitoring parameters to estimate internal exposure and adverse effects .......... 12
Human metabolism and exposure bDioOmMarkers. .............uiiiiii e 13
Available data on the internal exposure of the general population..............cccccvvvieeiiieeeieeens 16
RETEIENCE VAIUES ...ttt ettt ettt ettt ettt ettt e e e e e e e e e eee e 19
Measures to be taken when the reference value is exceeded.................uuvvviiiiiiiiiiiiiiiiiieninnns 22
HBIM VBIUBS ...ttt ettt ettt ettt ettt ettt e et e e e e e e e e e e e e 23
YU 0 0= 2R 23
F ot T 1Vl [=Te [ [T g =T | P 24
ST (=TT [T PP PPPPPPPPPPPPP 24
Introduction

Despite permanent discussions about their toxicity (endocrine disruption), phthalates (alkyl or
aryl diesters of 1,2-benzenedicarboxylic acid) continue to represent important industrial
chemicals. Total production of phthalates in Western Europe will remain stable over the
foreseeable future, at ca. 1 milliontonnes annually [1, 2]. However, due to toxicity
classifications and use restrictions or bans, the last years have seen a significant change in
the spectrum of phthalates used [3]. For instance, di(2ethylhexyl)phthalate (DEHP), on which
the Human Biomonitoring (HBM) Commission wrote a substance monograph in 2005, has
become less important and been replaced in various industrial processes by phthalates like
di-iso-nonyl phthalates (DINP) and di-iso-decylp hthalates (DiDP). Similar substitution
processes have occurred for di-n-butyl phthalate (DBP or DnBP). Advances in HBM for
phthalates have entailed that for a growing humber of phthalates, the broad range of human

body burdens can now be determined and quantified via specific, relevant metabolites. The
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Federal Environment Agency’'s German Environmental Survey (GerES) on children (3 to 14
years of age) as well as the Human Specimens part of the German Environmental Specimen
Bank (ESB) (students 20 to 29 years of age) have offered reliable data on internal phthalate
exposure of two populations, which now allow reference values to be derived or updated for
concentrations of monoesters and oxidized phthalate metabolites in the urine of adults and
children in Germany. Reference values were derived for the following five phthalates (or their
metabolites): DnBP, DIBP (di-iso-butylphthalate), BBzP (butylbenzylphthalate), DEHP and

DiNP in urine.

Occurrence and usage of phthalates

Phthalates are used industrially as so-called plasticizers, which give plastics (mainly polyvinyl
chloride) the required flexibility. Due to their properties as solvents or solubilisers, they are
also used in a multitude of other products, mainly direct consumer goods including cosmetics
and body-care products. The uses to which phthalates are devoted are dependent upon the
physico-chemical properties of these compounds, and these are determined mainly by the
length of their alkyl/aryl side chains and the degree of branching (see Table 1). A general
distinction is drawn between phthalates with short alkyl side-chains (low molecular weight:
LMW phthalates) and phthalates with long alkyl side-chains (high molecular weight: HMW
phthalates). Phthalates with long alkyl side-chains (4 to 10 carbon (C) atoms) are used as
universal plasticizers in plastics (mainly polyvinyl chloride (PVC) whilst phthalates with short
alkyl side-chains (1, 2 or 4 carbon atoms) are used also or mainly as solvents in a multitude

of applications other than in the plastics sector [4-8].

Global production of plasticizers amounted to ca. 6 million tonnes in 2008 [1]. Phthalates are
by far the most important group of compounds in this segment, with a rate of 87% or an
annual production of well over 5 million tonnes. Globally, ca. 50% of phthalates are used in
Asia, ca. 20% in Western Europe and 16% in North America. In Western Europe, phthalate
production amounted to 1 million tonnes in 1998 and fell slightly to 906 thousand tonnes in
2008. What changed very clearly during this period, however, is the spectrum of phthalates
(see Figure 1). Whilst DEHP still accounted for ca. 47% of all phthalates used in Europe in
1998, its rate fell to 23% in 2008. It was replaced by DINP and DINP, whose rate in 2008
came to 38% and 23%, respectively (up from 17% each in 1998). Among the short-chain
phthalates, DBP/DIBP’s rate halved from 6% to 3% and BBzP'’s rate fell from 3% to 1%. This
change in production in Europe is assumed to be due to the toxicity classifications,
mandatory labelling and use restrictions and bans that have been imposed on certain

phthalates. In a global perspective, however, DEHP remained the most important phthalate




Published in:
Bundesgesundheitsbl — Gesundheitsforsch — Gesundheitsschutz 2011, 54 (6): 770-785 (in German)

in 2008 (ca. 2.5 million tonnes per year; ca. 50% of total production of phthalates), followed
by DINP (ca. 1.3 million t/year or ca. 25% (see Figure 2). Forecasts for 2013 predict stable
market rates for these phthalates [1, 3]. Given the global trade in goods (and in particular, the
import of many consumer goods from Asian countries), it must be concluded that the
evaluation of exposures to DEHP (as well as to other regulated phthalates) will remain

relevant in Germany/Europe despite declining usage.

Table 1:
The most important phthalates, in order of increasing length of their alkyl side-chains /

molecular weights. The phthalates addressed in this opinion are indicated in bold.

Chain Total C content Molecular
length (of a side-chain) weight
Phthalate (backbone, (g/mol) CAS no.
without
branching)
DMP Dimethyl phthalate 1 1 194 131-11-3
DEP Diethyl phthalate 2 2 222 84-66-2
0
Q
DiBP Di-iso-butyl phthalate % 3 4 278 84-69-5
{=
DnBP  Di-n-butyl phthalate s 4 4 278 84-74-2
S
_ 3 131-18-0 /
DPP Dipentyl phthalate 5 5 306
84777-06-0
BBzP  Butylbenzyl phthalate 4/6 4/6 312 85-68-7
DEHP Di(2-ethylhexyl) phthalate 6 8 390 117-81-7
) - 28553-12-0/
DINP  Di-iso-nonyl phthalate @ 6-9 8-10 ca. 419
& 68515-48-0
g
DnOP  Di-n-octyl phthalate £ 8 8 390 117-84-0
S
DPHP  Di(2-propylheptyl) phthalate % 7 10 ca. 447 53306-54-0
) - 26761-40-0/
DIDP  Di-iso-decyl phthalate 7-9 9-11 ca. 447
68515-49-1
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Figure 1: Production (in 1000t/year) of most important phthalates in Western Europe in the
years 1988 to 2008. Separate figures for DnBP and DiBP are not available. Their production

is indicated as sum of DnBP and DiBP. Data have been taken from [59, 124].

Figure 2: Production rate (in %) of most important phthalates as a percentage of total
production in 2008, by regions. Separate data for DnBP, DiBP and DPHP are not available;

these phthalates are subsumed under “Others”. Data have been taken from [59, 77, 124].
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HMW phthalates such as DEHP and DiNP as well as di-iso-decyl phthalate (DiDP) and di-(2-
propylheptyl) phthalate (DPHP), which are not discussed here) are used almost exclusively
as plasticizers for flexible polyvinylchloride plastics (PVC-P) [3, 9]. The content of plasticiser
in the final product ranges between 25 and 50%, depending on the desired flexibility of the
plastic. These phthalates can be found in numerous PVC products such as flooring,
insulating/sealing sheets, wall coverings/textured wallpaper, imitation leather, tubes,
electrical and network cables, motor vehicle parts, shoe soles, clothes, and also in toys [10].
In the medical sector, DEHP has been the classical plasticizer in products such as blood
bags, infusion bags, tubing, catheters and oxygen masks [11]. Reported non-PVC
applications of these phthalates include anti-corrosion paints, anti-fouling paints and fabric
dyes. A typical feature of these so-called external plasticizers is that they are not firmly
chemically bound to the plastic but are only dispersed in it. As a result, these plasticizers
may outgas or leach from the plastic, and in the case of improper use, they can be released
from it in relatively large proportions, e.g. when in contact with lipophilic media (such as oil or

grease).

Due to their volatility, phthalates with a lower molecular weight such as DBP, DiBP and BBzP
(as well as diethyl phthalate (DEP) and dimethyl phthalate (DMP), which are not discussed
here) are not normally used as sole plasticiser. Because of their softening and simultaneous
solvent-like properties, these phthalates have numerous applications, often in consumer
products [10]. Ca. 60% of dibutyl phthalates is used as gelling plasticizers for PVC and non-
PVC plastics like polyvinyl acetate, cellulose acetate, polymethylmethacrylates and in rubber
production, and ca. 30% is used in such applications as paints, varnishes, dispersions and
adhesives [12]. Other applications, like the usage as solvent for plant protection and pest
control products or insect repellents, account for 5% of all applications. Among the uses in
consumer products mentioned for DIBP is its use as substrate for odour improvers. Due to
their universal properties, LMW phthalates have been, and are still, used in cosmetics and
body-care products. Cosmetics containing DIBP or DnBP may, however, no longer be
marketed in Europe since these substances have been classified as toxic. Despite this ban,
dibutyl phthalates have been detected in perfumes and cosmetics in Europe to this day [13].
Its use in dispersion adhesives for paper and packaging means that DiBP may directly reach
paper and cardboard packaging via recycling processes and may then transfer to the
packaged food [14]. Associations of paper processors have committed to abstain from using
DiBP-containing products in future. It can be expected, however, that it will take some time

until DiBP concentrations have abated in the recycling cycle [14].
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EXxposure sources

Nutrition must generally be assumed to be the main source of population exposure to HMW
phthalates (e.g. DEHP and DiNP). For LMW phthalates (like DnBP, DiBP and BBzP), other
lifestyle-dependent exposure pathways (cosmetics, body care) seem to be just as relevant as

food.

This basic insight is supported by a number of independent studies. For example, a
controlled study [15] in which three volunteers fasted and only drank mineral water for two
days showed that urinary metabolite levels of the HMW phthalates DEHP and DIiNP fell
drastically and in line with established elimination kinetics to levels near the detection limit. In
contrast, metabolite levels for the LMW phthalates DnBP, DiBP and BBzP slightly decreased
on average but continued to indicate significant exposures even after 48 hours. In a duplicate
study [16] with 50 volunteers, not only urinary levels of phthalate metabolites but also
phthalate levels in the ingested food were measured on seven consecutive days. For DEHP,
the study showed very good agreement between the daily intake as calculated from
measured metabolite levels and DEHP levels in the food ingested. For the LMW phthalates
DnBP and DiBP, the median exposure calculated from human biomonitoring data was,
respectively, six and three times as high as the calculated exposure via food. However, the
authors did find a weak correlation between DIBP levels in the diet and urinary excretion of
mono-iso-butyl phthalate (MiBP) (r=0.25; p <0.001). BBzP and DINP were found above
detection limit in only a few diet samples, so that no comparison with biomonitoring data
could be undertaken although nearly all urine specimens contained these substances. Data
from the pilot phase of the German Environmental Survey on Children (GerES V) already
showed that house dust is not a significant exposure pathway for children and adolescents

although it contained significant concentrations of DEHP [17].

Scenario-based models, as well, have identified nutrition as the main source of exposure to
HMW phthalates [18-21]. In infants and small children, mouthing of phthalate-containing toys
or other objects can contribute to the total exposure [6, 22]. The most recent study [19] to
calculate the average contributions of a wide range of exposure sources found contaminated
food to be the main pathway of exposure to DEHP (>90% of total DEHP exposure of
children, adolescents and adults; 50% of total exposure of infants and small children).
Exposure pathways different from those of DEHP were derived by the authors for the other
HMW phthalates such DINP. They point out, however, that exposure pathways will likely
equalise as DEHP is rapiLODy replaced by DINP/DIDP, although this substitution could not

yet be considered in the model due to a lack of data.
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The models also show food to be a significant source of exposure to DnBP and DiBP (its
contribution varying between 40% in female adolescents and 90% in male adults), and this
result in all its clarity contradicts the HBM data. Dermal uptake (via cosmetics, body-care
products) might contribute to significant exposures which are detected in HBM but are

difficult to take into account in scenario-based models.

Whilst LMW phthalates are often contained in cosmetics and body-care products as
deliberate ingredients or tolerated impurities, foodstuffs (or their constituents) may become
contaminated with phthalates, mainly HMW, during their production, transport, processing
and storage. In these phases, relatively low but constant levels of contamination may occur
during the authorised use of articles which come into contact with foodstuffs (e.g. seals,
hoses or conveyor belts). In the EU, specific migration limits (SMLs) exist for those articles,
e.g. 1.5 mg/kg of foodstuff for DEHP [23]. Although the use of phthalate-containing articles is
strictly regulated, particularly in the case of fat-containing foodstuffs, these very foodstuffs
containing fat appear to be the main source of the phthalate exposure, since the lipophilic
phthalates accumulate in the fat fraction across all processing steps. There have been a few
sporadic reports of significantly elevated phthalate levels in fat-containing foodstuffs (e.g.
pesto or olive oil) which were caused by improper use of phthalate-containing articles [24].
Phthalate levels in foodstuffs generally vary considerably, depending on processing and
packaging practices, fat content and any unknown or incalculable routes of input. Human

breast milk could represent a relevant source of exposure of small children [25-27].

Enteric coatings (on food supplements and on pharmacy-restricted medications) could
represent a particular source of high exposures to DnBP. Urinary metabolite concentrations
measured after ingestion of such preparations were orders of magnitude higher than the
median background exposure of the general population [28-31]. (Voluntary) medical
treatments (such as platelet donation) can lead to high DEHP exposures [32-34].
Determination of DEHP metabolites in urine was recently proposed as a screening method to
detect illicit blood doping [35] because elevated DEHP metabolite levels may indicate illicit

blood transfusions which in the past have been difficult to prove by other means.

Toxicity of phthalates

The phthalates BBzP, DnBP, DiBP, DEHP and DiNP have anti-androgenic effects in animal
experiments, and as so-called endocrine disruptors they interfere with the complexly
regulated hormonal processes that control sexual differentiation. In rats, they affect the

maturation of fetal Leydig cells even at low dosages, reduce or prevent testicular
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testosterone production and inhibit inter alia formation of the insulin-like 3 (insl-3) peptide
hormone [36, 37]. All of these factors manifest themselves in a set of effects called
collectively the “phthalate syndrome” [38-40]. Effects include malformations of the testes and
epididymides, abnormalities of the gubernacular ligaments, effects on other androgen-
dependent tissues, leading to cryptorchism (non-descent of testes), hypospadia
(developmental defect of the urethra) and other abnormalities of the reproductive organs but
also to a reduced sperm count (as low as to result in infertility) and alteration of the male
phenotype towards demasculinization (e.g. reduction of the anogenital distance (AGD),

breast development).

Since the “phthalate syndrome” inducible in rodents has many similarities to the “testicular
dysgenesis syndrome” which has been described in humans (poor sperm quality, infertility,
cryptorchism, hypospadia, testicular cancer, etc.), there has been growing concern in recent
years that phthalates could also induce reproduction toxicity and developmental toxicity in
humans [41-43].

It will be a major challenge in coming years to study this possible link using human data
generated in epidemiological and other studies. The mode of action of endocrine active
phthalates presents major problems for any humans-based study approach, for the following
reasons: It is known from rat assays (see above) that rats show the most sensitive response
within a very short, critical exposure window, namely at the time testosterone-regulated
sexual differentiation occurs in male offspring. For rats, this time window is between
gestational days 15 and 17 (GD 15-17). Especially in many older studies on prenatal
developmental toxicity, the test animals were exposed only up to gestational day 15 [44].
Therefore, the effects subsumed under the “phthalate syndrome”, which are well-described
today, did not occur in these studies at all or only at very high dosages. When comparing
periods critical for development between humans and rats, one can see that in humans,
testosterone-controlled development processes span over a much longer period (pregnancy
weeks 8-38 and also after birth). However, the time critical for sexual differentiation in
humans is the end of the first trimester of pregnancy, with the process being largely
completed at week 16. In rats, the particularly critical time window is towards the end of the
gestation period (lasting ca. 21 days), at GD 15-17. Given that over 20 years may elapse
between the critical exposure time window(s) (the end of the first trimester of pregnancy) and
the diagnosis of certain effects in humans (e.g. reduced sperm count or infertility), it is
obvious that establishing a causal relationship between phthalate exposure and

manifestations of the testicular dysgenesis syndrome in humans poses problems.
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Several recently-published epidemiological studies describe the relationship between
exposure to one or several phthalates and changes in human semen parameters [45-47],
DNA damage in human sperm [48, 49], reduced hormone levels in adult men [50], decreased
anogenital distance among male infants [51, 52], overweight and insulin resistance 53-55],
reduced masculine play in boys [56] and attention deficit hyperactivity disorders [57]. One
thing all these studies have in common is that they are based on case numbers that are very
small for epidemiological studies and that the exposure route to phthalates (and possible
other confounders) is characterised is, in part, very inadequate (e.g. determination of

phthalate levels only once during pregnhancy).

Since testosterone is decisive for sexual differentiation both in male rodents and in humans,
the United States Environmental Protection Agency (U.S. EPA) [58] and the National
Research Council [44], among other authors, have proposed to use modulations of fetal
testosterone as critical endpoint for derivation of the no observable adverse effect level
(NOAEL) and for evaluating toxic potency. Howdeshell et al. [59] derived dose-effect
relationships for six phthalates (including DnBP, DFiBP, BBzP and DEHP) by quantifying
their influence on testicular testosterone production on gestation day (GD) 18 following
maternal exposure (Sprague-Dawley rats) over a period of GD 8 to GD18. BBzP, DnBP,
DEHP and DIBP proved to be roughly equipotent, with ED 50 values, derived from dose-
effect curves, ranging from 383 mg/kg/day for DEHP to 466 mg/kg/day for DiBP. DPP
(dipentyl phthalate) was about threefold more potent, and no effect on fetal testosterone
production was found for DEP. Table 2 lists the potencies of some phthalates relative to that
of DEHP, potency referring to the potential for disturbing the testicular function and/or
inducing malformations in male offspring [59, 60]. However, the design of the above-
mentioned studies with regard to how doses were spaced is inadequate for deriving no
observed adverse effect levels (NOAELS) or lowest observed adverse effect levels (LOAELS)

for these phthalates with sufficient accuracy.

For DEHP, there are sound studies which all put the NOAEL and LOAEL for androgen-
deficiency-induced malformations at 5 and 10 mg/kg/day, respectively [61-63]. For DnBP, an
LOAEL or NOAEL of ca. 50 mg/kg body weight/day can be derived for embryotoxic effects
and effects on male fertility in the F1 generation [64, 65]. In a relatively recent rat
developmental toxicity study [66], reduction of spermatocyte development and mammary
gland changes were found at lower doses than those established in earlier studies, the
lowest being 1.5 to 3 mg/kg BW/day (LOAEL). For DiBP, BBzP and the DINP isomers, the
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data base for deriving NOAEL/LOAELSs for the above anti-androgenically induced endpoints

(at doses administered in the critical time window during sexual differentiation) is insufficient.

Table 2;

Relative potencies of some phthalates compared to DEHP. The estimated potencies refer

to the potential of the relevant phthalate for disturbing the fetal testicular function and/or

inducing malformations of androgen-regulated reproductive organs in male offspring of

rats [44, 75-79]. The phthalates addressed in this opinion are indicated in bold.

Phthalate  Estimated relative potency* Reference
DEHP 1 [60]

DnBP 1 [59, 75, 124]
DiBP 1 [59, 75, 125]
BBzP 1 [59, 126]
DINP 0,15 [59, 127-129]
DPP 3 [37, 127]
DEP 0 [59, 130]

* normalized to DEHP

The European Chemicals Agency (ECHA) has recently included four phthalates (BBzP,
DEHP, DiBP and DnBP) in the candidate list of substances of very high concern for
authorisation (www.echa.europa.eu). Also, the European Union has classified these

phthalates as reprotoxic substances of categories 2 or 3 with respect of their effects on both
fertility and development (see Table 3). Category 2 substances and preparations containing
such substances must be labelled with a skull-and-crossbones symbol. In addition,
category 2 substances may not be used in cosmetics and body-care products [67] (Directive
2004/93/EC). Directive 2005/84/EC [68] restricts the use of certain phthalates in toys and
childcare articles. It should be noted that the phthalates covered by the restrictions include

phthalates which are classified as reprotoxic and not classified as well (see Table 3).

The European Food Safety Authority (EFSA) has derived tolerable daily intakes (TDI values)
for certain phthalates (based on data from animal experiments) as listed in Table 4 [69-74].
One has to note several points. First, no TDI has been derived for DiBP to date. Second, the
TDIs for DnBP, DEHP and BBzP, all based on anti-androgenic effects, differ by a factor of
50. This reflects the status in the studies used for their derivation but contradicts the large-
scale studies by Gray et al. for the US EPA [75] (see Table 2), which attribute to the above
three phthalates higher potencies (for testosterone-induced endpoints) in the range of the
NOAEL/LOAEL of DEHP. Third, the TDIs for DINP and DiDP were derived on the basis of

10
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liver changes and not on the basis of anti-androgenic effects. The TDI set for DINP, at least,
ought to be within the range of a possible TDI for endocrine/anti-androgenic effects [60].

Table 3:

Classification of major phthalates according to Annex | to Council Directive 67/548/EEC

[131] in regard to their reproduction toxicity and restrictions according to Directive
2005/84/EC [68]. The phthalates addressed in this opinion are indicated in bold.

Restricted under

Phthalate Year Reproduction Development 2005/84/EC [68]
DMP - - - -
DEP - - - -
DiBP 2009 [132] Cat. 3 (R 62) Cat. 2 (R 61) -
DnBP 2001 [133] Cat. 3 (R 62) Cat. 2 (R 61) X
BBzP 2004 [67] Cat. 3 (R 62) Cat. 2 (R 61) X
DPP 2004 [67] Cat. 2 (R 60) Cat. 2 (R 61) -
DEHP 2001 [133] Cat. 2 (R 60) Cat. 2 (R 61) X
DnOP - - - X
DiNP - - - X
DPHP - - - -
DiDP - - - X

R 60: May impair fertility.
R 61: May cause harm to the unborn child.
R 62: Possible risk of impaired fertility.

Table 4:
Tolerable daily intake (TDI) values set by the European Food Safety Authority (EFSA). The

phthalates addressed in this opinion are indicated in bold.

Phthalate TDI pg/kg/dag Primary target organ, effect
DiBP -* -

DnBP 10 Reproductive cells

DEHP 50 Testes, development

BBzP 500 Reduced anogenital distance
DiNP 150 Liver

DIDP 150 Liver

-*. no TDI discussed/derived to date

The current discussions about phthalates also revolve around their cumulative toxicity, i.e.
the dose-additivity of effects both among phthalates themselves and in combination with
other anti-androgens [44, 75-81]. Various studies in the USA and Europe have demonstrated
dose-additivity of phthalates between themselves, but also with other anti-androgens whose
mode of action differs from that of the phthalates (e.g. via the androgen receptor) but which

11
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have the same target tissue. EFSA’s attempt to formulate a group-TDI [69], which failed due
to lacking knowledge about the mode of action and lacking data on comparable endpoints,
will likely be repeated sometime soon on the basis of new findings from these large-scale

studies and this time have a positive outcome, i.e. derivation of a group-TDI for phthalates.

Human biomonitoring parameters to estimate internal exposure and adverse
effects

About a decade ago, work began as part of human biomonitoring studies to quantify
phthalate exposure of the general population by determining urinary concentrations of
specific phthalate metabolites [82-85]. There is so much literature on phthalates today that it
cannot be discussed here exhaustively. Comprehensive reviews of phthalate HBM were
published by Koch and Calafat (2009) [86] and Wittassek et al. (2010)[15]. The reader is also

referred to the Federal Environment Agency’s substance monograph on DEHP of 2005 [87].

In general, blood (or its constituents) and urine are the matrices commonly used in human
biomonitoring studies to characterise exposure. For non-persistent chemicals such as the
phthalates — with relatively short excretion half-lives — urine is the matrix of choice because
these chemicals or their metabolites are present in urine in higher concentrations than in
blood. In addition, urine is a non-invasive matrix which is relatively easy to hanLODe and is

easy to collect.

Blood as a possible matrix for phthalate HBM presents another key problem. Phthalates,
which are ubiquitous environmental chemicals as well as commonly used in clinical and
laboratory supplies, readily accumulate in blood during sampling and storage, due to its
lipophilicity. They are then quickly metabolised to the relevant monoesters by lipase enzymes
in the blood. The analytical result, regarded as correct from the viewpoint of laboratory
analysis, gives no clue as to whether the monoester levels result from an actual intake or
from contamination during the pre-analytical phase (sampling/storage) [88-90]. Therefore, in
general, the use of any matrix other than urine (not only blood, but also blood from the
umbilical cord, placenta tissue, human breast milk, amniotic fluid, meconium, saliva) in
phthalate human biomonitoring is not advisable [91-94]. Oxidised metabolites are less
affected by these contamination impacts, but are quantitatively of minor relevance in blood

and the other body matrices mentioned above (which is not true for their presence in urine).

12
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Human metabolism and exposure biomarkers

Metabolism and elimination of phthalates is very complex and therefore, so is the selection of
appropriate biomarkers and their interpretation. In a first rapid metabolic step, phthalate
diesters (parent phthalates) are cleaved into their respective monoesters. This can occur at
different sites in the body (e.g. in the mouth or on the skin, in the stomach, in the intestines
and/or in blood). In a second step, the alkyl side-chain of the monoester may undergo
phase | oxidation and be modified with functional groups such as hydroxyl, keto or a carboxy
group or shortened by R-oxidation. In a third step, both the hydrolytic monoester and the
oxidized secondary metabolites can be conjugated with glucoronic acid. Urine will then
contain the monoester and the oxidized secondary metabolites in varying proportions,

depending on the parent phthalate, and in more or less conjugated form (see Figure 3).
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Figure 3: General scheme on phthalate metabolism

The extent to which the alkyl side-chain of a phthalate monoester is modified by oxidation
increases with the length of the alkyl side-chain. The metabolites so modified are more
water-soluble and therefore easier for the body to excrete via urine than the simple
monoesters, whose water solubility decreases with increasing length of their alkyl side-
chains. Therefore, LMW phthalates (like DEP, DiBP or DnBP) will be excreted via urine

mostly in the form of their hydrolytic monoesters. With growing length of the alkyl side-chain
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(DEHP), the metabolites modified by oxidation will become more dominant, the most extreme
case being DINP, whose hydrolytic monoester is not excreted in urine in any relevant
amounts. This must be taken into account in the interpretation of human biomonitoring data
[15, 85]. Using hydrolytic monoester metabolites as the sole biomarkers to compare
phthalate exposures can be misleading, especially when comparing LMW phthalates vs.
HMW phthalates. Ca. 70% of an oral dose of DnBP is excreted in urine as the hydrolytic
monoester [96], while less than 10% of DEHP [96] and less than 2% of DiNP [97] are
excreted as the hydrolytic monoesters. In recent years, research on the oxidative metabolism
of phthalates has made considerable progress. In addition to the studies on DEHP, there
now exist detailed studies on the (oxidative) human metabolism of DINP. Besides the
increased oxidative metabolism (omega-, omega-1 and R-oxidation) of HMW phthalates,
there is another fact adding to the complexity: Whilst DEHP is a substance whose side-chain
consists of a defined isomer (2-ethyl-hexyl side-chain), DINP (as well as DiDP) is a complex
mixture of isomers whose composition varies depending on the nature of the mixture of
alcohols used for its synthesis. This is also why there are several DiNP products on the
plasticizer market, depending upon the manufacturer or the manufacturing process. The
isomeric alkyl side-chains provide for a broad spectrum of hydrolytic and oxidised
monoesters. A major DINP isomer first had to be identified before suitable oxidative
metabolites could be derived, synthesised and used for valid human biomonitoring of DINP
exposure [98-100]. Table 5 lists the relevant metabolites of the five phthalates which are
used as exposure biomarkers and for which reference values for their excretion in urine are
presented here. Table 6 lists the fraction corresponding to the excretion of the relevant
metabolite via urine (within 24 hours) relative to the oral dose of the parent phthalate. This
table illustrates, firstly, the large difference in metabolism between LMW and HMW
phthalates and, seconLODy, that human biomonitoring by measuring these metabolites in
urine covers a very large part of the dose and is therefore very informative with regard to the
actual exposure. The metabolites listed for DINP account for only ca. 40% of the dose, but it
is known that further metabolites (e.g. twice oxidised side-chains or side-chains shortened by

[3-oxidation) are formed and excreted, which cannot currently be determined quantitatively.
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Table 5:

The phthalates and phthalate metabolites for which reference values are derived in this

opinion

Parent phthalate

Primary metabolite
(hydrolytic monoester)

Secondary metabolite
(oxidised monoester)

Butyl-benzyl phthalate (BBzP) Mono-benzyl phthalate (MBzP) n.a.
1, O i
: : O
o~ ©
0 OH
Di-iso-butyl phthalate (DiBP) Mono-iso-butyl phthalate (MiBP) n.a.
0 0
Oy O
0.
0 \/‘\ OH
Di-n-butyl phthalate (DnBP) Mono-n-butyl phthalate (MnBP) n.a.

0

o/\/\
o~

(o}

0NN
(0]

OH

Di(2-ethylhexyl) phthalate
(DEHP)

ol
ol

Mono(2-ethylhexyl)phthalate (MEHP)

@iﬁCA

50H-mono(2-ethylhexyl)phthalate (50OH-MEHP)

[o] OH
0
(o]

OH

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

[o] (o]
0
0
OH

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

0o
o OH
(o} (o}

OH

Di-iso-nonyl phthalate (DiNP)’

n.a.

70H-mono-methyloctyl phthalate (OH-MiNP)

[o] OH
OW\)\
{0]

OH

7oxo-mono-methyloctyl phthalate (oxo-MiNP)

[o] [o]
o/\/Y\)J\
0]

OH

7carboxy-mono-methylheptyl phthalate (cx-MiNP)

(o]
OH
o/\/\r\/\n/
0 (o]
OH

n.a.: not analysed/not applicable
many different side-chain isomers possible
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Table 6;

Fraction f,. ' of the oral dose of the parent phthalate excreted in urine (within 24 hours)

through the metabolite indicated.

Parent phthalate Metabolite fue Reference
DnBP MnBP 69% [95]
DiBP MiBP 69% 2 [95]
BBzP MBzP 73% [95]
DEHP MEHP 5.9%
50H-MEHP 23.3% Total: (96]
50xo-MEHP 15.0% 62.7%
5cx-MEPP 18.5%
DIiNP OH-MiNP 18.4%
Total:
oxo-MiNP 10.0% [97]
37.5%
cx-MiNP 9.1%

fue: Fraction of urinary excretion

I The fraction f,. indicated here may not be confused with the total fraction of the dose which is
excreted via urine. In fact, other metabolites, not listed here, are also excreted via urine. Furthermore,
excretion is not yet completed after 24 hours. Consequently, the total fraction excreted via urine will
be significantly higher than the fraction excreted through the metabolites listed here.

2 For MiBP no fraction has been determined to date. The same fraction as for MNBP was assumed.

Polymorphisms or other, individual factors influencing the elimination of phthalate
metabolites in qualitative or quantitative terms are not described in the current literature. A
slight change in the range of metabolites - away from monoesters towards oxidised
metabolites - was found in the morning urine samples (first morning void) of children and
small children [17, 101]. It has not yet been clarified conclusively whether this is due to
enzymatic differences or whether kinetic effects come into play (in the case of children’s
morning void, it can be assumed that more time has elapsed between analysis and last
exposure compared to adults [102]). This effect is taken into account, however, if both the
monoester and the oxidised metabolites are determined simultaneously when determining

exposure.

Available data on the internal exposure of the gene  ral population

Studies from across the world exist on urinary levels of phthalate metabolites in the general
population. Reviews on phthalate exposure of the non-occupationally exposed population
can be found in [15, 86, 103] and in Table 7.
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Table 7:

Concentrations of phthalate metabolites in urine (in pg/l) of the general population

MnBP

MiBP

MBzP

50H-MEHP

5o0xo-MEHP

5¢cx-MEHP

OH-MiNP

0x0-MiNP

cx-MiNP

Country,
study
period

Age
[years]

P 50

P 95

P50 | P95

P 50

P 95

P50 | P95

P50 | P95

P50 | P95

P50 | P95

P50 | P95

P 50 P 95

USA 2003-
2004 [134]

6-11

342

36.7

191

7.0 40.6

35.0

255

36.5 | 318

258 | 197

51.6 | 391

USA 2003-
2004 [134]

12-19

729

28.2

134

5.6 22.7

24.9

152

29.8 | 317

20.3 | 212

42.7 | 448

USA 2003-
2004 [134]

1534

20.7

108

3.9 19.9

121

79.5

18.4 | 225

12.4 | 139

29.2 | 312

Germany
2002 [83]

7-63

85

181

825

21.0

146

46.8 | 224

36.5 | 156

Germany
2005 [135]

14-60

399

46.9

172

449 | 183

7.2

45.6

19.2 | 81.8

14.7 | 56.0

26.2 | 93.6

3.0

5.5

USA 2005
[136]

129

13.2 | 43.7

12 6.6

8.4 46.2

Germany
1988-2003
[111]

20-29

634

112

604

345 | 176

7.4

50.4

21.0 | 77.2

16.7 | 57.5

26.9 | 98.8

2.0 11.9

1.0 5.6

Germany
2002, 2004,
2006, 2008
[112]

20-29

229

32.8

124

28.2 | 100

5.0

21.2

14.4 | 41.1

9.7 | 335

145 | 49.6

3.13 | 16.5

216 | 11.3

3.69 22.6

Germany
2003-2006
[103]

3-14

599

93,4

310

88,0 | 308

18,1

76,2

46,0 | 164

36,3 | 123

61,4 | 209

11,0 | 50,6

54 | 28,9

12,7 58,9




Representative data on phthalate exposure of children in Germany were generated by the
German Environmental Survey on Children 2003-2006 (GerES 1V) [103, 104]. Like the earlier
German Environmental Surveys, GerES IV is a population-representative, cross-sectional
study for which subjects were selected in a multi-stage stratified random procedure.
GerES IV is the environmental module of the German Health Interview and Examination
Survey for Children and Adolescents (German acronym: KiGGS) conducted by the Robert
Koch Institute (RKI) [106-108], which also select the sample and carried out the field work for
GerES IV. GerES IV was conducted between May 2003 and May 2006 on randomly selected
children 3 to 14 years of age from 150 locations. The methodologies applied (selection of the
random sample, questionnaires, collection of samples, analysis, statistics) have been
described by Becker et al. (2009) [109] and Schulz et al. (2004, 2008) [102, 110]. Morning
void, i.e. the full amount of urine discharged after getting up in the morning, were collected by
all children other than those who still wore diapers at night. For urine collection, the parents
of the children 3 to 4 years of age (or in the case of girls, up to 6 years of age, in consultation
with the parent) were given decontaminated 750 ml “toilet insets” (Tyco Healthcare
Deutschland GmbH, Neustadt/Donau) and the parents of the older children were given
decontaminated 1 | square bottles (Kautex, Bonn-Holzlar) along with written instructions on
how to collect the sample. The urine samples were transferred into Saarstedt tubes and
stored at -20C until analysis. Due to limited fina ncial resources, phthalate metabolites were

determined in a subsample consisting of 600 randomly selected samples [103].

Data from the German Environmental Specimen Bank (ESB) are available to characterise
phthalate exposure of adults in Germany. Specimens are taken annually from living persons
in order to ascertain normal body burdens and their time-dependency. The specimens are
stored in the ESB. The sample chosen for the ESB are student volunteers (from the
universities of Munster, Halle/Saale, Greifswald and Ulm), about half of them are female and
90% belong the age group of 20 to 29 years. They thus mainly represent 20 to 29 year olds
in Germany with average body burdens (without any detectable specific exposure). The urine
samples collected for the ESB are 24-h samples. In two retrospective studies, samples
archived in ESB were analysed for phthalate metabolites. One time series focused on the
levels in samples from students from the years 1988-2003 [111], the second study covered
samples from students from the years 2002-2008 [112]. Both studies investigated over 60
samples per year from students (half of them were male, half female) from the University of

Minster.
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Reference values

Reference values characterise the basic exposure of a population group which is not subject
to any recognisable specific exposure. Reference values are determined if possible on the
basis of data from a suitable reference population [113]. According to the IUPAC guideline
[114] the reference value is defined within the 95% confidence interval of the 95™ population
percentile of the distribution of concentrations of a specific substance in a body fluid of a

representative population.

Data from the population-representative GerES IV (2003-2006) were available to derive
reference values for phthalate metabolites in the urine of children in Germany. Data from the
German ESB were used to derive reference values for adults. Out of the data set spanning
from 1988 to 2008, only the data from the years 2006 and 2008 were used to have the most

up-to-date data base (see Table 8).

The statistical parameters needed for derivation of a reference value — the estimated 95"
population percentile and the attendant 95% confidence interval — were calculated for each
analyte according to the parametric procedure assuming a log normal distribution or
according to the bootstrapping procedure in cases where a log normal distribution did not

exist.
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Table 8:

Data used as a basis for derivation of reference values for phthalate metabolites in urine

(ug/l) of the general population in Germany; children 3 to 14 years of age in Germany*—
GerES 2003-2006, morning void [137]; students 20 to 29 years of age from Munster,
2006 and 2008, 24-h urine [137]

Phthalate / Metabolite N  %slop P50 P95 Range CI-PP95
Population
DEHP / > 50H-MEHP + 50x0-MEHP
3 — 14 years 592 100 83.3 277 12.0- 6130 249 — 296 ¢
20 — 29 years 112 100 174 43.1 3.91-72,1 41.4-58.2°
DEHP / 50H-MEHP (LOD: 0.25 ug/l)
3 —14 years 592 100 45.9 153 6.14 - 3640 141 -169°?
20 — 29 years 112 100 105 27.2 2.42 -39,0 24.6- 34.5°
DEHP / 50xo-MEHP (LOD: 0.25 ug/l)
3 — 14 years 592 100 36.2 120 4.56 - 2490 109 -130°?
20 — 29 years 112 100 6.84 20.2 1.49-33.1 17.0 - 24.3%
DEHP / 5cx-MEPP (LOD: 0.25 ug/l)
3 — 14 years 592 100 614 202 9.18 - 4490 180 -214°
20 — 29 years 112 100 111 29.2 2.25—-36.7 26.8—-385°
DnBP / MnBP (LOD: 1.00 pg/l)
3 — 14 years 592 100 934 304 12.6 - 1090 269 - 318°
20 — 29 years 112 100 23.0 69.7 4.25 - 250 64.2-975°
DiBP / MiBP (LOD: 1.00 pg/l)
3 — 14 years 592 100 88.0 297 13.6 - 1243 257 -302°
20 — 29 years 112 100 26.8 147 6.32 - 317 89.8 —143°
BBzP / MBzP (LOD: 0.25 ug/l)
3 — 14 years 592 99.9 181 73.0 <0.25 - 468 67.7-84.3°
20 — 29 years 112 99 3.66 14.5 <0.25-31.8 11.5-18.2°
DiNP / 5 OH-MiNP+oxo-MiNP+cx-MiNP
3 —14 years 592 98 30.5 135 1.18 — 468 114 -140°
20 — 29 years 112 88 9.76 67.4 0.39 - 105 40.2-715°
DINP/ OH-MINP (LOD: 0.25 ug/l)
3 — 14 years 592 100 11.0 50.9 0.93-198 429-532°
20 — 29 years 112 98 3.46 20.4 <0.25 - 36.0 135-23.7°
DiNP / oxo-MiNP (LOD: 0.25 ug/l)
3 — 14 years 592 98 5.40 28.9 <0.25-86.7 25.6—33.0°"
20 — 29 years 112 92 2.19 16.0 <0.25-27.2 77-217"
DINP / cx-MiNP (LOD: 0.25 pg/l)
3 —14 years 592 99,8 12.7 57.6 <0.25-195 50.4 — 62.1°
20 — 29 years 112 93 3.82 28.0 <0.25-41.8 13.8-37.2"
N = size of sample; % > LOD = percentage above the limit of detection (LOD); values < LOD were
set to LOD/2; P50, P95 = percentiles; range = minimum to maximum; CI-PP95 = 95% confidence
interval for the 95. population percentile (PP95);
! = when calculating CI-PP95 for concentrations in urine of children, only samples with a creatinine
concentration between 0.3 and 3.0 g/l urine were taken into account; as a result, these evaluations
are based on 592 out of 599 samples; ® = parametric procedure; V= bootstrapping procedure
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Based on the data, the HBM Commission has derived the reference values listed in Table 9.
In applying these reference values, it must be borne in mind that the data used to derive the
reference values for phthalate metabolites in the urine of children date from past periods
(2003-2006) and therefore reflect the situation existing at that time. The data for derivation of
reference values for phthalate metabolites in the urine of 20 to 29 year olds are not based on
a population-representative sample, but come from a student sample in Minster contributing
to the German ESB for Human Specimens (ESBhum). It should also be noted that the

samples from GerES IV are morning urine samples whereas the ESBhum samples are 24-h

urines.

Table 9:

Reference values for metabolites of different phthalates in urine of children and adults in Germany

Phthalate = Metabolite in Children 3 to14 years of age, Adults 20 to 29 years of age from
urine living in Germany, 2003 to 2006 Munster, 2006 and 2008

DnBP MnBP 300 pg/l 70 pg/l

DiBP MiBP 300 pg/l 140 pg/l

BBzP MBzP 75 g/l 15 pg/l

DEHP LR 280 g/l 50 g/l
50xoMEHP HO HO
50H-MEHP 160 pg/l 30 pgl/l
50xoMEHP 120 pg/l 20 pgl/l
5¢cx-MEPP 200 pgl/l 30 pg/l

DiNP LI 140 pg/! 60 g/l

i

Metabolite HO HO
OH-MINP 50 pg/l 20 pgl/l
oxo-MiNP 30 pg/l 15 pg/l
cx-MiNP 60 po/l 25 pg/l

When applying reference values, the uncertainty of analytical measurements must generally
be taken into account, i.e. it must be ensured when evaluating HBM data that the analyses
were performed under internal and external quality assurance conditions [115]. This has
been shown by the experience gained in interlaboratory comparisons conducted by the
Deutsche Gesellschaft fur Arbeits- und Umweltmedizin (German occupational and

environmental medicine association) [116]. Another criterion to be applied when evaluating a
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possible exceedance of the reference value for a substance in urine is that the creatinine

concentration in the urine must be within a range of 0.5 and 2.5 g/l [117].

The HBM Commission emphasises that reference values are purely statistically derived
values which per se provide no indication of the health relevance of the exposure. In other
words, an exceedance of a reference value does not necessarily imply a health risk; by the
same token, a measured concentration lower than the reference value cannot be construed

as evidence that no health risk exists.

Measures to be taken when the reference value is ex ceeded

In cases where the reference value is exceeded, control measurements should be carried
out. Extremely diluted or concentrated urine samples should be excluded from such
measurements. Exceedances of reference values, when reliably established and confirmed,
should give cause for efforts to find the exposure sources and for measures to reduce the

exposure where reasonably achievable.

Scientific studies to identify and evaluate the sources of exposure to phthalates are still
ongoing. The results available so far suggest that contaminated foodstuffs may be
responsible for the broad background exposure to high molecular weight phthalates like
DEHP and DiNP. Fat-containing foodstuffs are particularly susceptible to high contamination
with phthalates as the latter accumulate in the fat phase across all processing steps. The
Federal Institute for Risk Assessment (BfR) has published several opinions [24, 118-120]
pointing out that contaminated foodstuffs (e.g. pasta sauces, cooking oils, food in oil, pesto)
may be a significant source of exposure to phthalates. In general, it appears that neither the
consumption of organic food nor the consumption of little-packaged or conventionally
packaged food (e.g. in jars) has a significant influence on phthalate exposure [19, 121].
Likewise, indoor parameters (e.g. house dust, swipe samples), which partly exhibit
considerable phthalate concentrations, do not currently seem to contribute significantly to
phthalate exposure of the general population [15, 17]. Therefore, it is recommended to avoid

hasty cleanup measures (e.g. exchange of PVC flooring or textured wallpaper).

The sources of exposure to low molecular weight phthalates present a much more
heterogeneous picture. In their case, food and other sources seem to have comparable
relevance. For instance, some studies have traced exposure to certain phthalates to the use
of body-care products and cosmetics. Despite the ban imposed, some phthalates can be
detected in perfumes/cosmetics to this day. However, these phthalates are not normally to

be regarded as ingredients, but as unintentional impurities [13]. For some low molecular

22



weight phthalates, GerES IV has found correlations between body burdens and
concentrations in house dust samples [122]. What this finding means still has to be clarified.
The use of phthalate-containing building products, body-care products or other products
might lead not only to elevated body burdens but also, at the same time, to elevated
phthalate levels in the indoor environment. It is generally recommended that indoor spaces

be aired out regularly and surfaces be wiped regularly with a damp cloth.

As already mentioned, enteric coatings and capsules may be a particular source of high
exposures to DnBP. Whether a medication or food supplement contains dibutyl phthalate as
auxiliary substance is indicated in the patient information leaflet under “Other ingredients”.

Medical treatments (e.g. platelet donation) can lead to high exposures to DEHP.

HBM values

The Commission is currently considering the derivation of toxicology-based HBM values for
the phthalates addressed in this opinion. The Commission regards the data base as
sufficient and is planning to derive HBM values as derived for DEHP in 2007 [123].
Furthermore, the Commission is currently discussing the possibility of deriving a cumulative
HBM value for phthalates, taking into account the similar mode of action of the phthalates
addressed in this opinion as well as the fact that the general population is exposed to nearly

all of them at the same time.

Summary

A multitude of HBM studies in recent years have shown that the general population is
broalLODy exposed to a whole range of phthalates. Advances in the analytical methods have
been such that an ever growing number of phthalates can be determined reliably and without
contamination via their specific metabolites in urine. Due to toxicity classifications and use
restrictions in Europe, the phthalate market is in flux. Use of phthalates like DEHP and DnBP
has decreased markeLODy in Europe over the last years whilst other phthalates (like DINP
or DiBP) have become more dominant as substitution products. Data from the ESB show
that the development of internal exposure to the phthalates concerned reflects this change.
Consequently, the DEHP reference values derived in 2007 for children and adults in
Germany (50H-MEHP: 220 pg/L urine; 50xo-MEHP: 150 pg/L urine) were replaced by new -
lower reference - values, and reference values for DiBP, DnBP, BBzP and DIiNP were

derived for the first time.

The derivation is based on representative data on phthalate exposure of children (3-14 years
of age) in Germany, which were generated as part of the GerES IV (2003-2006), as well as
23



on data from the German ESB from 2006 and 2008 which come from a cohort of students
(20-29 years of age) not representative of the population (see Table 8). The samples from
GerES IV are morning voids, whereas the ESB samples are 24-h urines. The reference
values derived separately on the basis of these two study populations are presented in
Table 9. As the phthalate market is changing rapidly, it may be assumed that these
reference values will be applicable for a limited time only. The Commission emphasises once
again that these reference values are purely statistically derived values which per se provide

no indication of the health relevance of the exposure.

A health-related assessment of HBM results or data is possible only for DEHP so far, using
the HBM | value which has been derived for DEHP. The HBM | value describes the
concentration of a substance in a body matrix below which, according to the Commission’s
current assessment, no adverse health effects must be expected and therefore no action
needs to be taken. The HBM | value for the sum of the DEHP metabolites 5OH-MEHP and
50x0-MEHP was set (based on analogy considerations to TDI values) at 500 pg/L for
children (6-13 years of age), at 300 pg/lI for women of childbearing age and at 750 pg/L for
men from age 14 upwards and for the rest of the population. HBM values for the other
phthalates or a HBM value for the sum of endocrine active phthalates are currently being

discussed by the Commission.
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