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1.1. Background information
1.1.1. Hazardous properties
Phthalates (or phthalate esters) and the non-phthalate substitute Hexamoll® DINCH® are a group
of plasticizers with a production volume of millions of tons per year. Phthalates can cause a variety
of adverse effects in humans and in laboratory animals (Koch and Calafat 2009, Mariana et al.
2016) of which the most prominent are the endocrine disrupting and reproductive effects. It has
been shown that some phthalates, such as di(2-ethylhexyl) phthalate (DEHP), butylbenzyl
phthalate (BBzP), di-n-butyl phthalate (DnBP), and di-iso-butyl phthalate (DiBP) induce the socalled phthalate syndrome already at low doses, which covers different reproductive abnormalities
in male offspring of rats exposed during pregnancy with the critical time window of gestation day
15-17. The effects are among others malformations of the testes, epididymides and Gubernaculum
Testis, cryptorchism, hypospadias, reduced semen count and others caused by interference of the
development of fetal Leydig cells, reduced or inhibited testicular testosterone production and
reduced production of insulin-like 3 peptide hormone (HBM Commission, 2011). Not all phthalates
exhibit the reprotoxic and developmental effects described above and not all have the same
endocrine disrupting potency. It seems that the molecular structure of the alkyl side chain is
responsible for the exhibition of the effects, i.e. limited to phthalates with 3-7 (or 8) carbon atoms in
the backbone of the side chain only. The most potent representative is di-n-pentyl phthalate
(DnPeP), followed by DEHP, DnBP, DiBP, BBzP, and dicyclohexyl phthalate (DCHP) with a
comparable potency. Di-iso-nonyl phthalate (DiNP) has a somewhat lower potency to act as an
endocrine disruptor (Gennings et al. 2014). It must be assumed, that similar adverse effects are
also caused in human, since the effects of the phthalate syndrome in rats have similarities with the
observed testicular dysgenesis syndrome in humans (HBM Commission, 2011). In addition,
several epidemiological studies conjecture an association between phthalate exposure and
overweight, insulin resistance, asthma, attention deficit disorder and attention deficit hyperactivity
disorder (Hatch et al., 2010; Engel et al., 2010; Wang et al., 2015, Franken et la., 2017). In terms
of risk assessment it is important to note that mixtures of the above mentioned phthalates have
direct additive effects (Howdeshell et al. 2017), but also additive effects with other endocrine
disrupting chemicals has been demonstrated, even though they function via a different mode of
action (Gray et al., 2006; Rider et al., 2010). Due to increased knowledge of the endocrine
disrupting effects of the above mentioned phthalates, less harmful plasticisers became more
important over the last decade including di(2-propylheptyl) phthalate (DPHP) and Hexamoll®
DINCH®. DPHP due to its molecular structure is thought to have no anti-androgenic effects, but
only minimal data is available. Hexamoll® DINCH® was introduced into the market in 2002 as a
substitute mainly for DEHP and DINP. The currently available data suggests that Hexamoll®
DINCH® has no reproductive effects and is not an endocrine disrupter, but nephrotoxic effects
were observed in a subchronic feeding study in rats EFSA (2006) considered these effects relevant
for the derivation of a TDI of 1 mg/kg BW (Gennings et al., 2014). However, a study of women
undergoing in vitro fertilization treatment by Mínguez-Alarcón al., 2016 showed suggestive
negative associations between urinary MINCH concentrations and peak estradiol levels and

numbers of total oocyte yields with stronger associations in older women compared to younger
women (Mínguez-Alarcón al., 2016). In animal studies effects on the thyroid gland are observed
but were considered as secondary effects associated with liver enzyme induction and therefore of
limited relevance to humans (EFSA, 2006).

1.1.2. Exposure characteristics
Phthalates, more specifically orthophthaltes are the most commonly used plasticers globally with
an annual consumption of 8.4 million tons. Orthophthalates are made of alcohols with long alkyl
chains and 1 million tons of orthophthalates are produced each year in Europe, which represent
80% of the plasticiser market. Depending on their molecular structure, they can be differentiated
into low molecular weight orthophthalates (LMW) and high molecular weight (HMW) with different
physico-chemical properties resulting in different applications. The latter include DEHP, DiNP, diiso-decyl phthalate (DiDP) or di-2-propylheptyl phthalate (DPHP) of which the majority is used in
flexible polyvinyl chloride (PVC) products such as flooring, wires and cables, sport equipment, toys,
coated textiles, footwear, synthetic leather and others. DEHP is also used in PVC medical devices
(Koch & Angerer, 2011). The LMW phthalates comprise DiBP, BBzP, DnBP, diethyl phthalate
(DEP) and dimethyl phthalate (DMP) are more volatile and have plasticising and solvent-like
properties. Therefore they have various other applications in addition to PVC products such as
gelling plasticizers, paints, dispersions, and adhesives, but also as solvents in insect repellents
(DMP) and in cosmetics (DEP). DEP and DnBP are also used in enteric-coated tablets/capsules as
enteric film-coating materials or matrix binder (Wittasek, 2011). Hexamoll® DINCH®, due to its low
toxicity and low migration rate, is used in soft PVC-containing medical devices such as blood bags,
in food contact materials, such as artificial wine corks, in sports equipment and textile coatings, in
wallpaper, paints and inks, adhesives and in cosmetics and toys. In the latter, Hexamoll® DINCH®
is thought to be the most used plasticiser alternative.
However, DnBP, DIBP, BBzP, DEHP, DMEP, DnPeP, DiPeP are generally not allowed to be
placed on the EU-market, when used as individual substances or in mixtures for supply to the
general public when concentration limits are equal to or exceed 0,3%. In addition, DEHP, DnBP,
BBzP, DEMP, DnPeP, DiPeP and DHNUP are prohibited for use in cosmetics in the European
Union. Nevertheless, consumer articles (e.g. from Asia or USA) can contain phthalates since there
is no such strict restriction for the use of phthalates in consumer articles up to now.
Since phthalates are not chemically bound to the (plastic) materials, they can leach, migrate or
evaporate into indoor air and atmosphere, foodstuff or other materials and so are of ubiquitous
presence in the environment (Heudorf et al. 2007). Therefore, plasticizers can be taken up by
ingestion, inhalation and dermal contact. Whereas for HMW phthalates the main source of
exposure is via food originating from contamination, e.g. via food contact materials (Wittassek et al.
2011; ECHA, Background document to the restriction proposal, 2017), especially for DEHP but
also for DiNP, the exposure to LWM phthalates from food contribute to the overall exposure to a
minor degree (Koch, 2011, Bdgbl). Inhalation of indoor air, exposure via ingestion of house dust by
children and dermal contact with articles and dust can also be sources of exposure, especially for
the short chain phthalates. Fromme et al., 2013b found significant correlations between phthalate
concentrations in dust samples and urinary levels of DnBP, BzBP, but also for DEHP. In addition,
medical treatment can lead to high exposure towards certain phthalates. For example, an exposure
source for DEHP can be medical devices, such as tubes in blood transfusion. Long-term treatment
with enteric-coated tables/capsules can lead also to high exposure of DEP and DnBP.
Several human-biomonitoring studies in the EU, US and Asia were conducted, showing that the
ubiquous use of phthalates lead to a continuous internal exposure of the general public. Phthalate
metabolites are being detected in a high percentage of the study population, sometimes present in

each urine sample investigated (Bermann et al., 2013; Huang et al., 2016; Koch et al., 2017; Ye et
al., 2008;). Comparison of exposure estimates between studies from the DEMOCOPHES project
revealed a clear age difference. Levels of metabolites were in general higher in children than in
mothers, which is confirmed also by other studies (ECHA, 2016; Hartmann et al., 2015;
Frederiksen et al., 2013; Becker et al., 2009; Geens et al., 2014). The relative metabolite levels
differed among countries, with Swedish children having higher urinary MBzP levels than the
European average, Slovak children having two times higher concentrations of DEHP metabolite
levels than the European average and Polish children showed highest levels of MnBP and MiBP.
In Spain, average MEP levels were six times higher than the European average. However,
exceedance of health-based guidance values, in particular HBM-I values and BE values, were only
reported for few cases, i.e. for DEHP metabolites in mothers and children (Den Hond, 2015).
Furthermore, results of some of the above-mentioned studies also suggest, that exposure to high
levels of one phthalate metabolite is positively correlated with high exposure of one of the other
phthalate metabolite (ECHA, 2016; Becker et al., 2009; Frederiksen et al., 2013). However, this
cannot be confirmed by results of the DEMOCOPHES study (Den Hond et al., 2015). In the
Restriction Report of ECHA (2016) risk characterisation ratios (RCRs) for the health of the general
public were calculated based on DEMOCOPHES data revealing that in 13 out of 15 Member
States of the EU RCRs for combined 95th percentile exposure for DEHP, DnBP, BBzP and DiBP
are at or above 1 for children (ECHA, 2016). This stresses the fact, that cumulative risk
assessment is crucial to accurately determine the hazards originating from phthalates exposure.
Since endocrine active phthalates can act in a dose additive manner and humans simultaneously
are exposed to multiple phthalates, cumulative exposure to phthalates might exceed health-based
guidance values and therefore pose a risk to the public health.
Nonetheless, phthalate use in the industry and in the consumer environment has changed
dramatically during the past decade due to regulatory restrictions. Recently, Koch et al.,
investigated the time trend of phthalates exposure using urinary samples from the German
Environment Specimen Bans (ESB) regularly taken in the time frame of 1988 until 2015. They
showed that the exposure to old, well-known and restricted phthalates (DEHP, DnBP, BBzP) has
decreased. When comparing DEMOCOPHES data to older studies, a significant decline in
exposure was also seen for Germany and Denmark (ECHA, 2017). Exposure to the metabolites of
the substitutes Hexamoll® DINCH® has increased in Germany and in Sweden (Koch et al, 2017;
Gyllenhammar et al., 2017). The population may also be significantly exposed to newer phthalates
like DiNP and DPHP and one can assume that the European population will still be exposed to
restricted phthalates in the future, e.g. due to long lifetimes of articles, recycled PVC and from
remaining authorised uses or uses that are not restricted. Concerning occupational exposure there
is only limited data on the exposure of workers to different phthalates in the plastic industry, but the
same trends as for consumers are considered relevant.

1.1.3. Technical aspects
In the course of human biomonitoring of phthalates, the concentration of the degradation products
(metabolites) are commonly analysed in urine due to its non-persistent nature, since urinary
concentrations of the compounds and their metabolites are usually higher than in blood. After
exposure, phthalates rapidly metabolised and are completely excreted within 24 hours (Wittasek,
2001). Therefore, it is important to have comprehensive knowledge on the metabolism of the
respective compound. LMW phthalates are generally determined via their primary monoester
metabolites, whereas HMW phthalates are determined via their oxidised metabolites. The longer
the alkyl side chains are the stronger is the oxidative modification of the monoester. Therefore, the
LMW phthalates are excreted mainly as their monoesters and to a lesser extent as their oxidative
metabolites. The HMW are excreted mainly as their oxidative metabolites and to a lesser extent as

their simple monoesters. For some monoesters, e.g. MnBP, MiBP, MEHP and MiNP an internal
and external contamination control is warranted. Due to the omnipresence of phthalates and
usage in laboratory equipment external contamination of the sample with the parent compound or
their monoester can occur. Biodegradation can lead to the contamination of the samples with
monoesters, since they cannot be distinguished from the monoester that indicate the body burden.
HMW phthalates as DiNP and DiDP are challenging due to their presence in different isomers.
Separation of the isomers is difficult and experience is needed to identify the various isomers in the
chromatogram.
For most of the phthalates discussed here, a solid mass spectrometry method exist. However, until
today there is no method available that can distinguish between DPHP and DIDP metabolites since
they have the same molecular mass and similar retention times in HPLC (high-performance liquid
chromatography). DPHP metabolites can be determined separately using a GC-MS method.
Hexamoll® DINCH® metabolites can be measured using a LC-MS/MS but an external quality
assessment scheme is currently not available. No or insufficient methods exist for DiPeP, DMEP
and DHNUP.

1.1.4. Policy relevance
DEHP, DnBP, DiBP, BBzP, DnPeP, DiPeP, DHNUP, DnHP and DMEP are classified as
reproductive toxicants category 1B under Annex VI to the Classification, Labelling and Packaging
(CLP) regulation (EC 1272/2008). Due to their reprotoxic properties and for DEHP, BBzP, DnBP
and DiBP since 2017 additionally due to their endocrine disrupting properties, these substances
have been identified as substances of very high concern (SVHC) and therefore included in the
candidate list for the inclusion in Annex XIV of the REACH regulation (Annex XIV of REACH EC
1907/2006). Four of the nine above mentioned phthalates are already subject to authorisation,
namely DEHP, BBzP, DiBP and DnBP. Since February 2015 they must not be used within the
European Union without authorisation. Applications for authorisation were submitted for DEHP and
DnBP only. There are Commission decisions on some authorisations, others are currently under
evaluation. However, imported goods do not come under the authorisation requirement. Since
June 2017, three other phthalates are included in the Authorisation List: DiPeP, DMEP and DnPeP
with a sunset date of July 2020.
The current restrictions under REACH also cover some phthalates to a certain extent. Reprotoxic
substances, such as DEHP, BBzP, DnBP, DIBP, DnPeP, DiPeP, DCHP, DHNUP, DnHP and
DMEP are generally not allowed to be placed on the market, in the EU as individual substances or
in mixtures for supply to the general public when concentration limits are equal or exceed 0,3%.
Furthermore, the use of DEHP, DnBP, DiBP and BBzP is restricted in plasticised materials of all
toys and childcare articles with a concentration limit of 0.1% by entry 51 of Annex XVII to REACH.
In addition, DiNP, di-n-octyl phthalate (DnOP), DiDP are restricted for all children’s toys and
childcare articles that can be placed in children’s mouth with a concentration limit of 0.1% by entry
52 of Annex XVII to REACH. Current efforts for a further restriction of DEHP, DnBP, DiBP, and
BBzP have been initiated by ECHA in the form of an Annex XV restriction dossier in April 2016 and
is now up for decision by the Commission. If decided upon positively the restriction in articles will
take effect probably 2020 or 2021.
For Hexamoll® DINCH® an analysis of the most appropriate risk management option (RMOA,
January 2016) was conducted by the French Agency for food, environmental and occupational
health & safety (ANSES). As a result the suspicion of reprotoxicity and endocrine disrupting
properties could not be confirmed. The effect on the thyroid gland observed in rats after exposition
of Hexamoll® DINCH® cannot be generally applied to humans due to the higher susceptibility of
the thyroid tissue to contaminants in rats and the relatively high doses used. The possible
carcinogenicity in humans was negated. Furthermore, impairment of the environment was also

negated, due to the production and use patterns. As a consequence, currently no further risk
mitigation measures are necessary.
In addition to the REACH legislation, there is also a product-specific legislation which regulates
certain phthalates, i.e. the Cosmetic Products’ Regulation (EC/1223/2009) and the regulation on
plastic materials and articles intended to come into contact with food (EC 1935/2004 and Directives
80/590/ECC & 89/109/ECC), more specific the Regulation for Plastics Implementation Measure
(10/2011/EC). In the Cosmetic Products’ Regulation, Article 15 outlines the prohibition of CMR
substances in cosmetic products. Furthermore, Annex II lists the substances that are prohibited for
use in cosmetics. These include the following: DEHP, DnBP, BBzP, DMEP, DnPeP, DiPeP and
DHNUP. In Annex I (Union List) of the regulation on plastic materials and articles intended to come
into contact with food, all substances are listed, which are authorised for the use as starting
material, excipient or additive for plastic layers in plastic materials and articles. Each substance
must not exceed its specific migration limit (SML). The following phthalates and phthalate
substitutes are authorised for use as excipient or additive: DEHP with a SML of 1.5 mg/kg
foodstuff, BBzP with an SML of 30 mg/kg foodstuff, DnBP with a SML of 0.3 mg/kg foodstuff and
DiNP, DiDP and Hexamoll® DINCH®. Thereby apply different use restrictions. DnBP, BBzP,
DEHP, DiNP and DiDP can only be used as plasticiser for articles which come in contact with
fatless foodstuff and BBzP, DiNP and DiDP cannot be used in articles containing infant formulas.
Furthermore, for DnBP, BBzP, DEHP, DiNP, DiDP and Hexamoll® DINCH® applies a group
restriction, that is, the sum of these substances must not exceed an SML of 60 mg/kg foodstuff.
Annex I, Part II, Article 7.5 of the Medical Device Directive (93/42/EWG) states that medical
devices containing phthalates classified as CMR must be labelled and if these are intended to be
used for children, nursing mothers and pregnant women the manufacture must give a specific
justification for this use.
DEHP, BBzP, DnBP and DiBP must not be contained in homogenous materials above the
concentration of 0.1% from July 2019 on according to the Restriction of Hazardous Substances
Directive in electrical and electronic equipment RoHS2 (2011/65/EC). For medical devices and invitro diagnostic products this restriction takes effect in July 2021.
For some of the phthalates human biomonitoring assessment values, namely Biomonitoring
equivalents (BE) or HBM I values, have been derived – these are concentrations of biomarkers
(metabolites) in urine, which reflect an acceptable chronic exposure, since the basic assumption is
an equilibrium between external exposure and internal burden (Angerer et al. 2011, Apel et al.
2017). BE values have been derived for the Category A phthalates and HBM I values are available
for DEHP, DPHP and Hexamoll® DINCH®. In the course of the work done within the HBM4EU
project EU-wide health-based guidance values for the general population (HBM HBGVGenPop) could
be derived for DEHP and Hexamoll® DINCH® and for workers (HBM HBGVworkers) for DEHP (see
HBM4EU Deliverable D5.2).

1.1.5. Societal Concern
Phthalates are a well-known group of plasticisers and are widely used since the 1920s. Due to the
endocrine disrupting properties, some phthalates have been assigned with labelling requirements
and use restrictions already in the late 1990s. Since then phthalates as a group are of great
societal concern due to their toxicity to reproduction and omnipresence in the biological matrices of
humans. Greenpeace conducted several studies addressing phthalates in consumer products and
the potential health effects emerging from its endocrine disrupting effects (Greenpeace, 2006).
Many websites inform the public worldwide about consumer products free of phthalates.
Furthermore, efforts have been made to reduce the phthalate uses in cosmetics and toys beyond
the scope of European regulation as in the US, Japan and China. In addition, industry already

substituted many of the endocrine disrupting phthalates with less potent or no endocrine disrupting
substances, such as Hexamoll® DINCH®. All phthalates discussed here, except DPHP and the
substitute Hexamoll® DINCH® are included in the SIN list.

1.2. Categorisation of substances
Table 1: Substances included in the substance group, listed according to availability of toxicology
and human biomarker data, in category A, B, C, D or E substances based on the Prioritisation
Strategy and criteria elaborated under WP4, Year 1 (Deliverable D4.3)
Cat.

Abbrev./
Acronym

Systematic
name

DEHP

Di(2-ethylhexyl)
phthalate

BBzP

Butyl benzyl
phthalate

DnBP
DiBP

Di-n-butyl
phthalate
Diisobutyl
phthalate

CAS No.

117-81-7

85-68-7

84-74-2
84-69-5

A
DEP

DiNP

Diethyl phthalate

Diisononyl
phthalate

84-66-2

Classification
(CHL/Annex III entry)
CLH: Repr. 1B
CLH: Repr. 1B;
Aquatic Acute1;
Aquatic Chronic 1
CLH: Repr. 1B;
Aquatic Acute 1
CLH: Repr. 1B

Di-n-octyl
phthalate

117-84-0

DiDP

Diisodecyl
phthalate

26761-40-0 /
68515-49-1

B

REACH Annex XIV;
Annex XVII, Entry 51
REACH Annex XIV;
Annex XVII, Entry 51
REACH Annex XIV;
Annex XVII, Entry 51
REACH Annex XIV

Self classification:
Acute tox3; STOT RE
2; Eye Irrit.2; STOT SE
3; Skin Irrit. 2; Repr. 2;
Aquatic Chronic 1
REACH Annex XVII,
Entry 52; proposed for
harmonised
classification as Repr.
1B by DK

28553-12-0 /
68515-48-0

DnOP

Regulation

Entry on Annex III
Inventory:
Susp.carcinogen;
Susp. hazardous to
aquatic environment;
Susp. skin sentisizer;
Susp.
bioaccumulative;
Susp. toxic for
reproduction
Entry on Annex III
Inventory:
Susp.carcinogen;
Susp. hazardous to
aquatic environment;
Susp. persistent in the
environment; Susp.
skin sentisizer

REACH Annex XVII,
Entry 52

REACH Annex XVII,
Entry 52

Cat.

Abbrev./
Acronym

Systematic
name

CAS No.

DMP

Dimethyl
phthalate

131-11-3

DnPeP

Di-n-pentyl
phthalate

131-18-0

DCHP

Dicyclohexyl
phthalate

84-61-7

DPHP

Di(2-propylheptyl)
phthalate

53306-54-0

Hexamoll
®DINCH®

Diisononyl
cyclohexane-1,2dicarboxylate

166412-78-8

DiPeP

Di-isopentyl
phthalate

605-50-5

DHNUP

Di-C7-11-(linear
and branched)alkyl phthalate

68515-42-4

C

Classification
(CHL/Annex III entry)
Self classification:
Acute tox 3; Eye
Irrit.2; STOT SE 3;
Skin Irrit. 2; Repr. 2;
Aquatic Acute 3;
Aquatic Chronic 1
CLH: Repr. 1B
Aquatic Acute 1
Entry on Annex III
Inventory:
Susp.carcinogen;
Susp. hazardous to
aquatic environment;
Susp. skin sentisizer;
Susp.
bioaccumulative;
Susp. toxic for
reproduction
CLH: Repr. 1B, Skin
Sens.1

Entry on Annex III
Inventory:
Susp.carcinogen;
Susp. hazardous to
aquatic environment
CLH: Repr. 1B;
Aquatic Acute1
CLH: Repr. 1B;
Entry on Annex III
Inventory:
Susp.carcinogen;
Susp. hazardous to
aquatic environment;
Susp. skin sentisiser;
Susp. toxic for
reproduction

Regulation

REACH Annex XIV

CoRAP list; currently
under Substance
Evaluation for potential
ED properties
CoRAP list; currently
under Substance
Evaluation for potential
ED properties

REACH Annex XIV

REACH Annex XIV

Cat.

Abbrev./
Acronym

Systematic
name

CAS No.

DnHP

Di-n-hexyl
phthalate

84-75-3

DMEP

Di(methoxyethyl)
phthalate

117-82-8

Classification
(CHL/Annex III entry)
CLH: Repr. 1B
Entry on Annex III
Inventory:
Susp. carcinogen;
Susp.hazardous to the
aquatic environment;
Susp. mutagen;
Susp.persistent in the
environment; Susp.
respiratory sensitiser;
Susp. skin irritant;
Susp. skin sensitiser
CLH: Repr. 1B
Entry on Annex III
Inventory: Susp.
carcinogen; Susp.
hazardous the the
aquatic environment;
Susp. mutagen

Regulation

SVHC on the candidate
list, recommended for
inclusion on REACH
Annex XIV

REACH Annex XIV

1.2.1. Categorisation according to the Prioritisation Strategy and criteria
elaborated under WP4, Year 1 (Deliverable D4.3)
Category A is defined as “substances for which HBM data are sufficient to provide an overall
picture of exposure levels across Europe, and interpretation of biomonitoring results in terms of
health risks is possible. Risk management measures have been implemented at national or
European level. Improvement of knowledge for these substances will therefore focus on policyrelated research questions and evaluation of the effectiveness of existing regulatory measures.”
Category B is defined as “substances for which HBM data exists, but not sufficiently to have a
clear picture across Europe. Also, knowledge on the extend of exposure, levels and impact on the
human health should be improved, in order to give policy makers relevant and strategic data to
establish appropriate regulations and improve chemical risk management. Analytical method and
capacities to monitor the substances across Europe might have to be improved.”
Category C is defined as “substances for which HBM data scarcely or doesn’t exists. Efforts to
develop an analytical method to obtain relevant HBM results need to be done Hazardous
properties of the substances are identified, yet greater knowledge on toxicological characteristics
and effects on the human health is needed. Interpretation of HBM data is not possible, due to the
lack of HBM guidance values.”
Category D is defined as “substances for which a toxicological concern exists but HBM data are
not available. HBM4EU research may be focused on the development of suspect screening
approaches permitting to generate a first level of data enabling to document the reality of human
exposure and better justify further investment in a full quantitative and validated method
development.”
Category E is defined as “substances not yet identified as of toxicological concern and for which
no HBM data are available. A bottom-up strategy will be applied, consisting to non-targeted
screening approaches coupled to identification of unknowns capabilities for revealing, and further

identifying, new (i.e. not yet known) markers of exposure related to chemicals of concern for HBM
(parent compound or metabolite).”

Justification of Grouping:
DEHP, BBzP, DnBP, DiBP, DEP and DiNP were categorised as Category A substances since
HBM data is available for at least one country from one of the four geographical regions of the
European Union defined by the UN. Furthermore, for all substances well-established analytical
methods exist and all substances, except DEP are regulated. DEP and DiNP are the only ones in
this category which are not classified as toxic for reproduction 1B. However, Denmark suggested
to classify DiNP as toxic for reproduction 1B.
DiDP, DnOP, DMP, DnPeP, DCHP, DPHP, Hexamoll®DINCH® were categorised as Category B
substances since HBM data is available for some countries, but lacking for at least two of the four
geographical regions of the European Union defined by the UN. For most of the substances
established analytical methods are available, but might need to be quality assured and/or
harmonised. Currently, the metabolites for DPHP and DiDP cannot be distinguished and
improvement of analytical methods are needed. Three of these phthalates are regulated and two
are currently under evaluation for ED properties.
DiPeP, DHNUP, DMEP and DnHP were categorised as Category C substances, since only little
HBM data exists. Methods only exists to measure DHNUP and further research on metabolism and
feasibility of method development are needed. However, all substances are classified as toxic to
reproduction 1B and three of four are on the authorisation list, with DnHP being recommended for
inclusion to this list.

1.2.2. Additional information:
DnOP (category B): doesn’t exist on the EU market. See page 14 of the ECHA review report:
https://echa.europa.eu/documents/10162/31b4067e-de40-4044-93e8-9c9ff1960715. However, DnOP
metabolites are detected in humans even though to a lesser extent than other phthalates
(Frederiksen et al., 2015; Zeman et al., 2013). DnOP do seem to not have antiandrogenic effects,
but indications for systemic toxic effects on liver, thyroid, immune system and kidney exist. Due to
the scarce data basis, monitoring of the exposure and further research on toxicity is warranted.
DHNUP (category C): It is not registered under REACH. There is almost no information available
about this phthalate which suggests that it is not on the market or only has a very marginal market.
E.g. Health Canada 2015: stopped at screening assessment because lack of exposure.
(https://www.canada.ca/en/health-canada/services/chemical-substances/challenge/batch-6/dhnup.html).

DMEP (category C): It is not REACH registered and it is unlikely that there is significant use in the
EU.
However, import of goods is not covered by the authorisation of substances under REACH and no
restrictions are in effect for these substance. In addition, it has been demonstrated that exposure
patterns differ between countries within the EU (Den Hond et al., 2015) and between EU and U.S.
(Koch et al., 2017). Therefore, it is suggested to include these substances in the priorisation list of
phthalates to be able to monitor their possible occurrence in human matrices within the European
population.

1.3. Objectives / Policy related questions
Exposure characteristics

1.
2.
3.
4.
5.

Which are the most sensitive, reliable and cost effective methods and biomarkers to measure
phthalates and Hexamoll® DINCH®?
What is the extent of the current exposure of the EU population to the 16 phthalates (Cat A, B
and C) and their substitute Hexamoll® DINCH®?
Do the exposure levels differ significantly between the countries?
What are the main sources of exposure and the reasons for differences in exposure (different
regulations in different countries) to phthalates and Hexamoll® DINCH®?
What are the high exposure groups? (Is there a statistical significant and toxicological relevant
difference in mean concentration between adults and children? […] between occupational
exposed and non-exposed adults? […] between male and female?

Monitoring the success of existing policy actions and assessing the needs for further regulation
6. Are there different time trends for unregulated (DEP, DMP, DCHP, DPHP) and regulated
phthalates (DEHP, BBzP, DnBP, DiBP, DinP, DnOP) and Hexamoll® DINCH®? (Starting with
Cat. A substances for which methods can be standardized in AWP 2)
7. How effective have the different mitigation steps and regulations been for phthalates?
7a) Had the restriction under REACH the favourable impact, that is a reduction of GM/median
concentrations of the already restricted phthalates (DEHP, BBzP, DnBP, DiNP, DiDP, DnOP),
especially for children from 2007 until today (2018-2021)?
7b) Was the introduction of the Authorisation obligation under REACH effective enough to
protect European citizen? Is there a sufficient decrease of the Cat. A substance levels subject
to authorisation (GM/median) in the European population (general/children?) from year 2015
until today (2018-2021) (i.e. DEHP, DnBP, DiBP, BBzP)? Are there differences between
countries?
7c) Had the identification as SVHC already an impact on the reduction of the phthalate
exposure of the population (i.e. Did the exposure of a certain substance decline after the
substance is identified as SVHC)?
Impact on human health
8. Is the exposure to phthalates and their substitutes of health-relevance for the general
population and vulnerable groups (inter alia children and pregnant women)? What part of the
population has exposure levels exceeding the HBM guidance values - if existing- or TDI)?
9. Does the health relevance depend on age and gender?
10. Can EU wide accepted HBM guidance values be derived for single substances and for the
additively acting phthalates?
11. How can cumulative risks of phthalates and other anti-androgenic substances be assessed for
their health relevance? Are their additive effects relevant for regulation?
Usage of HBM4EU results for policy making
12. How can HBM4EU results feed into the regulatory decisions of ECHA and EFSA?
13. What is the economic impact of phthalates and substitute exposure?

Table 2: Listing of research activities to be carried out to answer the policy questions concerning phthalates & Hexamoll® DINCH®
Policy Question
1. Which are the most
sensitive, reliable and
cost effective
methods and
biomarkers to
measure phthalates
and Hexamoll®
DINCH®?

Substances
Cat. A-C

Cat. A

2. What is the extent
of the current
exposure of the EU
population to the 16
phthalates (Cat A, B
and C) and their
substitute Hexamoll®
DINCH®?

Cat. B

Cat. C

Available knowledge related to policy
question
Methods available to measure the
metabolites of all parental compounds,
except: DiPeP, DMEP and DHNUP; method
exists to measure 21 metabolites covering
11 parental compounds simultaneously but
not quality assured- costs differ between
countries/labs; not possible to distinguish
DiDP and DPHP metabolites
Cat. A substances are expected to be
detected in most countries based on
experience of DEMOCOPHES; In Year 1 an
extensive review will be conducted by Task
7.1 to get an overview of recent studies in
the European Union
Cat. B substances are likely to be
increasingly detected in the European
Population such as DINP, DPHP &
Hexamoll® DINCH®? due to its usage as
substitutes for known endocrine disrupter
phthalates
For Cat. C substances no data on exposure
is available and for most no uses are
registered within the EU, however exposure
patterns differ between countries and
authorisation under REACH does not cover
import

Knowledge gaps / Activities needed to answer policy question
▸

▸

▸

▸

Need to be investigated, for which of the substance a method is
available and for which not (WP9, Y1); if quality assured or not & if
there is a need for new method development
if there is a need for generating biomonitoring data, cost-benefitanalysis has to be done for determination of phthalates to be measured
in national studies (WP8)

The Statistical Analysis Group will determine if the existing exposure
data are sufficient to derive valid and general statements for the
exposure of the European Population and derive reference values,
where possible (WP10, Y2)
Studies on metabolisation are needed, in order to develop a method for
the following phthalates: DnHP (analogies to DnPeP likely), DHNUP
(analogies to HMW (high molecular weight) phthalates such as DEHP
DiNP and DiDP likely), DiPeP and DMEP (analogies to DnPeP likely)
(WP9)
▸ Prior to method development, it should be determined, if there is a
need for the monitoring of Cat. C phthalates in human matrices
(Extrapolation of exposure data from other countries, e.g. US,
Canada, Asia: WP5, Y2 or prioritisation exercise (WP4, Y2)
▸ Data will be generated in targeted studies and from biobanked
samples if available for Cat. B and Cat. C substances (Y3, Y4 in
WP8 with preparatory work conducted in WP7 (Y2-Y3)

Cat. A

3. Do the exposure
levels differ
significantly between
the countries?

Cat. B

Cat. C

4. What are the main
sources of exposure
and the reasons for
differences in
exposure (different
regulations in
different countries) to
phthalates and
Hexamoll® DINCH®?

Cat. A & B

Based on the DEMOCOPHES data
(sampling year 2011-2012) differences in
countries are expected (higher concentration
of Cat. A substances in Eastern Europe),
but also similar exposure patterns where
observed for Germany, Netherlands,
Denmark, Israel
Human biomonitoring data is scarce (only
available for some countries with different
population groups measured, e.g. Germany,
Sweden)

For Cat. C substances no data on exposure
is available and for most no uses are
registered within the EU
Differences of exposure sources exist for
HMW phthalates and LMW phthalates: for
the first mainly food and indoor air & for the
latter others than food; also specific
exposure sources exist for DEHP, DiBP
(medical devices, medications)

▸

The Statistical Analysis Group will determine if the existing exposure
data are suitable for comparison between countries (WP10) and if so
compare data sets and/ or reference values per country (Y2)

▸

We need to answer Question 2 first to be able to recognise differences
in exposure depending on geographical origin (Y2-Y3); if not possible
to obtain results based on existing data (Statistical Analysis Group,
WP10) targeted studies need to be conducted (WP8; Y3-Y5) or
targeted analysis in existing biobanked samples should be conducted
(WP9; Y2-3)
▸ Should be determined, whether there is a need for the monitoring
of Cat. C phthalates in human urine (Comparison of exposure data
from other countries, e.g. US, Canada, Asia) (WP5; Y2)
Exposure determinants for LMW phthalates will be investigated by the
Statistical Analysis Group (WP10) to identify sources of exposure per
single substance and substance group (Y2)
By means of reverse PBTK modelling identification of the contribution
of different routes of exposure to the total exposure can be estimated
(WP12; Y2-3)

▸

▸

5. What are the high
exposure groups? (Is
there a statistical
significant and
toxicological relevant
difference in mean
concentration
between adults and
children? […]
between occupational
exposed and nonexposed adults? […]
between male and
female?
6. Are there different
time trends for
unregulated (DEP,
DMP, DCHP, DPHP)
and regulated
phthalates (DEHP,
BBzP, DnBP, DiBP,
DinP, DnOP) and
Hexamoll® DINCH®?
7. How effective have
the different
mitigation steps and
regulations been for
phthalates?

Cat. A & B

Based on biomonitoring studies in Europe
(DEMOCOPHES project and others) it can
be observed that children are exposed to a
higher extend than adults; only slight
differences expected for male and female
population; data on the exposure of workers
is lacking, but a higher exposure to
phthalates are assumed

▸

▸
▸

▸
▸

Cat. A & B

Time trend analysis in Germany, Sweden,
Flanders suggest a decline of regulated
phthalates (e.g. DEHP, DiBP; BBzP, DnBP),
whereas DiNP & DPHP & the substitute
Hexamoll® DINCH®? show an increasing
trend

▸

▸

▸
▸

Need to be investigated whether there is a difference in the exposure
levels of male and female population by comparing exposure levels
based on existing data (Statistical Analysis Group, WP10; Y2)
Statistical Analysis Group will also determine different exposure levels
of different age groups depending on the data available (WP10; Y2)
Need to be determined whether data on occupational population is
existing (WP7; Task 7.1; Y1); if so Statistical Analysis Group will also
determine different exposure levels of occupational population in
comparison with general population (WP10; Y2)
Targeted occupational studies for phthalate exposure (e.g. in plastic
and construction sectors) will be planned (WP8; Y2)
Occupational exposure will be estimated (WP12, Y4)

Does this apply to other countries as well? Are time trends available for
other countries? To answer these questions gap analysis need to be
performed (WP7; Y1) and comparability of data available need to be
evaluated and analysed (WP10; Y2)
Do the different regulation steps (Identification as SVHC; Restriction,
Authorisation) have a direct impact on the phthalates exposure
patterns in the EU population? (WP10)
Does the authorisation process stimulates substitution? (WP10)
Is the current regulation system effective enough to reduce exposure
to phthalates? How affect the different regulation steps the exposure
patterns? Are there differences? Do we need further regulation to
reduce the health-risk? (WP10, WP5)

8.
Is the
exposure to
phthalates and their
substitutes of healthrelevance for the
general population
and vulnerable
groups (inter alia
children and pregnant
women)? What part
of the population has
exposure levels
exceeding the HBM
guidance values - if
existing- or TDI)?

Cat. A & B

Cat. A

9. Does the health
relevance depend on
age and gender?

Cat. B/C

German HBM values are available for the
sum of DEHP metabolites, Hexamoll®
DINCH®? metabolites, DPHP metabolites;
BE values exist for sum of DEHP
metabolites

▸

Sensitive groups for health effects resulting
from phthalates exposure are pregnant
women and their foetuses based on the
endocrine disrupting effects on the male
reproductive tract development and effects
on neurodevelopment (both male and
female infants and young children);
phthalates exposure is also associated with
obesity in older women

▸

▸

▸
▸
▸

Compare current exposure data (reference values) with EU healthbased guidance values, if available (derived in WP5 Hexamoll®
DINCH®, DEHP: Y1; DPHP, DiBP, BBzP, DnBP: Y2; ) or if not
available other as German HBM values and BE values
Exposure and specific determinants will be assessed and compared to
toxicological threshold values and vulnerable groups and geographical
hot spots where policy actions are required can be identified using
PBTK modelling (WP12, Y2-3)

Epidemiological studies investigating effects on neurodevelopment in
infants and children/male reproductive tract development should be
compared and statistically analysed (meta-analysis) to strengthen the
correlation of age, gender and other determinants with
single/cumulative substance exposure (WP11, WP10)
Use of AOPs to establish associations of health outcomes and
exposure (WP13; Y3-4)
Estimation of the burden of disease of phthalates and EDCs in general
for EU population (WP5)
Same can be assumed for Cat.B&C substances, if reprotoxic potential
is given; for Hexamoll® DINCH® and other phthalates thought to be
no endocrine disrupting chemicals health-relevant determinants should
be investigated (WP10, WP11, WP13)

Cat. A & B

10. Can EU wide
accepted HBM
guidance values be
derived for single
substances and for
the additively acting
phthalates?

11. How can
cumulative risks of
phthalates and other
anti-androgenic
substances be
assessed for their
health relevance? Are
their additive effects
relevant for
regulation?

For some single substances German HBM
values exist and within 1 year, it can be
determined whether EU wide health-based
guidance values can be derived

▸

▸

▸
Cat. C

For those substances, exposure data is
scarce, if available at all. No BE or German
HBM values exist.

▸

Cat. A-C

Since many relevant phthalates have similar
toxicological profiles, a cumulative
assessment is important in order to not
underestimate risks. A decision is needed on
which substances of the phthalate group
should be included in such an additive
approach. Basis for this should be similar
adverse effects (function that is disrupted)
and not only the mode of action.

▸

▸

WP5 will develop a concept to derive EU wide health-based guidance
values (Y1) and will determine for which single substances it is
possible and develop a time frame for the derivation of EU wide healthbased guidance values (Y1)
In Y2-Y3 WP5 will examine the possibility of an aggregated (EU-wide)
health-based guidance value for phthalates in close collaboration with
WP15
WP15 will further develop on the scientific basis for a cumulative risk
assessment
Lack of exposure data makes it difficult to derive health-based
guidance values  need to be determined, whether it is suitable and
useful to derive values for Cat. C substances (WP5; Y2-Y5) based on
gap analysis (WP7, task 7.1; Y1)
Basis for a cumulative risk assessment should be similar adverse
effects (function that is disrupted, here anti-androgenic effects) and not
only the mode of action. (WP15)
WP5 will in close collaboration with WP15 assess the feasibility of
deriving an HBM health-based guidance value for combined phthalate
exposure (Y2-Y3) and explore health risk assessment (HRA) and
health impact assessment (HIA) of combined exposure for phthalates

▸

Cat A & B

▸
12. How can
HBM4EU results feed
into the regulatory
decisions of ECHA
and EFSA?

▸

▸

Cat A
13. What is the
economic impact of
phthalates and
substitute exposure?

Legler et al., 2015 estimated obesity,
diabetes and associated costs attributed to
EDCs including phthalates in the EU.
According to their calculations exposures to
phthalates contribute substantially to obesity
in older women, with a moderate probability
of €15 billion costs
per year

▸

EU-wide health-based guidance values will be derived for phthalates
(WP5, Y1-2), which are a useful tool to determine if a concern to
human health exist for the exposure to phthalates and therefore
measures need to be taken
In WP5 the improved use of HBM in health risk assessment (HRA) and
in health impact assessment (HIA) for phthalates will be explored (Y1)
and case studies will be performed on the integration of HBM
information in HRA and HIA for phthalate substitutes as DPHP and
Hexamoll® DINCH® including the EU-wide health based guidance
values and reference values (WP10) in Y2
Method for HBM-based indicators will be developed (WP5; Y1) and
applied on single substances and the use of substance groups (as
phthalates) will be addressed (WP5; Y2)
Instruments to link health and exposure (WP13; WP14) and to better
estimate risks from exposure (WP12) will be explored and their
suitability in risk assessment and management will be evaluated (e.g.
cumulative risk assessment; WP15)
In WP5 health impact assessment (HIA) for phthalates (single
substances and cumulative) will be explored: it should be discussed
whether the cost estimation should be included together with the
burden of disease estimates and how this can feed into the HIA

1.3.1. Additional Comments:
a) Surveyed data to be analyzed or published (in English)

▸ Spain: Adult working population, 18-65 years, n = 1880. Nation-wide representativeness.
March 2009-July 2010
▸ Sweden: DEHP, DnBP, BBzP and DEP: Time series on children and population based
study from 2010-2011 (Bjermo et al., report in Swedish)
▸ Belgium: FLEHS3: Data surveyed for DiBP and DEP
b) Data (representative for population) expectable from:
▸ France: Esteban (running since 2nd half of 2016): DEHP, DnBP, BBzP, DEP, DiNP, DnOP,
DMP, DCHP
▸ Finland: FinHealth from 2017 on. 6000 samples planned: all Cat A substances and DiNP,
DiDP, DnOP, DCHP, DPHP
▸ Germany: GerES V (children): 2015-2017, all Cat A and B substances
c) Information for Pillar 3:
▸ Like it was mentioned in the Background Information some phthalates (3 to 8 carbon atoms
in the backbone of the side chain) have or are suspected to have anti-androgenic
properties and as such induce developmental and reproductive malfunctions in rodent
studies (phthalate syndrome). Those disturbances include malformations of the epididymis,
vas deferens, seminal vesicles, prostate, external genitalia (hypospadias), and
cryptorchidism (undescended testes) as well as retention of nipples/areolae (sexually
dimorphic structures in rodents) and demasculinization of the perineum, resulting in
reduced anogenital distance (AGD). Those effects can be ascribed to a disturbance of fetal
testicular Leydig function, which results in significant reduction of testosterone levels.[2]
Also the production of insulin like factor 3 in Leydig cells is disturbed by phthalates, which
also causes anti-androgenic effects.
Those effects are similar to the ones subsumed under the human testicular dysgenesis
syndrome. However, there are no resilient data on humans, which is why epidemiological
studies should try to prove the associations between a phthalate burden and adverse
health effects. Data from birth cohorts would probably meet some of the requirements,
since the discussion on whether the health impacts can be traced back to in utero exposure
or to exposure during childhood could be furthered. Among other endocrine effects in adults
(differing for male and female individuals), phthalates are furthermore associated with
respiratory problems and effects on blood pressure. For Category C phthalates a first step
should be an assessment concerning the relevancy (are the people in Europe exposed or
not?), before starting research activities in pillar 3 on those substances.
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