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Short Summary of Results

Policy Question
1. What is the current

Analytical aspects: As a preliminary step to be able to address this policy

exposure of the EU

question, in WP9 a prioritised list with most suitable biomarkers, matrices and

population to BPA?

analytical methods has been elaborated (see D9.1). The biomarkers of exposure,
matrices, analytical methods and method detection limit (MDL) selected for
bisphenols are listed below:
- Bisphenol A: BPA, Urine (0.5 mL), LC-MS-MS, MDL: 0.02 ng/mL
- Bisphenol S: BPS, Urine (NA), LC-MS-MS, MDL: 0.03 ng/mL
- Bisphenol F: BPF, Urine (NA), LC-MS-MS, MDL: 0.06 ng/mL
For BPA, BPS and BPF urine should be preferred as the matrix of choice for
exposure assessment in the general population. The risk of contamination of the
samples during the sampling/preparation procedure should be monitored by field
and laboratory blank controls. Now the procedure for evaluating and managing
this possible external contamination level remains to be harmonised between
laboratories as a prerequisite for reliable inter-country data comparison and
analysis.
Commercially available internal standards and biomarkers for BPS, BPF and
other BP’s are not yet well implemented in all laboratorieslaboratories proposing
bisphenol analyses. More broadly, for BPS, BPF and other BP’s there is a
general lack of peer-reviewed, published methods, especially in urine, and
experience in HBM studies is less well established as compared to BPA. Up to
now quantifiable measures in urine with quality assured (labelled) internal
standards for BPS and BPF are not available in Europe.
The interlaboratory assays (ICI/EQUAS) organised within WP9 in 2018/19 will
permit to have a better picture of the current situation on these analytical aspects
and of the real existing capabilities for bisphenol analyses in the different
laboratories proposing these analyses. At this stage, three rounds have been
carried out and labs who succeeded will be available soon.
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WP16 is also contributing to refine and/or increase the knowledge regarding the
relative proportions of free versus conjugated forms of these contaminants. This
aspect is of major importance in consolidated exposure assessment,
characterised toxicological impact, and contribution to PBPK modelling for
exposure-health studies. It is also important to address the issue of
contamination during sample preparation mentioned above.
What do we learn from previous surveys? WP5 has prepared a scoping paper
on the development of Human Biomonitoring (HBM) indicators on chemical
exposure in the European population. A case study on HBM indicators from
DEMOCOPHES data has been reported for BPA (see D5.3). This led to the
following results (exposure levels in the population): in children, the weighted
geometric mean (95% CI) for urinary BPA equaled 1.97 μg/L (1.81-2.15) in the
total European study group. In mothers, it equaled 1.78 μg/L (1.62-1.94),
suggesting a tendency for higher levels in children compared to their mothers.
Survey planning and harmonisation. In 2018 WP8 has establish a sampling
frame for Europe to align ongoing/planned studies to collect HBM data of the
prioritised chemicals with EU wide coverage. Due to the scarce availability of
recent exposure data on the first set of priority chemicals and due to financial
limitations it was decided to focus on specific chemicals per age group to achieve
EU wide coverage of these chemicals within the selected age groups. Therefore,
Bisphenols (A, S, F) will be analysed in adults (20-39 years) (D8.4). Samples are
collected in 11 different European countries.
Statistical plans. WP10 has elaborated, among others, a specific statistic data
analysis plan for bisphenols. The plan defines all the necessary variables for the
statistical analysis to address bisphenol specific researchresearch questions on
general exposure levels, time trends, geographic comparisonscomparisons and
exposure determinants (see D10.2).

3. Are bisphenols

Establishing Health-based Guidance values. For BPA, there are different

exposure levels of

HBM-HBGVs (Human Biomonitoring derived Health-Based Guidance Values): 1)

concern for health?

the German HBM-I-value for children and the German HBM-I-value for adults1 2)
the BE value based on one hand on the pTDI from Health Canada and on the
other the BE value based on the US EPA RfD and EFSA TDI2.
The German HBM-I value was used here as primary health based guidance
value in the absence of an HBM HBGV derived in HBM4EU. The use of the
German HBM-I-value indicated that in <5% of the Danish children and in <5% of
the mother-child pairs in Belgium the measured urinary BPA concentrations
exceeded the German HBM-I-guidance value. Exceeding the HBM-I-value
implies that the occurrence of a certain health risk cannot be excluded with
sufficient certainty. As the percentage of the population exceeding the HBM
HBGV was <5% in Danish mothers, Belgian children and mothers, the extent of
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exceedance indicator, based here on the ratio of the 95% percentile over the
HBM-I-guidance value, was <1. None of the participants in the six European
countries did exceed the BE values for urinary BPA which are older and higher
than the HBM-I. The BE value corresponding to the oral provisional tolerable
daily intake (pTDI) of 25 g/kg-d from Health Canada is 1 mg/L (1.3 mg/g
creatinine); value corresponding to the US EPA reference dose (RfD) and EFSA
tolerable daily intake (TDI) estimates (both of which are equal to 50 g/kg-d) is 2
mg/L (2.6 mg/g creatinine).
Towards the end of 2018, in WP5, ANSES and UBA started working on the
establishment of new HBM4EU health based guidance values for BPA both in the
general population and in occupational settings. These values will be released in
2019.
Selecting effect markers. A strategy for the selection of effect biomarkers for
their potential implementation in HBM4EU aligned studies has been presented
and exemplified in three case studies in relation to the bisphenols family of
compounds. The suitability of using effect biomarkers from the WP14 inventory
(D14.3) to represent possible AOPs identified by WP13 has been explored for
bisphenol A and female reproductive health / glucose homeostasis / neurological
effects. The technical and scientific limitations have also been discussed
(AD14.3).
AOPs and BPA. WP13 has produced a report on adverse outcome pathways
(AOPs) for the first set of prioritised substances within HBM4EU. However most
of the effort was devoted to BPA substituents (see below).
PBTK. Within task 12.3, biological half-lives (t1/2) in human have been compiled
that contribute to the refinements of the PBPTK models and estimation of internal
doses for 1st set of priority compounds. The t1/2 values (hours) compiled for
bisphenols [BPA and its substitutes (BPS, BPF)] in blood/serum or urine were
generally low, with median values lower than 7 h (D12.3).
WP12 has also assessed exposure pathways leading to internal dose using a
combination of external exposure determinants/modifiers and, in the case of
bisphenol A, a dedicated model was developed by WP12 partners. Furthermore,
tissue levels were determined based on blood levels and blood/tissue partition
coefficient.
For bisphenols, the BPA exposure of the Elfe study pregnant women was
estimated individually from the HBM data (here, the urinary concentration of total
BPA) using a reverse dosimetry approach based on PBPK modelling. Two
scenarios of exposure corresponding to the same amount of administered BPA
over the pregnancy were tested. The scenario I assumes a constant and
continuous exposure to BPA via ingestion and dermal contact over the whole
pregnancy. The scenario II models three diet intakes and 2 dermal intakes by
PCPs each day of the pregnancy. (Detailed results in D12.4)
5. What is the toxicity of

Computational Tool development. In order to assess the putative toxicological

BPA substitutes and are

impact of BPS and BPF, new tools were developed. These tools are based on
text mining using artificial intelligence as well as on systems biology tools
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(Carvalho et al, EHP, 2019)3. Using different combinations of these tools it was
possible to identify the most likely toxic outcomes of exposure to these
substituents.
Putative toxic effects of BPA substituents. Using the tools mentioned above it
was possible to highlighthighlight obesity as one of the major potential health
endpoint of BPS which was related to the biological activity of adipogenesis. The
characteristic key events were decreased lipolysis, increased adipocyte
formation, fatty acid uptake and lipogenesis. These are initiated by the disruption
of the activity of 1) several transcription factors including estrogen receptors or
ERR gamma, 2) enzymes such as hormone-sensitive lipase, or 3) expression of
adipogenic biomarkers including PGC-1 alpha & perilipin 4 (D13.4).

2. Do different

As a very preliminary step to be able to address this policy question, WP7 has

regulatory controls

elaborated a study protocol for harmonised recruitment and sampling (see D7.3).

across the EU

This procedure provides the main essential points for the planning of new studies

concerning in particular

or if an existing study is to be aligned or biobanked samples are to be used in the

BPA lead to different
exposures?

frame of HBM4EU.
A specific questionnaire for bisphenols has been designed to collect all the
necessary information concerning individual characteristics of the participants
(sociodemographic, dietary, occupational, lifestyle, environmental and health
factors). The outcome of these questionnaires might contribute to find out
whether there are HBM data or suitable samples available before and after the
ban in France, Sweden and Denmark.
As an action to guarantee the comparability and the quality of the analytical
results within HBM4EU, WP9 is implementing a complete tailor-made ICI/EQUAS
program covering until now 74 parameters, including the analysis of BPA, BPF
and BPS in urine. The 33 candidate laboratories identified in task 9.2 were invited
to join the 1st ICI round and about the 72% of them have participated (different
number of laboratories for the different bisphenols). The 1 st round finished in July
and at the end of 2018 will take place the 2nd ICI round.
WP5 is contributing to guide decision makers for using HBM data in a broad
sense (awareness raising, remediating measures, and improved regulation),
trajectories towards participatory processes have been initiated. A first case
study on policy uptake of HBM results has focused on bisphenols and phthalates
(see D 5.4).
The bisphenols case (mainly focusing on BPA) is characterised by a persistent
controversy, fueled by the discrepancy between standardized regulatory studies
(used for formal risk assessments) that do not report health effects, and an
increasing number of academic studies reporting effects at current exposure
levels (low doses), but lacking reproducibility and therefore not meeting the
quality standards for regulatory risk assessment.
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A first goal of HBM4EU for the bisphenols is therefore to guarantee quality
controlled HBM data measurements via interlaboratory assays (ICI/EQUAS)
organised within WP9.
4. Is occupational
exposure of cashiers a
health concern?

WP5 has elaborated a concept document on the strategy for the derivation of
health-based guidance values for the general population and for occupationally
exposed adults (see D5.1). In the case of occupational BPA exposure of
cashiers, HBM data can be used to support modelling data, giving a stronger
basis for the assessment. However, BPA HBM based risk assessment included
some uncertainties related for example on the fraction of free BPA available for
systemic distribution after dermal exposure.
BPA was proposed to be restricted because of health risks for pregnant workers
and consumers exposed to it in thermal paper (France, 2014). The analyses of
biomonitoring studies performed by ANSES and by EFSA (EFSA, 2015) were
included into an updated version of the restriction dossier.
A draft on the derivation of Human Biomonitoring Guidance Values (HBM-GV) for
BPA is currently under development. HBM-GV will help interpretation of the
potential health impact of internal chemical exposures measured in workers and
in the general population through HBM. At this stage, urinary BPA concentration
distributions have been reconstructed based on published EU HBM studies for
further comparison with the derived HBM-GV on BPA. Information on BPA HBM
data in occupational settings has already been collected.

6. Are health risks age
and gender dependent?

WP7 has run a NHCPs online consultation on existing HBM surveys. The
outcome from 124 questionnairesquestionnaires has been analysed in D7.1.
For bisphenols, an analysis by European-defined region showed that the
identified studies included predominantly the North (Denmark, Estonia. Finland,
Iceland, Ireland, Latvia, Lithuania, Norway, Sweden, UK) and the West (Austria,
Belgium, France, Germany, Luxembourg, The Netherlands, Switzerland). For the
studies reported as having a national representativeness level, the majority
involved children and newborns. In studies with children, bisphenols was among
one of the most analysedanalysed substances.
As previously described above, in WP12, the BPA exposure of the Elfe pregnant
women was estimated individually from the HBM data (here, the urinary
concentration of total BPA) using a reverse dosimetry approach based on PBPK
modelling. Two scenarios of exposure corresponding to the same amount of
administered BPA over the pregnancy were tested. (Detailed results in D12.4)

7. Can we find evidence

During 2018 WP13 addressed exploration of available cohort data for bisphenols

for low-dose effects

and (neuro)developmental and reproductive outcomes (D13.3). Further studies

within mixtures?

were outlined addressing mixture effects of PFAS, bisphenols and/or phthalates
in children.

8. How can HBM feed
into assessment of the
Tolerable Daily Intake

WP12 has developed a roadmap for PBTK/TD model refinement and analysis for
priority substances including bisphenols (see AD12.2)

Short Summary of Results

Policy Question
(TDI) for BPA, as set by

This PBPK model can reproduce the BPA chemical-specific pharmacokinetic

the European Food

data for oral exposure though solid form (cookie) and is reliable with regard to its

Safety Authority

predictions of BPA in serum (Thayer et al 2015, N=3 volunteers), BPAG in serum

(EFSA)?

(Thayer et al, N=3 volunteers), cumulative excretion of BPAG in urine (Thayer et
al 2015, N=3 volunteers and Volkel et al 2002, 2005).
For oral exposure though liquid form (soup), the PBPK model has been revised
(re-calibrated by optimisation of the oral uptake constant) however not evaluated
with new data.
The model should be further evaluated, in particular towards the biological
relevance of the enterohepatic recirculation modelling.
WP12 has optimised the methodology for exposure reconstruction (AD12.6),
which was applied in available HBM data.
For bisphenols, in particular BPA: the EU population was estimated to have an
average daily intake of 0.05 μg/kg bw•d, a value that is much lower than the
corresponding temporary tolerable daily intake set by the European Food Safety
Authority (EFSA). Even the highest level of HBM measurements (corresponding
to Italian adult population) corresponded to a daily intake of 0.77 μg/kg_bw•d, still
significantly lower than the EFSA t-TDI. HBM data for different age groups
including young children, adults and pregnant mothers were used for the
assessment. Both a life course PBTK model and a pregnancy PBTK model were
used to allow for more accurate reconstruction of external exposure taking note
of the physiological and metabolic differences characteristic of different age
windows during the life course and in utero.(AD12.5)
In WP5, ANSES and UBA are working on the establishment of new HBM4EU
health based guidance values for BPA both in the general population and in
occupational settings. These values will be released in 2019.

9. Is it important to

Based on the studies carried out in HBM4EU but also in several other projects

eliminate legacy BPA

that were analysed by HBM4EU, it is possible to state that legacy can possibly

from material cycles

have health impact. However this will be better assessed when Guidance values

(i.e. waste till receipt

will be obtained for BPs.

rolls) when
implementing a circular
economy in order to
protect human health?

