





e C. : ’ European Council for
Plasticisers and Intermediates
w COMMITTED TO THE SCIENCE OF SAFETY

Brussels, September 6th, 2010

Dear Sir or Madam,

Re: Mixtures of chemicais - Call for information

The European Council of Plasticisers and Intermediates, representing the major European
Plasticiser Manufacturers would like to submit information on mixtures of chemicals relevant
to a major group of plasticisers, namely phthalate esters. While it is understood that the
Scientific Committee review is looking broadly at mixtures, several mixtures research studies
and mixtures risk assessments have been conducted on “phthalates” and published in the
scientific literature and by recognized agencies. It is important that the full scientific
information on these studies is available in the context of the broad review on mixtures.

ECPI is providing this information to support the above referenced scientific assessment and

to help ensure that transparent and robust information is provided with respect to phthalate
esters.

fn this context it is important to be aware that there are significant differences between Low
Molecular Weight (LMW} and High Molecular Weight (HMW) Phthalates. Attachment |
provides definitions for LMW and HMW phthalates. LMW phthalates are reproductive agents
as shown by laboratory animal studies, are classified as Category 1B (CLP Regulation)
Reproductive Agents and research suggests that for some reproductive effects they may act
via a common endocrine mechanism. As such, LMW were included in the REACH Candidate
List and will be subject to Authorisation.

Based on extensive data and evaluations HMW phthalates are not classified as reproductive
agents and are not endocrine disrupters, Attachment [l to this letter provides a summary of
the key peer-reviewed studies relevant to HMW phthalates and which lead to the conclusion
that HMW phthalates are not endocrine disrupters. Attachment Il is currently being updated
with a review of all relevant studies for LMW phthalates and HMW phthalates versus the
QECD Endocrine Framework and an ECP! Technical Report will be issued in due course.

“Phthalates” are increasingly being cited as substances which have shown and/or which may
have the potential for mixture effects in laboratory studies and for which mixtures risk
assessments should be conducted. While the term "phthalates” is used very often in the
literature, the research papers are reporting work on the classified LMW phthalates and
typically not on HMW phthalates.

Research studies have shown that LMW phthalates may have the potential for additivity for
the reported reproductive adverse effects in laboratory animal studies, and further work
looking at combined effects and risk assessments may be appropriate for LMW phthalates.
Since HMW phthalates do not have the same hazardous properties as LMW phthalates and
are not reproductive agents it is not scientifically justified to propose a mixtures risk
assessment for HMW phthalates, and further mixtures work with HMW phthalates is
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theretfore of low priority. Attachment lll to this letier provides a review of all the relevant
studies and publications relevant to mixtures data for LMW phthalates and HMW phthalates.

Attachment [V provides answers with respect to LMW phthalates and HMW phthalates to the
key questions to be addressed by the Scientific Committee review.

Attachment V shows that even when dealing with a mixture of only 2 compounds it may not
be possible to just add up the effects (changes is metabolomic profile) of the single
components: Simultaneous exposure to high dose levels of DEHP (up to 3000 ppm) and
DBP (up to 7000 ppm) resulted in a metabolomic profile that was different compared to the
individual compounds. A guantitative statistical analysis of the data revealed that the effect of
combined treatment on the metabolites was less than additive.

If there are any questions on the above information or any other way in which ECPI can
support the Scientific Committee review please do not hesitate to contact me.

Yours sincerely,

Maggie Saykali

Sector Group Manager
ECP! - European Council for Plasticisers and Intermediates

Cefic AISBL (The European Chemical Industry Council)
Avenue E. van Nieuwenhuyse 4 (Box 2)
B-1160 Brussels - Belgium

Tel +32 2 7927505
Fax +32 2 6767392
email msa@cefic.be

Attachments:

Attachment |  Definitions of LMW phthalates and HMW phthalates

Attachment Il Review of scientific data on DINP and DIDP

Attachment I{l  Scientific studies on phthalates relevant to mixtures toxicity and implications
for cumuiative risk assessment

Attachment IV Answers to the six questions as they pertain o phthalate esters

Attachment V. Ravenzwaay et al. (2010}, Toxicology Letters 198 (2010} 159-170



Attachment 1 - Definition of LMW phthalates and HMW phthalates

Phthalate esters are a diverse group of substances produced by the reaction of phthalic
anhydride with aliphatic and aromatic alcohols to produce di-esters. Certain phthalate
esters are used extensively as PVC plasticisers and also in rubber products, paints and
coatings and printing inks. Certain specific phthalates (DMP, DEP) are used in cosmetics
and toiletries. Since the term “phthalates” constitutes a broad class of chemicals with a
wide range of physical and chemical properties, it follows that not all phthalates are
toxicologically equivalent. The major commercial products used in PVC, rubber
products, paints, coatings and printing inks, can be divided into two main groups — Low
Molecular Weight Phthalates (LMW) and High Molecular Weight Phthalates (HMW).

Low Molecular Weight (LMW) Phthalates

Low molecular weight (LMW) phthalates are those with alkyl side chains of C4 — C8
total carbon number. The carbon backbones in the side-chains of LMW phthalates are C3
— C6. Members of this group include Di(2-ethylhexyl) Phthalate (DEHP, also known
commonly as DOP), Di-Butyl Phthalate (DBP), Butyl Benzyl Phthalate (BBP), Di-
IsoButyl Phthalate (DIBP), Di-IsoPenty! Phthalate (DIPP), Di-IsoHeptyl Phthalate
(DIHP). These LMW phthalates are classified as reproductive and developmental toxins
(Category 1B under the UN Globally Harmonized System and the EU Classification,
Labeling and Packaging Regulation) due to the significant adverse health effects
observed in rodent studies.

Note: The very low molecular weight phthalates (VLMW) such as Di-Methyl Phthalate
(DMP - carbon side chains of one carbon) and Di-Ethy! Phthalate (DEP — carbon side
chains of two carbons) used in cosmetics and toiletries are not classified for reproductive
effects.

High Molecular Weight (HMW) Phthalates

High molecular weight (HMW) phthalates are those with carbon side chains of C9 and
greater total carbon (typically to C13). The carbon backbones in the side-chains of
HMW phthalates are C7 and greater. Members of this group include Di-IsoNonyl
Phthalate (DINP), Di-IsoDecyl Phthalate (DIDP) and Di-(2-PropylHeptyl) Phthalate
(DPHP). Based on comprehensive data and evaluations these substances are NOT
classified as reproductive and developmental toxins as they do not produce adverse
reproductive effects.

In summary:
Total Carbonin Carbon backbone  Classification
alkyl side chains in alkyl side chains CLP Regulation
LMW Phthalates C4-C8 C3-C6 Category 1B Repro

HMW Phthalates (C9-CI13 C7-~Ci3 Not Classified



Comments relevant to uses and potential exposure to LMW phthalates and HMW

phthalates

All phthalates used in PVC applications are physically bound within the polymer
matrix and only very severe conditions (e.g. solvent extraction) will lead to
significant migration from the PVC. In practice migration occurs only at a very
low level —if this was not the case then many everyday articles (e.g. electrical
cables) would not function as intended. Migration is reduced to even lower levels
with HMW phthalates. The fact that the phthalate plasticisers are not covalently
bound within the polymer matrix and can be extracted by strong solvents
contributes to the efficient recycling of the plasticizer and the PVC resin.

DEHP (LMW) is used in PVC medical applications.

DEHP, DBP and BBP (and other LMW phthalates classified as Category 1B
(CLP Regulation) reproductive agents) are restricted from use in cosmetics by the
EU Cosmetics Directive and hence exposure from this use to LMW classified
phthalates is unlikely.

DEHP, DBP and BBP (LMW) are restricted from use in all toys and childcare
articles and hence exposure from this source is eliminated.

Non-classified HMW phthalates have replaced classified LMW phthalates to a
significant degree in general purpose applications such as wire and cable,
flooring, construction, automotive applications.
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Review of Scientific Data on
Di-isononyl Phthalate (DINP) and
Di-isodecy! phthalate (DIDP) demonstrating
that neither are endocrine disrupters

(CAS No. 68515-48-0 / EINECS No. 271-090-9, 1,2-benzenedicarboxylic acid, di-C8-
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26761-40-0 / EINECS No. 247-977-1 di-isodecyl phthalate)

European Council for Plasticisers and Intermediates
Technical Report 2009-1001-DINP and DIDP
October 2009 (updated November 2009)
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DINP and DIDP are not Endocrine Disrupters
The main body of the paper is divided into eight sections:
1. Two generation reproductive studies on DINP and DIDP and the EU Risk
Assessment conclusions
Status of endocrine testing guidelines
Lack of oestrogenic activity for DINP and DIDP
Studies on anti-androgenic effects
Human data on endocrine effects and DINP/DIDP

Definitions for endocrine disrupters
Conclusions

® N O R eN

References

Appendix — The endocrine system

1. Two generation reproductive studies on DINP and DIDP and the EU Risk
Assessment Conclusions

DINP and DIDP do not cause reproductive effects in rodent two generation reproductive
toxicity studies. These studies provide a comprehensive basis on which to evaluate
reproductive and developmental effects, including anti-androgenic effects in male rat
pups. As such, DINP and DIDP were not classified as reproductive toxicants as part of
the EU Risk Assessments. There are reports that DINP minimally modulated the
androgenic endocrine system in developing rats (Gray et al, 2000), but only at doses that
are well above relevant exposures, and this modulation did not produce adverse effects.
These studies were considered in the recently published EU risk assessments for DINP
and it was concluded that the effects are of little concern. The EU Scientific Committee
for Toxicology, Ecotoxicology and the Environment (CSTEE) evaluated the endocrine
disrupting properties of DINP to be “very low”; CSTEE took into account the slight effects
seen at very high dose levels.

2. Status of endocrine testing quidelines

There is currently much effort focused on the development of validated in vivo and in
vitro test methods for identifying endocrine disrupting substances notably under the
OECD Test Guidelines programme, and in the United States and Japan. However, there
are currently no internationally agreed methodologies or criteria available for the
evaluation and confirmation of endocrine effects. OECD has developed a conceptual
framework for the testing and assessment of potential endocrine disrupters, and included
at the highest level (Level 5) is the 2-generation reproductive study. Inclusion at Level 5
underlines the importance of this test in defining endocrine disrupters.

3. Lack of cestrogenic activity for DINP and DIDP

Initially, discussion of endocrine modulation and phthalate esters focused on oestrogenic
effects. Some phthalate esters were found to bind to the oestrogen receptor; however,
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the binding was later determined fo be non specific and did not lead to an activation of
the oestrogen receptor. Lack of oestrogenic activity of phthalates was confirmed in
cellular and whole animal assays for oestrogenic activity. In this analysis, both DINP and
DIDP were evaluated and found to be without effect. As such, it is now accepted in the
scientific community that DINP and DIDP are not oestrogenic nor anti-oestrogenic
(Zacharewski et al., 1999).

4. Studies on anti-androgenic effects

Some oral gavage studies on DINP (Gray et al., 2000; Borch et al., 2004) have shown
effects in male rat offspring at a single very high dose level, which is well above relevant
exposure levels. The effects produced were of low incidence (observed in few pups) and
were of low severity {reduced testosterone synthesis, areola or nipple retention). It is
possible that these effects are specific to rats e.g. nipple retention is normal in humans
but not normal in male rats. Further research is ongoing to understand the mechanism of
these effects and whether they are rodent specific. It should be noted that the two
generation reproductive foxicity study is the definitive study in this respect and no
reproductive effects were seen in the DINP two-generation study (Waterman et al.,
2000). To date, no data are available that indicate DIDP produces anti-androgenic
effects in male rats, and no reproductive deficits were observed in two generation studies
in rats with DIDP.

5. Human data on endocrine effects and DINP/DIDP

Recent research studies have evaluated relationships between fetal and neonatal
exposure to phthalates and markers of endocrine mediated reproductive toxicity in
humans. Swan et al (2005) investigated the association between metabolites of several
phthalates in urine and anti-androgenic effects in young boys. Metabolites of DINP and
DIDP were not analysed in this study. Serious flaws were identified in the study design
and statistical analyses employed. Because of these flaws EPA decided not to utilize
these studies for hazard and risk assessment.

in a separate study (Main et al, 2006), reported a statistically significant association
between levels of DINP metabolites in breast milk of mothers and raised blood levels of
leutinizing hormone in infant males. When converting the ratios reported to levels of
luteinizing hormone, the levels are actually within normal limits for infants. Other
measures of anti-androgenicity, such as reduced testosterone levels were not observed.
In fact there was even a trend toward increased testosterone levels which would clearly
not support an anti-androgenic effect for DINP. Further, there is still significant scientific
uncertainty surrounding the significance of changes in the endpoints examined in the
above studies. In addition changes in hormone levels alone are insufficient to conclude
on endocrine disrupting properties. Therefore the studies should be considered as
scientific research to generate research hypotheses but should not be used for safety
evaluation purposes.

6. Definitions for endocrine disrupters

Endocrine disruption has been identified by the European Union (EU) as a criterion to
identify substances of equivalent concern under the REACH regulation (Article 57 (f)).
Substances of equivalent concern are "substances, such as those having endocrine
disruption properties...for which there is scientific evidence of probable serious effects {o
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humans or the environment which gives rise to an equivalent level of concern to those of
the substances listed in points (a) to (e} [Category 2 carcinogens, mutagens, or
reproductive agents (CMR), or persistent, bioaccumulative and toxic substances (PBT),
or very persistence and very bioaccumulative (vPvB)." The REACH guidance document
(“Guidance for the preparation of an Annex XV dossier on the identification of substances
of very high concern”) provides a definition of an endocrine disrupter and recommends
that given the complexities of the possible mechanisms and effects of endocrine active
substances then a weight of evidence approach is needed.

Several definitions of endocrine disruption exist already today. One definition was
developed in the late 1990s at an EU sponsored workshop on endocrine disruption in
Weybridge, UK. The Weybridge Definition states:

*An endocrine disrupter is an exogenous substance that causes adverse health
effects in an intact organism, or its progeny, secondary to changes in the endocrine
function”.

More recently, the International Programme for Chemical Safety (IPCS) has modified this
definition slightly but still with the same overall meaning. The IPCS definition states:

“Endocrine disrupters have been defined as exogenous substances that alter
function(s) of the endocrine system and consequently cause adverse health effects in
an intact organism or its progeny secondary to changes in endocrine function.”

This definition is referenced in the EU "Community Strategy for endocrine disrupters”
{COM 1999 (706) final).

Further, the IPCS identifies three possibie pathways for interference with the endocrine
- system

» By mimicking the action of a naturally-produced hormone such as oestrogen or
testosterone, and thereby triggering similar chemical reactions in the body,

» By blocking the receptors in cells receiving the hormones (hormone receptors),
thereby preventing the action of normal hormones; or

» By affecting the synthesis, transport, metabolism and excretion of hormones, thus
altering the concentration of natural hormones.

The REACH guidance ("Guidance for the preparation of an Annex XV dossier on the
identification of substances of very high concern”) provides a definition of an endocrine
disrupter which is almost identical to the above IPCS definition:

"An endocrine disrupter is an exogenous substance or mixture that alters function(s)
of the endocrine system and consequently causes adverse health effects in an intact
organism, or its progeny, or {subjpopulations.

Based on the three definitions, adverse health effects must be produced as a
consequence of endocrine disruption for the conclusion that a substance is an endocrine
disrupter. From this it can be concluded that changes in hormone levels by themselves
are not sufficient for classification of a chemical as an endocrine disrupter. Hormone
levels are changing all the time due to normal cycles and due to external factors e.g. the
menstrual cycie in women e.g. consumption of sugar causes insulin levels to rise.
Studies which show an increase in hormone levels alone would not be sufficient to
classify a substance as an endocrine disrupter, according to the above definitions.
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7. Conclusion

+ DINP and DIDP are not endocrine disrupters as defined by Weybridge, IPCS and the
draft REACH Guidance.
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Note:

This paper addresses mammalian endocrine disruption. A separate ECP| paper is being
prepared which will address endocrine disruption and lack of effects on fish and aquatic
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DINP Information Centre website: hitp://iwww.dinp-facts.com/endocrine
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Appendix — The endocrine system

The endocrine system is actually comprised of several discrete systems that are important in
regulation of growth, metabolism, development, fluid and mineral balance and reproduction
(see table below). Endocrine systems can be comprised of one or several glands that
synthesize and secrete substances called hormones into the biood stream. Individual
endocrine glands synthesize, siore and secrete hormones into the blood streams; some
glands secrete more than one hormone, however, these individual hormones are
synthesized by discrete cell types within these glands. Once in the blood stream, hormones
interact with sites separate from the endocrine gland to produce a desired change in body
function.

Brief overview of Major Endocrine Systems

Body Function Function Gland(s) Hormone(s)
Metabolism Control glucose levels | Pancreas thsulin
Growth Increase size Pituitary Growth Hormone
Metabolism Control metabolic rate | Hypothalamus Thyrotropin Releasing
Pituitary hormone
Thyroid Thyroid Stimulating
hormone
Thyroxine
Mineral Balance Control of Caicium Parathyroid gland Parathyroid hormone
levels Cailcitonin
Vitamin D
Reproduction (female) | Control of menstrual Hypothalamus Estrogen
cycle Pituitary Progesterone

Qvary (Follicular cells) | Leutenizing hormone

Follicle Stimulating
hormone

Gonadotropin
releasing hormone

Reproduction (male) Production of sperm Hypaothalamus Testosterone
Pituitary Leutenizing hormone
Testes (Leydig cells, | Follicle Stimulating
Sertoli cells) hormone
Inhibin

Gonadotropin
releasing hormone

All endocrine systems monitor and respond to alterations of the environment within the body.
When a stimulus is detected, hormone is released until the stimulus is removed, creating a
feedback loop. Some endocrine systems have a simple feedback loop involving one gland
and one hormone (i.e., pancreatic release of insulin in response to glucose). For others, the
control and release of hormones can be quite complex involving several glands and several
hormones (e.g. thyroid hormone control of metabolic rate).
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in addition to maintenance of homeostasis, endocrine systems play an important role in
normal growth and development. There are critical periods of development in which deficit
of hormones results in abnormal development with serious consequences for health. For
example absence of thyroid hormone during youth can result in cretinism, resulting in
stunted growth and below average intelligence. Additionally, development of the
reproductive system and both primary and secondary sexual characteristics requires the
synthesis and release of the appropriate hormones at critical imes.

Although endocrine systems have been markedly conserved through evolution, there are
notable species differences in the operation and maintenance of these systems. These
differences are due to the lack of auxiliary structures supporting the endocrine system, or
due to differences in how the system as a whole functions. As an example of the former,
rats lack thyroid hormone binding globulin, making them more susceptible to perturbations in
thyroid hormone levels. For the latter, control of the female reproductive cycle is radically
different between rodents and primates. In rodents female rats undergo an oestrous cycle,
whereas primates go through a menstrual cycle. The same hormones are used to control
different female reproductive cycles.



Attachment 111

Scientific studies on phthalates relevant to mixtures toxicity and implications for cumulative risk
assessment

Introduction

Phthalate esters are a diverse group of substances produced by the reaction of phthalic anhydride with
aliphatic and aromatic alcohols to produce di-esters. Phthalate esters are used extensively as PVC
plasticisers and also in rubber products, paints and coatings and printing inks. Certain specific
phthalates (DMP, DEP) are used in cosmetics and toiletries. Since the term “phthalates” constitutes a
broad class of chemicals with a wide range of physical and chemical properties, it follows that not all
phthalates are toxicologically equivalent. The majority of phthalates used in commercial products
(PVC, rubber products, paints, coatings and printing inks) can be divided into two main groups — Low
Molecular Weight Phthalates (1MW) and High Molecular Weight Phthalates (HMW).

As a group, phthalates possess varied toxicological properties. A distinct area of differentiation is the
reproductive and developmental effects observed in rodents for LMW phthalates, but not seen with
HMW phthalates. These differences in reproductive effects between LMW and HMW phthalates are
reviewed by Fabjan et al. (2006).

Research has examined phthalates, primarily LMW phthalates, in mixtures experiments to determine if
adverse reproductive and developmental effects are additive in nature (NRC, 2008; Rider et al., 2009).

Low Molecular Weight (1. MW) Phthalates

Low molecular weight (LMW) phthalates are those with alkyl side chains of C4 — C8 total carbon
number. The carbon backbones in the side-chains of LMW phthalates are C3 — C6 with methyl or ethyl
sidechains to make up the total carbon number. Members of this group include Di(2-ethylhexyl)
Phthalate (DEHP, also known commonly as DOP), Di-Butyl Phthalate (DBP), Butyl Benzyl Phthalate
(BBP), Di-IsoButyl Phthalate (DIBP), Di-IsoPentyl Phthalate (DIPP), Di-IsoHeptyl Phthalate (DIHP).

Low molecular weight phthalates are classified as reproductive and developmental toxins (Category
1B under the UN Globally Harmonized System and the EU Classification, Labeling and Packaging
Regulation) due to the significant adverse effects observed in rodent studies." These effects include
soft tissue and skeletal malformations in rodent fetuses, and toxicity to the testes (adult and fetal
animals) and developing male rat reproductive tract during fetal and neonatal life stages in rats. The
adverse effects observed in the male reproductive tract resultant from LMW phthalates include
hypospadias, cryptorchidism, and alterations in male reproductive tract organ pathology which
ultimately lead to decreased fertility. Reduced fertility has been observed in guideline two generation
rat reproductive toxicity studies on LMW phthalates, particularly in the reproductive performance of
subsequent generations (European Commission, 2004; European Commission, 2007; European
Commission, 2008). It is likely that these classified LMW phthalates act in part via an endocrine
mechanism and would therefore meet international definitions of an endocrine disrupter i.e. an
exogenous substance that causes adverse health effects in an intact organism, or its progeny, secondary
to changes in the endocrine function (European Commission, 1996; International Programme on
Chemical Safety, 2002). The endocrine related adverse health effects in this case are hypospadias,
cryptorchidism and adverse male reproductive tract organ pathology observed in rats resulting in

" Di-Methyl Phthalate (DMP - carbon side chains of one carbon) and Di-Ethy! Phthalate (DEP ~ carbon side chains of two
carbons), have carbon side chains less than 4 — § carbons and are not classified for reproductive effects.

1



reduced reproductive performance in subsequent generations observed in two generation reproductive
toxicity studies.

It is important to note that some scientific papers and reviews often refer to endocrine effects of
“phthalates™ when in fact the data are specific to LMW phthalates and NOT HMW phthalates (Swan et
al., 2005, Lottrup er al., 2006; Swan, 2008; Tanida et ai., 2009).

High Molecular Weight (HMW) Phthalates

High molecular weight (HMW) phthalates are those with carbon side chains of C9 and greater total
carbon (typically to C13). The carbon backbones in the side-chains of HMW phthalates are C7 and
greater. Members of this group include Di-Isononyl Phthalate (DINP), Di-Isodecyl Phthalate (DIDP)
and Di-(2-propylheptyl) phthalate (DPHP).

A review of all the data on HMW phthalates (DINP, DIDP, and DPHP) has shown that these
substances are not endocrine disrupters when assessed using the OECD Endocrine Framework. In
particular, 2-generation reproduction studies (the highest tier study in the OECD Framework for
Endocrine Assessment) in rats have shown no evidence of endocrine related effects: adverse
histopathology, cryptorchidism, and hypospadias (European Commission, 2003a; European
Commission, 2003b; NTP-CERHR, 2003a; NTP-CERHR, 2003b). Further, in marked contrast to
LMW phthalates, there is no reduction in reproductive performance in subsequent generations in the
two generation reproductive toxicity tests (Waterman et al, 2000; Hushka et al 2001). For DINP and
DIDP these studies are referenced in the EU Risk Assessment Reports. OECD also conducted an HPV
assessment of HMW phthalates including DINP, DIDP and DPHP and concluded these substances are
of “low concern” for further work (OECD, 2004).

Based on comprehensive data and evaluations, HMW phthalates are NOT classified as reproductive

and developmental toxins as they do not produce the adverse effects (fetal malformations, hypospadias,
cryptorchidism and reduced fertility) observed with LMW phthalates. These substances do not meet

the international definitions for an endocrine disrupter.

Mixture Studies on “phthalates”

Mixtures assessments have been conducted primarily with LMW phthalates to determine if effects on
the developing male rat reproductive tract are additive in nature, specifically if they display dose
addition.” A description of these studies is provided below. These studies have been cited by
Kortenkamp et al. (2009) in a report produced for the European Commission entitled “State of the Art
Report on Mixtures Toxicity”.

Mixtures Studies with Classified LMW Phthalates

Howdeshell et al. (2007) examined a binary mixture of DBP and DEHP, two phthalates which are
thought to have a common mode of action but have different active metabolites. Pregnant Sprague-
Dawley rats (six dams per dose) were exposed to the phthalates during gestation days 14-18 at 500
mg/kg-d each, both singly and in combination. This dose was selected on the assumption that it would
produce approximately half of the 50% incidence (ECsq) of epididymal agenesis. Male offspring were

? For mixtures of components that are determined to act through a common mode of action, the likelihood of toxicity
associated with a mixture is determine by adding the doses of the components, where the concept of threshold is applied to
the dose of the complete mixture, rather than to the doses of the individual components. The assumption for dose addition
is that components are essentially toxicological “clones” of one another such that the relative proportions of each in a
mixture are treated as dilutions of one another.



examined for a wide array of effects indicating maldevelopment of the male reproductive tract,
including changes in fetal testosterone production, changes in anogenital distance, epididymal agenesis,
retained nipples, gubernacular agenesis, hypospadias, and number of animals with malformations. The
dose addition model generally predicted larger effects than the independent action model, although for
some end points the two concepts predicted equal effects. However, experimental results indicated the
responses generally agreed well with dose addition.

Howedeshell et al. (2008) evaluated suppression of fetal testosterone production at gestation day 18
following exposure of pregnant Sprague-Dawley rats to five phthalates separately and as a mixture. .
In the first part of the study, pregnant dams were dosed at graded concentrations by gavage with BBP,
DBP, DEHP, DIBP, and DPP to determine the effective dose which inhibited fetal testosterone
production by 50% (EDsg). In the second portion of the study, the five phthalates were combined in a
fixed ratio based upon their relative potencies such that each of the five phthalates would contribute
equally to the reduction in testosterone. Results were modeled to an equation describing dose-addition.
Over a large range of effect levels, the observed reductions in testosterone production agreed well with
the responses predicted by the model, although there were small, statistically significant differences
between the dose-addition prediction and the observed data.

Rider et al. (2008) conducted mixture experiments with the three phthalates BBP, DBP, and DEHP in
combination with the antiandrogens vinclozolin, procymidone, linuron, and prochloraz. The mixture
was given to pregnant rats with the aim of examining the male offspring for a variety of developmental
effects typical of antiandrogens. The mixture components have varying modes of antiandrogenic action.
Vinclozolin and procymidone are AR antagonists, BBP, DBP and DEHP suppress testosterone
synthesis by altering activity and levels of enzyme critical to testosterone synthesis, and linuron and
prochloraz exhibit a mixed mechanism of action both inhibiting steroid synthesis and blocking the
steroid receptor. In calculating additivity expectations, the authors used historical data from their
laboratory; however, the studies sometimes had dosing regimens that differed from those used in the
mixture experiments. Data on the effects of some individual phthalates were not available. To bridge
that data gap for the purpose of computing additivity expectations, it was assumed that the three
phthalates were equipotent. Despite some uncertainty introduced by the equipotent assumption, dose
addition gave predictions of combined effects of the mixed-mode antiandrogens that agreed better with
the observed responses than did the expectations derived from independent action. For a number of end
points, including seminal vesicle weights, epididymal agenesis, and nipple retention, there was
reasonable agreement with dose addition. A statistical evaluation of the agreement between dose
addition and experimental data was not provided by the study authors.

Ghisari and Bonefeld-Jorgensen (2009) reported a series of in vitro experiments examining the
potential of BBP, DBP, DIDP, DINP, DEHP, tOP, CMP, 2,4-DCP, 2-PP resorcinol and DEHA 1o
affect the thyroid hormone (TH) system and estrogen receptor (ER) function, alone and in combination.
In order to obtain equipotent mixtures of the six plasticizers used in the mixture study (BBP, BPA, NP,
tOP, CMP, and RES), the components were mixed on the basis of the single compounds no observed
effect concentration, lowest observed effect concentration, and effective concentration 50%. When the
mixture data was modeled, dose-additivity predicted the observed responses. DINP and DIDP, which
were not inciuded in the mixtures experiment, did not have any effect in the ER transactivation assay
and only slight effect in the TH assay which occurred at the maximal dose tested. However, the utility
of this information is questionable since phthalate diesters are rapidly metabolized to monoesters in
humans (Silva et al., 2006a; Koch et al., 2007; Silva er al., 2007). Conclusions drawn from diesters in
vitro have no basis for extrapolation to in vivo systems.



Tanida et al. (2009) investigated the effects of fetal and neonatal exposure to three chemicals,
bisphenol A, DEHP, and 2,3,7,8-tetrachlorodibenzo-p-dioxin, alone or in combination. Pregnant
mouse dams were dosed with test material on gestation days 8-17. Neonates were dosed with test
material on post natal days 3-7. Analysis occurred when pups were 2, 4, or 6 weeks of age. Brain
samples were collected and examined immunohistochemically for tyrosine hydroxlyase (TH) and Fos-
immunoreactive neurons as markers of dopamine and neuronal activation, respectively. Exposure to
single substances results in changes in immunohistochemical signaling within midbrain doapminergic
nuclei of mice, whereas such changes did not appear when the animals were exposed to the mixture.

It should be noted that these studies with LMW phthalates typically involve gavage dosing of large
quantities of the test compound. This method of exposure is far removed from low level exposures to
phthalates documented in the human population through biomonitoring studies (Silva et al., 2004;
Silva et al., 2006b; Silva et al., 2006c; Silva er al., 2006d; Silva et al., 2007; Wittassek er al., 2007;
Wittassek and Angerer, 2008; Wittassek et al., 2010).

Mixtures Studies with Non-Classified HMW Phthalates

Borch et al (2004) examined hormonal effects in male rat fetuses exposed to DEHP, DINP, or a
combination of the two. Thirty-two dams were dosed with either 300 mg DEHP/kg bodyweight per
day, 750 mg DINP/kg bodyweight per day, or a combination of these doses. Male fetuses were
examined on gestation day 21, and blood and testes were collected for hormone analysis. Reduction in
in vitro testosterone synthesis was observed following DINP treatment, but in the absence of
observation of adverse phenotypic outcomes. The authors report that a factorial statistical analysis
revealed no statistically significant interaction between the effects of DEHP and DINP .

Ghisari and Bonefeld-Jorgensen (2009) reported a series of in vitro experiments examining the

potential of BBP, DBP, DIDP, DINP, DEHP, tOP, CMP, 2,4-DCP, 2-PP resorcinol and DEHA to
affect the thyroid hormone (TH) system and estrogen receptor (ER) function, alone and in combination.
DINP and DIDP, which were not included in the mixtures experiment, did not have any effect in the
ER transactivation assay and only slight effect in the TH assay which occurred at the maximal dose
tested. However, the utility of this information is questionable since phthalate diesters are rapidly
metabolized to monoesters in humans (Silva et al., 2006a; Koch et al., 2007; Silva er al., 2007).
Conclusions drawn from diesters in vitro have no basis for extrapolation to in vivo systems.

Cumulative Risk Assessment

Cumulative risk typically refers to the accumulation of risk from multiple chemical and/or non-
chemical stressors. The interaction of these stressors may produce an additive, synergistic, or
antagonistic response thus altering the individual risk of each stressor. This is different from aggregate
risk assessment which refers to the sum of the risks resulting from exposures to the same chemical via
multiple sources and multiple routes. The Danish EPA (2009) published a combined (aggregate)
exposure risk assessment that included phthalates (DBP, DiBP, BBP, DEHP, DINP). As reported,
daily ingestion specifically for DINP, from all sources, does not constitute a risk (page 226 of the
report). In this study, reduced testicular weights in mice, was used as the endpoint of concemn for DINP.
When combining risk estimates for all chemicals, LMW phthalates (DBP and DEHP) significantly
contributed to the risk characterization ratio whereas the DINP contribution was at least two-orders of
magnitude lower.

Data generated from studies on the interactions of chemical mixtures can be used to inform cumulative
risk assessments but do not indicate a cumulative risk actually exists. Results of these studies inform as
to risk model selection (dose-addition, response addition, or independent action). Integration of the risk

4



model with estimates of exposure and hazard will define the cumulative risk. From the discussion
above, the assumption of dose-addition appears to be supported by the mixtures studies with LMW
phthalates. The assumption of dose addition as the basis for conducting a cumulative risk assessment
for humans is highly conservative since dose-addition is assumed at levels below a threshold of
response (Borgert et al., 2004). Further, consideration for inclusion of chemicals in a cumulative risk
assessment should be based on common adverse outcomes (i. e. reduced fertility) through a common
mode of action.

The US National Research Council (NRC) published a report with the intention of answering two
questions: should phthalates be subjected to a cumulative risk assessment and if so, how should it be
conducted (National Research Council, 2008). On the basis of its review, the committee concluded
that sufficient data are available to proceed with the cumulative risk assessment of phthalates.
Additionally it was noted that addressing current data gaps in risk assessment would lead to greater
refinement of a cumulative risk assessment and reduce uncertainty associated with any risk estimates.

Subsequent to the NRC report, two initial phthalate cumulative risk assessments have employed a
hazard index approach where the critical “‘effect” included multiple developmental endpoints (Benson,
2009; Kortenkamp and Faust, 2010). Consistent with each individual chemical’s ability to induce
developmental and reproductive effects in rodents, the hazard quotients for DEHP and DBP were
much larger than for DINP. These assessments indicate that DINP, a high molecular weight (HMW)
phthalate, does not significantly contribute to the overall *“phthalate” mixture toxicity and risk due to
its low toxicity for the chosen endpoint and low exposure. Similar findings would be expected with
the other HMW phthalates (DIDP and DPHP) due to the low estimated exposures and low potential to
induce toxicity. As such their contribution to the overall risk of a mixture would not be significant.
These findings further support the previously discussed observation that all phthalates are not
toxicologically equivalent. LMW phthalates produce reproductive and developmental toxicity and
when cumulative risk assessments address this endpoint, LMW phthalates significantly contribute to
the overall assessment of risk. HMW phthalates (DINP, DIDP and DPHP) do not produce these
effects and do not contribute to the overall risk presented by a mixture of phthalates.

Conclusions

Not all phthalates are the same; they are different toxicologically. LMW phthalates (DBP, BBP,
DEHP) are classified as reproductive and developmental toxins due to the deleterious effects observed
in laboratory animals and are considered endocrine disruptors. HMW phthalates (DINP and DIDP) are
not classified and are not endocrine disruptors because they do not produce the adverse outcome,
reduced fertility, in animal studies.

Mixtures studies are designed to test interactions (e.g. dose-addition and/or response-addition, synergy,
antagonism) for mixtures of chemicals. Some mixtures studies indicate that LMW phthalates exhibit
additivity of effect at doses near the observable effect range (i.e. high doses). In contrast, one study
which tested a HMW phthalate (DINP) with LMW phthalate (DEHP) concluded no interaction for the
endpoints examined.

Cumulative risk assessment serves the purpose to quantify the accumulation of risk from multiple
chemical stressors that may interact. In initial camulative risk assessments for phthalates, where the
endpoint of concern is adverse effects on the developing male reproductive tract leading to an adverse
outcome of reduced fertility, HMW phthalates do not contribute substantially to overall risk. This
conclusion further supports the differentiation between LMW and HMW phthalates and questions the
need to include HMW phthalates in cumulative risk assessments.
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To guide the decision between which of the models to utilize, a critical health endpoint of
concern must be identified from the available data. Next, a biologically plausible weight
of evidence description of the key events in the postulated mode of action must be
developed. With the development of an agreement on mode(s) of action and the degree
of similarity or independence, a mixtures risk assessment could be performed utilizing
one the of models described. Optimally, the choice of the mixtures risk assessment
model should be based on the level of knowledge of the biologically relevant steps in the
manifestation of toxicity.

It is important to recognize that the choice of using either dose-addition or independent
action represents a default position, one to be replaced when data becomes available. For
example, the application of dose-addition is likely to overestimate, but unlikely to
underestimate mixture toxicity; thereby representing a conservation approach, where
appropriate (McCarty and Borgert, 2006).

It is currently proposed that dose-addition should be the default approach (Kortenkamp et
al., 2009). The assumption is that dose-addition when observed at high doses will also be
observed at low doses is false. Dose addition (non-independent action) may occur at high
doses while response addition (independent action) occurs at low doses for some groups
of chemicals. As stated by (Borgert et al., 2004), dose addition may be a conservative
assumption [for some effects] of chemicals when they are present at concentrations above
their NOAELSs, but that independence becomes more predictive when the concentrations
of the component chemicals are below their individual NOAELs.

It is important to point out that the reason low dose mixtures may be less than additive is
that the mode of action could be different below the NOAEL. Borgert ef al., (2004) also
indicates that it is premature to assume dose addition for chemicals that appear to be
mechanistically similar and to assume response addition models only for chemicals that
appear to be mechanistically dissimilar. Because these simple models were developed for
binary mixtures, their applicability to more complex mixtures is uncertain. Dose addition
should be correlated with specific mechanistic features for particular toxic effects before
the approach 1s generalized.

4)Given that it is unrealistic to assess every possible combination of chemical substances
what is the most effective way to target resources on those combinations of chemicals
that constitute the highest risk for man and the environment (tiered testing schemes,
structurally similar groups of chemicals, chemicals with similar modes of action,
chemicals acting on the same organ, chemicais in the same product group, chemicals
shown by monitoring data to occur together in toxicologically significant concentrations
etc)? :
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To guide the decision between which of the models to utilize (dose-addition or
independent action), a critical health endpoint of concern must be identified from the
available data (Lambert and Lipscomb, 2007). Next, a biologically plausible weight of
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evidence description of the key events in the postulated mode of action must be
developed. With the development of an agreement on mode(s) of action and the degree
of similarity or independence, a mixtures risk assessment could be performed utilizing
one the of models described. Optimally, the choice of the mixtures risk assessment
model should be based on the level of knowledge of the biologically relevant steps in the
manifestation of toxicity.

As a group, phthalates possess varied toxicological properties. One distinct area of
differentiation is the observed reproductive and developmental effects seen with low
molecular weight (LM W) phthalates but not seen with high molecular weight (HMW).
These differences limit the utility of certain endpoints with which to base a cumulative
risk assessment, and clearly show that a chemical family approach is not necessarily the
correct approach to take. In general, endpoints should be chosen based on the
commonality of the endpoint or mode of action, availability of adequate published data,
and toxicological concern.

'5) Where are the major knowledge gaps with regard to the assessment of the toxicity of |
chemical mixtures?
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There are multiple knowledge gaps with regards to mixtures assessment, including:

t) There are no clear criteria for the extrapolation of combination effects from high
doses to low doses. Mixtures studies are designed to test interactions (e.g. dose-
addition and/or response-addition, synergy, antagonism) for mixtures of
chemicals. Some mixtures studies indicate that LMW phthalates exhibit
additivity of effect at doses near the observable effect range (i.e. high doses). In
conirast, one study which tested a HMW phthalate (DINP) with LMW phthalate
(DEHP) concluded no interaction for the endpoints examined. However, dose
addition is not a generalized phenomenon,; there is no scientific basis for
extrapolation to lower doses, levels to which humans are exposed.

2) The utility of chemical potency in mixtures risk assessment is unclear. It would
appear unnecessary to include chemicals of low potency/no effect. With respect
to reproductive and development endpoints, HMW phthalates are toxicologically
different than LMW phthalates. In Benson (2009) the low toxicity and low
exposure led to minimal contribution of DINP to the overall toxicity of the
mixture.

3) How should the mixture of concern be defined to ensure that the most meaningful
interactions are addressed? Should this take into account common mode of
action, mechanism of action, common toxicological endpoint?

4) How are extrapolations from animal data to humans accomplished for mixture
effects?
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normalized to the median of reference samples which were derived from a pool
formed from aliquors of all samples to account for inter- and intra-instrumental
variarion. Steroids hormones, catecholamines and their metabolites were measured
by online SPE-LC-MS/MS (Solid phase extraction-LC-MS/MS) (Yamada et al., 2002},
Absolute quantification was performed by means of stabie isotope-labelled stan-
dards.

The methods applied resulted in 238 unique analytes for semi-quantitative anal-
ysis, 175 of which were chemicaily identified and 63 were unknown. Moreover,
several hundred further analytes giving a fingerprint of the sample were included
in the methods

2.5. Furrher examinarions

All animals were checked daily for any ¢linically abnormal signs and mortalities.
Food consumption was determined on study days 6, 13,20 and 27. Body weight was
determined before the start of the administration period in order to randomize the
animals and on study days 0, 3,6, 13, 20 and 27,

At the end of the treatment period. the animals were sacrificed by decapitation
under [soflurane anesthesia, Organ weights of hiver and testes were determined

Cyanide non-sensitive Palmitoyl-CoA Oxidation was measured in liver tis-
sue homogenates on the Cobas Fara Il analyzer, Roche, Germany, according to
the method described by Lazarow 19810 The total protein concentration in the
homogenates was measured with the Biuret method on the Hitachi 917 analyzer,
Roche, Germany. The Palmitoyl CoA Oxidation values were related to the rotal pro-
tein levels.

2.6. Sratistics

2.6.1. Metabolite profiling

The data were analysed by univariate and multivariate statistical methods. The
sex- and day-stratified heteroscedastic t-test (“Welch test”™) was applied to log-
transformed quantitive and semi-quantitive metabolite data to compare treated
groups with respective controls. p-values, t-values, and ratios of correspond-
ing group medians were collected as metabolic profiles and fed into a database
{MataMap® Tox). Metabolic profiles presented in this paper were developed apply-
ing 5% significance level and demanding statistical significance at least during two
out of three time points.

2.6.2. Linear mixed-effects models

The study consists of a full factonal 4 « 2 » 2 « 3 repeated measure design: i.e,
4 - the dose levels which were used in the study, 2 - the treatment factors (DBP
and DEHP). 2 - the sexes {male and female} and 3 ~ the sampling days (days 7. 14
and 28). A linear mixed-effects mode! was estimated for each of the 238 metabolites
as response in order to quantify and test the phthalate main effects and their cor-
responding interactions while controlling for time and nuisance effects {intra- and
inter-subject variance}. Mixed-effects models were set up for both gender groups
separately because results were assumed to be heterogeneous over sex.

Using short notation each metabolite "M is represented by the following “ran-
dom intercept” mode!l equation:

M = amimal + DBP + DEHP + time + DBP x DEHP

+ DBP » time + DENP » time + epsilon.

where animal stands for animal effects arising from mter-subject variance, DBP and
DEHP denote treatment contrasts with respect to control animals, and che term time
denotes day contrasts relative to day 7. The corresponding interactions are repre-
sented by the products of the main effects. In other words, the term “DBP » DEHP”
tells how DEHP moderates the effect of DBP and vice versa. The random error term
epsilon accounts for the unexplained variance after taking all other effects into
account. This is a mixed-effects mode! because it simultanecusly aims at estimat-
ing random {animal, epsiion} along with fixed effects {all other terms in the above
equation). Statistical analysis was conducted using the statistical script language R
{hitp /iwww R-project.org).

The contrasts of interest were labeled using the foliowing notation: (1)
mam treatment effects relative to the control group by *substance.dose™
(dbp.150, dbp,1000, dbp.,7000, dehp.3000G). eg dbp7000={DBPF 7000ppm
group) - (Control group), and [2) interaction effects by *dehp.dbp.dose of DapP~,
e.g. dehp.dbp.7000 = interaction effect from combining dehp.3000 with dbp.7000
{constant dose 3000 of DERP removed from the label as redundant).

Interaction contrasts quantify the non-additivity arising from combined phtha-
late administration. If the individual trearment effects and the interaction ate of the
same sign {all three positive or all three negative), then the combined effect is over-
additive. If the sign of the individual treatment effects is different from the sign of
the interaction, then the combined effect is under-additive.

2.6.3. Further examinagtions

Forthe Palmitoyl CoA Oxidation the values of the varous groups were compared
with the two-sided Wilcoxon test.

Table 2
Relative liver weights in the described 4 weeks Wistar rats study with administration
of DBP and DEHF via the diet (two-sided Wilcoxon test: *p <0.05).

Relative liver weights Males Females
Control 2,192 2.332
DEHP 3000 2999° 2.763"
DBP 150 2.197 2.181
DBP 1000 2.505°* 2.385
DBP 7000 2.624° 2.700*
DEHP +DBP 150 2919 2.886%
DEHP + DBP 1000 2827 3.052*
DEHP + DBP 7000 3.109° 2.956"
3. Results

3.1. Clinical symptoms and clinical pathology

311 DBP

There were no clinical signs of toxicity in any of the treatment
groups. Body weight development and food consumption were not
affected in any of the treatment groups, with the possible exception
of a 5% reduction (not statistically significant] in body weightin the
3000 ppm DEHP + 7000 ppm DBP males.

There was an increase of absolute liver weight in males and
females in the 7000 ppm group. Relative liver weights were
increased in high dose males and females, as well as in 1000 ppm
males (see Table 2). There were no effects on absolute or relative
testes weights in any of the DBP groups.

Treatment with 7000 ppm DBP resulted in a statistically sig-
nificant {p<0.01) increase in cyanide-insensitive Palmitoyl-CoA
{P-CoA) oxidation levels in males only. In fernales there was a
numerical increase after treatment with 7000 ppm and 1000 ppm
DBP, which did not attain statistical significance. The values of the
150 ppm group in both sexes and those of the 1000 ppm males were
virtually identical to those of the controls {see Fig. 1).

3.1.2. DEHP

There were no clinical signs of toxicity in males or females
treated with 3000 ppm DEHP. Body weight development and food
consumption were also not affected. There was an increase of abso-
lute and relative liver weight in males and females treated with
3000 ppm DEHP (Table 2). There were no effects on absolute or rel-
ative testes weights (see Fig. 1]. Treatment with 3000 ppm DEHP
resulted in a statistically significant {p <0.01) increase of P-CoA
oxidation in males and females, which was most pronounced in
males,

3.1.3. Combination DEHP and DBP

There were no clinical signs of toxicity in males or females in
any of the combined DEHP and DBP treatment groups. Body weight
development and food consumption were not affected by treat-
ment. There was an increase of absolute and relative liver weightin
males and females in all animals of the combined treatment groups.
With increasing dose levels of DBP a slight further increase of liver
weights could be noted. However, the highest liver weights in the
female animals were detected in the animals receiving 3000 ppm
DEHP and 1000 ppm DBP. Very weak increases of absolute and rel-
ative testes weights were observed (data not shown).

The combined treatment of 3000 ppm DEHP and 150ppm DPB
did not have an effect on P-CoA activity, relative to the activ-
ity observed with 3000 ppm DEHP alone. In the group receiving
3000ppm DEHP and 1000ppm DBP there was no effect on P-
CoA activity in males (relative to 3000 ppm DEHP males). In
females the mean P-CoA oxidation increased from 8.5U/g protein
{3000 ppm DEHP] to 11.1 Ufg protein (3000 ppm DEHP + 1000 ppm
DBP). This increase was statistically significant {p<0.05). Com-
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- A decision tree (tiered approach) to be developed to help regulators decide when
adverse effects might be expected.

- To link the text on page 11 with the previous section.
- To send some examples of long-term testing (biocides directive).
- A sentence to be added about the cosmetics regulation.

- To write some text about the toxi... approach and a footnote about the
environmental ... (the bees).

- The limitations and advantages for each of the approaches are needed.

- To check line 26 (page 16) and to add a text for the effect on the environment of
chemicals of low-dose concentrations.

- The epidemiological evidence and the text on uncertainty are to be modified and
inserted in the opinion.

- The current risk assessment methodology for evaluation of single chemicals may
be used; however, all possible sources of exposure are to be considered.

- The answers of question 1 to be categorized according to the three modes of
action.

- In the answers of question 1, it should be clearly indicated that this WG does not
agree with the evidence presented in The State of the Art report about the effects of
low-dose concentrations because this is the key issue and the focus of attention by
the interest groups (NGOs and industry).

- In the answers of question 4 it should be indicated that the margin-of-exposure
(MoE) approach is the best for no-known-threshold-effect substances.

- In question 5 — there are no major knowledge gaps in terms of methodology. There
is a data gap, i.e. information needed to be able to apply the already developed
approaches for risk assessment.

- In question 6 - research is needed to identify a different approach to evaluating
large amounts of data.

- The EPA flow chart and the IPCS document may serve as a starting point for the
development of better criteria with priorities for risk assessment of mixtures.

NEXT MEETING — 29 MARCH 2011

ANY OTHER BUSINESS

There was none.
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