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Background
On 22 March 2018 the EFSA Panel on Contaminants in Food (CONTAM Panel) adopted a scientific
opinion on the risks to public health related to the presence of perfluorooctane sulfonic acid and
perfluorooctanoic acid in food. Due to the fact that the CONTAM Panel, at the end, agreed to use
endpoints from human epidemiological studies to derive the health-based guidance values, potential
divergences between the CONTAM Panel scientific opinion and previous risk assessments of ECHA,
Danish EPA and RIVM were identified at this stage. Following the presentation of the outcome of the
opinion and the identified divergences to the EFSA Advisory Forum, potential contentious issues were
raised also by BfR. Some of these issues were addressed by EFSA in correspondence with RIVM and
BfR in preparation of the expert meeting.
An expert meeting was organised by EFSA to cooperate with the four interested parties, either to
resolve the divergence or to prepare a joint document clarifying the contentious issues and identifying
the relevant uncertainties, as indicated in Article 30 of Regulation 178/20021.
The minutes of the meeting were agreed by all parties on 10 December 2018.
1. Welcome and introduction to the meeting
The participants were welcomed by the Chair of the meeting, Juliane Kleiner.
2. Introduction of participants
The participants introduced themselves during a tour de table . The list of participants is enclosed (see
Annex A).
3. Adoption of the agenda
The agenda (see Annex B) was adopted without changes.
4. Presentation of critical points from the EFSA assessment on PFOS & PFOA in food and
summary of the potential divergences
Although experimental animal data were reviewed as part of the assessment in the EFSA CONTAM
Panel opinion, due to differences in toxicokinetics and the relevance of observed effects in animals
and underlying mode of action between experimental animals and humans, endpoints from human
epidemiology studies were used to derive the Tolerable Weekly Intakes (TWIs).
The potential critical human endpoints were:


increased serum cholesterol (indicating an increased risk of future cardiovascular disease).
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increased prevalence of abnormal serum levels of alanine aminotransferase (ALT) (indicating
an effect on hepatocytes).
decreased antibody response after vaccination (indicating impaired immune function).
decreased birth weight (which may increase risk of low birth weight (below 2500 g) and risk
of future disease).

From these endpoints identified, the increase of serum cholesterol was considered to be the critical
key adverse outcome for both PFOS and PFOA. For PFOS, three studies on serum cholesterol showed
very similar BMDL5 levels expressed as serum PFOS (21 – 25 ng/mL), corresponding to an estimated
chronic daily intake of 1.7-2.0 (median 1.8) ng/kg bw per day. For PFOA, two studies on serum
cholesterol showed very similar BMDL5 levels expressed as serum PFOA (9.2 – 9.4 ng/mL),
corresponding to an estimated chronic daily intake of 0.8 ng/kg bw per day. Considering the long
half-life of PFOS and PFOA, the CONTAM Panel established TWIs of 13 and 6 ng/kg bw per week,
respectively. If applied for all age groups, the TWI for PFOS is protective for adverse effects on
vaccination response and reduced birth weight; maternal PFOS levels will be the major predictor of
children’s levels. For PFOA, the TWI is protective also for increased risk of liver damage (indicated by
high serum ALT) and reduced birth weight.
EFSA identified the preference for human epidemiological studies over rodent studies for deriving
health based guidance values for PFOS and PFOA as the major divergence with RIVM, ECHA and
Danish EPA.
5. Presentation of the ECHA Position
In 2015, the committee for risk assessment (RAC), established a ‘Derived No Effect Level’ (DNEL) of
800 ng/mL serum for PFOA for the general population (ECHA, 2015). This was based on a mouse
study by Lau et al, (2006) where a decreased pup growth rate in the order of 25-30% during postnatal days 13-23 was observed at doses of 3 mg/kg/day and higher, with a no-observed-adverseeffect-level (NOAEL) of 1 mg/kg/day. The corresponding serum concentration (estimated from the
publication), gave a NOAEL of approximately 20,000 ng/mL. RAC used a total assessment factor of
12.5 (2.5 x 5), resulting in a worker DNEL of 1600 ng/mL serum. The corresponding DNEL for the
general population was 800 ng/mL serum, using an intraspecies assessment factor of 10 (total
assessment factor 2.5 x 10).
PFOA and its salts, and related substances, were restricted on the basis of the persistent
bioaccumulating and toxic (PBT) identification and so this perceived divergence in the human health
evaluation does not question the validity of the restriction or of EFSA’s opinion. In the case of the
human health evaluation, its only aim was to support the restriction more broadly and not to provide
a definitive reference value or safe level. The divergence in the human health assessment comes
from the different expert judgments on the robustness of the chosen point of departure, either based
on animal or human information. This is noted by the ECHA secretariat and will be communicated for
information to the former rapporteurs. ECHA and EFSA may consider how best to communicate the
nature of this perceived divergence.
Human evidence was considered as part of the review, including developmental toxicity,
cholesterolemia and immunotoxicity. However, ECHA considered these data not robust enough, or the
adversity was unclear or there were uncertainties in the dose response.
6. Presentation of the Danish EPA position
The Danish EPA referred to the 2014 assessments by the US EPA (US EPA 2014a,b) to establish TDIs
for PFOS and PFOA. The endpoint of liver toxicity in rats, from the studies by Thomford et al. (2002)
and Palazzolo et al. (1993), was used to derive TDIs of 0.03 μg/kg bw per day and 0.1 μg/kg bw per
day for PFOS and PFOA, respectively. Human studies were considered in the Danish EPA 2015
assessment (Larsen and Giovalle, 2015), however they were not considered to be adequate.
The divergence in the choice of the point of departure and TDIs between the EFSA opinion and
Danish EPA assessment (2015) comes from the different expert judgments on the robustness of
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human data. However, the Danish EPA is currently conducting a scientific review of the EFSA
Scientific opinion in order to clarify if this divergence still exists.
7. Presentation of the BfR position
The BfR requested clarification on the following three main issues:
1. The relevance of the observed changes in biomarkers in epidemiological studies in the
context of the derivation of TWI values for PFOS and PFOA.
2. The safety of a long breastfeeding period for young children regarding possible effects on
reduced antibody formation after vaccination.
3. Exposure assessment: possible overestimation of estimated intake of PFOS/PFOA if a
substantial proportion of samples originated from “hotspot regions”.
Further details on each of these issues are provided below:
1) The relevance of the observed changes in biomarkers in epidemiological studies
in the context of the derivation of TWI values for PFOS and PFOA.
Increase in total cholesterol

1.

Selection of total serum cholesterol (TC) as compared to differentiated cholesterol fractions
(like LDL-C or TC/HDL-C) as point of departure for the derivation of the TWI-values.

BfR agrees that the use of a less indicative factor such as total cholesterol is justified in the case that
study data are limited, in this case data missing on LDL cholesterol. However, as this possibly limits
data interpretability the BfR proposes that the resulting limitation should be discussed in the
uncertainty analysis (Indicative power of total serum cholesterol as toxicological endpoint, chapter
3.6.2.2.1 serum cholesterol).

2.
3.

4.

Assessment of the study by Steenland et al (2009) from a clinical point of view
Selection of the threshold for a clinically relevant increase in total cholesterol in the light of
the nature of cardiovascular diseases (CVD) as multifactorial processes/relationship between
an increase in total serum cholesterol and an increase of cardiovascular diseases.
Assessment of the proportion of the population that would be above the reference range.

BfR considers additional information provided by a letter from EFSA explaining how EFSA derived the
value of 240 mg/dL serum cholesterol from the study by Steenland et al, (2009) as very helpful and
proposes the inclusion of the following paragraph, which is based on the information from EFSA, in
section 3.4.1.1 of the EFSA opinion:

“In the study by Steenland et al. (2009) the mean TC was 199 mg/dL and the SD was 42. For
an ideal normal distribution, a shift of the whole distribution to the right due to an increase of
serum cholesterol by 5%, will increase the prevalence of “high levels” (in this case serum
cholesterol above 240 mg/dL, defined as “hypercholesterolemia” by Steenland et al.,
prevalence 15%) considerably (by about 9%). An unpublished evaluation of the raw data of
Steenland et al. (2009) (Data provided (Fletcher, 2017) showed an approximately normal
distribution of serum cholesterol levels. An increase of serum cholesterol levels by 5% would
result in an increased prevalence of cholesterol levels above 240 mg/dL by more than 5%”.
In the view of BfR it could be concluded that a 5% shift to higher total cholesterol levels on the
population level represents an undesirable change. However, the health risk that is associated with an
increase of total cholesterol of 5% for an individual cannot be indicated without referring to other risk
factors such as age or blood pressure. BfR would appreciate if the EFSA opinion or a related
document on frequently answered questions (FAQs) could clearly state which health outcomes would
result from an exceedance of the TWI for which groups of the population.
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In the view of BfR one of the (crucial) limitations of the EFSA Opinion is that established drivers of
CVD other than PFOS/PFOA are not discussed in detail. Given that the opinion relies heavily on
epidemiological data to define cardiovascular risks as the most sensitive endpoint, established drivers
for CVD other than PFOS/PFOA should be discussed in a separate chapter (at least age, gender, blood
pressure).
Furthermore, all epidemiological studies on the association of blood cholesterol and increased risk for
CVD included in the EFSA Opinion are inherently limited with regard to the age of the study
population. In the key study mentioned in the EFSA Opinion, the meta-analysis by Lewington et al.
(2007) on the association between the relative risk for CVD and TC, the youngest age group is 40-49
years old. There is no information on the effect of cholesterol on CVD for younger subjects. In the
meta-analysis by Mihaylova et al. (2012) a reduction of LDL-C was associated with a decrease of CVD
only for the age groups studied (59±8 to 66±9 years). If there is no information on the effect of
cholesterol on CVD for younger subjects (<40 years) then BfR suggests that the lack of data for
people <40 years is indicated in the EFSA Opinion.
In the meta-analysis by Lewington et al. (2007) there is a “negative association of cholesterol with
stroke mortality at older ages or at higher blood pressures.” BfR proposes that this issue should be
addressed in more detail including the discussion of results that at first might be contradictory.

5.

Possible coincidence of increased serum levels of PFOS and PFOA with higher total cholesterol
serum levels resulting from a possible common reabsorption (of bile salts, PFOS and PFOA)
from the gut and the uptake into the liver via shared membrane transport pathways.

PFOS and PFOA as well as bile salts undergo enterohepatic circulation (EHC). The re-uptake of bile
salts from the gut generates a negative feedback loop, effectively reducing the de novo synthesis of
bile acids from cholesterol in the liver. The EHC requires the transporter-mediated uptake of bile salts
into enterocytes and hepatocytes. Several transporters such as NTCP (Na+/taurocholate
co-transporting polypeptide), ASBT (apical sodium-dependent bile salt transporter) and OATPs
(organic anion transporting peptide) are involved in the uptake of bile salts (Pellicoro and Faber,
2007). NTCP and ASBT are also involved in the transport of PFOS (PFOA was not tested) (Zhao et al.,
2015). In addition, several OATPs (OATP1B1, OATP1B3, OATP2B1) can transport PFOA and PFOS
(Zhao et al., 2017). A polymorphism in the OATP1B1-coding gene was found to be associated with
the plasma concentrations of certain bile acids and a bile acid synthesis marker (Xiang et al., 2009). A
sequence variation in a key EHC uptake transporter is therefore able to modulate the serum levels of
EHC substances.
Against this background, BfR suggests the following mechanism for a possible coincidence of
increased serum levels of PFOS and PFOA with higher total cholesterol serum levels:
1. A population-level variability in the enterohepatic circulation (EHC) of bile salts exists which is
driven by minor variability of intestinal reabsorption.
2. The variability in EHC translates, via negative feedback regulation, into variability of TC serum
levels.
3. The variability in EHC affects intestinal reabsorption of PFOS/PFOA and, thereby, the serum levels
of PFOS/PFOA.
In a scenario with a constant population exposure to PFOS/PFOA, such a mechanism would generate
a positive association between the TC serum level and the PFOS/PFOA serum levels. In a scenario
with a variable population exposure (with constant exposure at the individual level), low PFOS/PFOA
serum levels would occur in individuals with lower PFOS/PFOA exposure and reduced EHC. These
individuals would also show lower TC serum levels. Applying then, for example, a quantile analysis to
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the PFOS/PFOA serum level data would show the lowest average TC serum levels for the lowest
PFOS/PFOA quintile. Such a mechanism would also be able to generate the saturating doses-response
curves (serum TC vs PFOA/PFOS deciles) which were described by Steenland et al. (2009).
It should be noted that the proposed mechanism does not downplay the role of exposure as the
primary driver for the PFOS/PFOA serum levels. Instead, the hypothesis is raised as an additional
mechanism that could be able to modulate PFOS/PFOA serum levels. The results of the retrospect
analysis by Winquist and Steenland (2014) do not invalidate the proposed hypothesis, and the
longitudinal study of Fitz-Simon et al. (2013) found a tendency for study participants with larger
decreases in PFOA/PFOS serum levels to have a larger decrease in TC and LDL-C serum levels. This
finding would argue against the aforementioned mechanism, that is, if confounders such as agedependent changes in EHC can be excluded.
In conclusion, given the evidence that such a mechanism could potentially be operating, BfR
recommends to include a detailed account on this topic into the opinion. Concerning TWI derivation,
the risk should be considered of basing a TWI on a relationship that is likely to be coincidental rather
than causal.
2) The safety of a long breastfeeding period for young children regarding possible
effects on reduced antibody formation after vaccination.
The observations of a partially reduced formation of vaccine antibodies in association with internal
exposure to PFOS and PFOA are currently based on few studies. The strongest associations were
observed in the study in the Faroe Islands (Grandjean et al., 2012), whose inhabitants have a
relatively high exposure to a large number of persistent contaminants as a result of the high
consumption of fish and whale meat/blubber (e.g. Oulhote et al., 2017), which accumulate in the
food chain. Therefore, in particular other environmental contaminants with high persistence have to
be considered as possible confounders. In Faroe Island study, however, only the PCBs were
measured in the children and were taken into account in the evaluation, but it was not possible to
consider the co-exposure to other contaminants (e.g. heavy metals) or the mixed exposure as such.
Furthermore, it is not clarified why in the same participants, a significant proportion of the children
did not show the expected further drop in antibody titers at the follow-up at the age of 13 years, and
why at this age the trends for tetanus antibodies and PFAS were mostly positive (Grandjean et al.,
2017; not considered by EFSA2).
The clinical significance of the findings observed with regard to a possibly reduced efficacy of
vaccinations is unclear. The measurement of vaccine antibodies in serum is a simple and wellestablished method, but the result is only a surrogate marker for vaccine efficacy. For most vaccines,
the titers provide no indication of the protective potency of the vaccine and the actual functioning of
the immune system in the event of infection. Studies in humans on the PFAS effect on cellular
components of the immune system or with functional examinations using ex vivo lymphocytes are not
available. In addition, basic questions such as the underlying mechanisms of action or possibility of a
sensitive time window during childhood (the studies available to date have looked at children 3 years
and older) are unanswered. In addition, it cannot be inferred from the few available studies whether
– if the effect is causally caused – the decreased antibody production for different vaccinations varies.
To date, there are only limited indications from studies with children whose prenatal exposure to
PFAS has been recorded with regard to the question of a possibly existing general immunotoxic effect
of PFAS compounds leading to an increased susceptibility to infections. Studies on the susceptibility to
postnatal PFAS exposure in breastfed children are not available. Even if this only allows a rough
statement, it can still be said that the large US cohort in the vicinity of a former PFOA-producing
factory in Ohio/USA (“C8 study”) with tens of thousands of participants despite comparatively high
PFOA exposure (mean 69.2 μg/L in a group of 12,476 children and adolescents, Frisbee et al., 2010),
there are yet no reports of increased incidence of infections or vaccine breakthrough infections.
2
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In conclusion, BfR rates the evidence for a reduced antibody formation after vaccination caused by
PFOS/PFOA exposure as limited to moderate, and more preferably prospective studies are needed
with high statistical power. These studies should include, in terms of the window of sensitivity, the
end of a long lactation period (age 0.5 to 1.5 years) when the highest levels of PFAS in breastfed
children are expected, and antibody response can be investigated for the many vaccinations carried
out during the first year of life. In addition to titers of vaccine antibodies, also functional parameters
of the immune system and metabolic parameters should be included. Furthermore, other research
approaches should be used, e.g. the clarification of possible mechanisms of action.
Considering the current evidence available, BfR would not have used the study results to derive
HBGVs.
Furthermore, BfR is not convinced by the modelling approach of the EFSA CONTAM Panel to derive an
HBGV in case of antibody data and exposure to PFOS:
In principle, BfR agrees with the set-up of the modelling approach used by the EFSA CONTAM Panel.
However, the way the model was used (“if a child would be breastfed exclusively for six months and
partly … for some additional months, the serum levels will likely not reach the BMDL 5 at age 5 years”)
is not convincing for the BfR: the age of five years was used because in the key study (Grandjean et
al., 2012), children were vaccinated at the age of five years and PFAS were analysed in blood. As
shown by the modelling, breastfed children have distinctly higher PFOS levels at the age of six
months (35 μg/L, compared to 9.6 μg/L at five years, scenario 2, Figure C4). If PFOS has indeed an
immunotoxic effect, this will not be present at the age of five years only, and the first year of age
would be expected to be more critical due to the much higher exposure in case of a long
breastfeeding period as well as the due to the importance of this period regarding the vaccination
regimen. In the BfR’s view, the modelling approach used by the EFSA CONTAM Panel is not
convincing to conclude on the safety of breastfeeding.
3) Exposure assessment: possible overestimation of estimated intake of PFOS/PFOA
if a substantial proportion of samples originated from “hotspot regions”.
The BfR considers that the opinion does not fully reflect the importance of the hotspot issue and the
subsequent uncertainties associated with the exposure assessment. Two examples are described:

Example 1: PFOA in eggs
Occurrence data from Germany:
 27% of the analytical results (45/164 ) traced to districts containing “hotspots“
 Analytical results > LOD: 14/15 originated from districts containing “hotspots“
Example 2: PFOA in cow milk
LB mean in the EFSA Draft Opinion: 0.067 µg/kg
Only few samples above LOD/LOQ (97% left censored)
Estimated quantifiable concentration 3.2 µg/kg
Translation into concentrations in feed with transfer factors feed/milk:
2700 µg PFOA/kg DM in feed or 670 µg PFOA/kg in water
 Values could be clearly attributed to a “hotspot region“
The BfR propose that the EFSA opinion should include a more critical appraisal of this problem and
suggest the expansion of the following paragraph from section 3.6.1 (indicated below in underlined
text), as follows:


“The information on occurrence in food comes from monitoring programs, and also from

routine measurements within the frame of official food controls, so they originated from both
random and targeted sampling. Targeted sampling is usually focused on known or suspected
contamination sites. Given that contamination of the environment with PFOS/PFOA is spatially
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very variable and substantially elevated in “hotspot” regions, inclusion of such data may
result in significant overestimation of exposure for the general population not affected by the
food and drinking water originated from hotspot areas.”
Breast feeding risk-benefit analysis
In addition to the three main issues, BfR raised the issue of breastfeeding and whether EFSA intends
to carry out a risk-benefit analysis of breastfeeding.
8. Presentation of the RIVM position
With regards to the chronic exposure to PFOA in the EFSA CONTAM Panel Scientific opinion, RIVM
identified three main issues:
1. The suitability of the information in the epidemiological studies available for deriving a
Point of Departure (PoD);
2. The assumptions made in the derivation of the PoD;
3. The inconsistency of the applied BMD analysis with the existing EFSA guidance.
These three issues are discussed below:
1) Suitability of the reported information of the epidemiological data for deriving a
PoD.
The epidemiological data used by EFSA are insufficiently reported in the underlying publications to
allow using them as a basis for quantitatively deriving a PoD. Typically, dose-response analysis (of
continuous data) requires individual measurements or summary statistics (mean, SD/SEM and group
size). Figures 2 and 3 in Steenland et al. (2009) provide modelled geometric mean TC and their
confidence intervals (CIs) but the underlying group sizes and SDs are not reported. Neither does the
EFSA opinion report the group sizes that were used from this study in the BMD analysis. In addition,
it is not described how the SDs of ~60 used in the opinion were derived. Furthermore, Figures 2 and
3 in Steenland represent only a small subpopulation (one age group) and it is unclear from the
Steenland study how this subpopulation relates to other subpopulations in the study and if the
derived BMDs would be similar in those other subpopulations.
Specific issues addressed here are illustrated with the Steenland et al (2009) study but similar issues
can be raised for the other studies analysed by EFSA in the opinion (Eriksen et al. 2013, Nelson et al.
2010, Grandjean et al. 2012, Whitworth et al., 2012, Gallo et al. 2012 and Fei et al. 2007).
2) Assumptions made in the derivation of the PoD.
2a. Validity of the dose-response curve
The dose-response for the effect by PFOA on TC as reported in Steenland et al. is a curve that levels
off only 5% above the lowest decile (TC around 210 mg/dL versus around 200 mg/dL). However, it is
known that the maximum response is a property of the endpoint (Slob and Setzer, 2014) and it tends
to be much larger than 5% (Slob, 2017). For cholesterol, the response was estimated to level off at
around 150% (in rodents) by Slob (2017). Compared to that estimate, a change of 5% is a minimal
change and it can be questioned if this can be considered a correct maximum response in a doseresponse relationship for cholesterol and thus usable for derivation of a PoD.
2b. Contribution of individual PFAS to the critical effect
Based on the data reported by Steenland et al. it is impossible to determine the contribution of each
individual PFAS (PFOA, PFOS, PFNA, PFHxS) to the increased level of cholesterol. This was already
mentioned by Steenland et al. who stated that the PFAS blood concentrations are correlated, ‘making
it difficult to sort out the role of each specific perfluorinated compound’. In the draft EFSA opinion,
the increase in cholesterol is attributed to PFOA and PFOS individually for the derivation of the PoD.
However, if one of the components would be completely responsible for the effect on cholesterol
(which is the assumption in an individual BMD derivation), then the others could not have any impact
at all.
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3) Applied BMD analysis
3a. Applicability of EFSA BMD guidance
RIVM does not agree with the statement in Section 2.2.3, page 24 that ‘the EFSA (2017) guidance
does not apply to human data because of (1) the greater scattering of doses, i.e. there is no group
with uniform dose in epidemiological studies compared to animal experiments, and (2) there is no
control group without exposure due to the ubiquitous nature of contaminants like PFASs’. RIVM would
like to refer to the EFSA BMD guidance where it is explicitly stated that (section 2.5.8): ‘In principle,
the BMD approach would also be applicable to human data.’ Indeed, the scattering of doses leads to
an increased uncertainty in the responses when doses are pooled into quantiles. In the case of
continuous responses (as with cholesterol) the shape of the dose-response is not affected by
variation within dose groups. Regarding the missing control group, in EFSA (2009) (section 5.7) and
EFSA 2017 (example 3) it is explicitly stated that with epidemiology data the approach described in
the guidance ‘…still applies, since fitting a dose-response curve does not necessarily require
observations at zero exposure’. RIVM would like to emphasize that:
i.
The EFSA guidance on BMD modelling applies to all study types, regardless which subjects
and test methods are used: drosophila, nematodes, fish, in vitro cell systems, mice, rats,
humans, etc. I.e. basic principles of BMD modelling apply equally to clinical trials, epi studies
and other types of human studies.
ii.
EFSA has been discussing appropriate methods and assumptions to perform BMD analysis in
a working group existing of a large number of experts for years. It seems inappropriate to
disregard the resulting BMD guidance and to decide to take an ad hoc approach.
3b. Definition of BMR
RIVM does not agree with the definition of the BMR in the opinion. According to EFSA BMD guidance
(2009 and 2017) the BMD is a dose level, estimated from the fitted dose–response curve, associated
with a specified change in response, the benchmark response (BMR). For continuous data (as applies
here) the BMR is defined as a percent change in the mean response as compared to the background
response. However, in the opinion (section 2.2.3, page 24) the BMR is redefined as ‘an increase
relative to the lowest quantile’. By using the lowest quantile as the proxy of the background response,
the BMD heavily depends on the choice of the number of quantiles. For example, when the number of
quantiles from the Steenland et al. study (Opinion, Appendix B, analysis 1) would have been five
instead of ten, then the total cholesterol at the lowest quantile would have been higher.
Consequently, the estimated BMD would have been higher too. In this case, RIVM is of the opinion
that this approach for the BMR is not valid. In the PFOA analysis for TC the approach was taken of
model-deriving the response at an extrapolated background serum level of 1 ng/mL. The main issue
with most of the currently assessed datasets (as reported in appendix B to the opinion on PFOS and
PFOA) is indeed the lack of information about the background (at dose zero) response. However, as
an exception, the Steenland et al. data on PFOS do seem to allow estimating the background
response (i.e. 196.6 mg/dL). In principle RIVM is of the opinion that it would be a better approach to
use this PFOS-derived background value in the PFOA data as well, since the same response data are
considered for both PFAS.
3c. Choice of software
For RIVM it remains unclear why the BMD analyses were performed with software other than the
PROAST or BMDS software. The PROAST or BMDS softwares are widely validated and recommended
in the EFSA BMD guidance, and the technical limitations for use of PROAST and BMDS in the current
analysis are not specified. Furthermore, the specifications, assumptions and settings of the alternative
software used in the opinion are lacking.
3d. Selection of applicable models
For RIVM is it not clear which 100 models (as reported) were applied in the dose-response modelling.
In earlier correspondence, EFSA explained that ’All data were analysed using numerous models as
described in Budtz-Jorgensen et al. (2001) because of the supposed high sensitivity of the BMDL to
the model’. However, in the paper of Budtz-Jorgensen et al. only four models are described: K-power,
linear, square root- and log-linear. It remains unclear which other 96 models were used and therefore
it cannot be judged whether some of these other models would be applicable, neither can they be
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reproduced. Furthermore, it is unclear which criteria were used to obtain the best fitting model. In
previous correspondence EFSA stated that: ’The best choice was calculated using three statistical
parameters together in order to have a more global point of view on this evaluation as described in
Haber et al. (2018). The best fitting evaluation (sic) in the lowest deciles were visually evaluated’. In
fact, Haber et al. proposed a ’holistic approach‘ of model selection. In this approach they stress that
’it is important to be transparent about the rationale for the choice […]’. The current PFOS/PFOA
opinion lacks such a transparent rationale. It is unclear which (100) models were fitted and it is
unclear what the values of the ’different statistical parameters‘ are. In addition, it is unclear how
these parameters were judged and weighted to arrive at a final best model.
The results of the NULL and FULL models are missing and model uncertainty cannot be evaluated.
These results should be reported in a sound BMD analysis (see e.g. EFSA BMD guidance 2017, page
25, ’The AIC criterion‘) to arrive at a valid final BMDL or BMD confidence interval. Note that the NULL
and FULL models are standard output in the PROAST software and the US-EPA BMDS software.
3e. BMD confidence interval
RIVM cannot agree with the derivation of the confidence interval (CI). The EFSA guidance states that
’the BMD confidence interval needs to be based on the results from various models, instead of just a
single (‘best’) model ’(section 2.5.3 of EFSA 2017). In the opinion a BMD confidence interval was
based on the best fitting curve. However, the EFSA guidance states that the BMD CI should take
model uncertainty into account and hence be based on the results of all applied models, preferably
using model averaging (section 2.5.6 of EFSA, 2017). The EFSA guidance also provides a method for
determining the BMD CI for the case that model averaging software is not available.
RIVM notes that the information on the width of the CI is missing. To gain insight into the uncertainty
of the data and consequently of the derived BMD, the entire BMD (90%) confidence interval should
be reported, i.e. the BMDL and BMDU. The BMD/BMDL ratio does not suffice to determine the
uncertainty (EFSA, 2009 and 2017).
Conclusion: RIVM supports optimal use of epidemiological data in risk assessment. RIVM considers
the currently presented (PFOA and PFOS) information from the epidemiological studies not a suitable
basis for deriving a PoD. In addition, RIVM does not agree with the assumptions made in the
derivation of a PoD. Even if the available epidemiological data were considered to be a reliable basis
for deriving a PoD, in RIVM’s view the BMD approach is not applied and reported correctly in the
opinion. Furthermore, the analysis is not in line with the EFSA BMD guidance, and RIVM cannot agree
with the (lack of) reported reasons for deviation from the EFSA BMD guidance. For example, RIVM
does not support the way the missing background response was dealt with, and to RIVM’s view the
model uncertainty needs to be taken into account. These issues are considered as general
requirements of a sound BMD analysis, which are not related to the fact that the analysed data
originate from an epidemiological study.
In the case of PFOA and PFOS, RIVM concludes that the available epidemiological information cannot
be used for deriving a HBGV as has been done in the adopted opinion.
9. Discussion and responses of EFSA to the positions of ECHA, Danish EPA, BfR and RIVM
In general, clarifications to the points raised will be included in the meeting minutes or in a frequently
asked questions (FAQs) document. It would not be possible to include new points in the adopted
opinion however clarifications to existing points could be included.
9.1 ECHA
EFSA agrees that the divergence is not substantive due to the different scopes of the assessments by
EFSA and ECHA.
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9.2 Danish EPA
EFSA agrees that the current divergence with the Danish EPA 2015 assessment (Larsen and Giovalle,
2015) stands due to the different approach used in deriving the HBGV.
9.3 BfR
With regards to the points raised by BfR:
Issue 1
The relevance of the observed changes in biomarkers in epidemiological studies in the
context of the derivation of TWI values for PFOS and PFOA.
Increase in total cholesterol

1. Selection of total serum cholesterol (TC) as compared to differentiated cholesterol fractions
(like LDL-C or TC/HDL-C) as point of departure for the derivation of the TWI-values.

EFSA agrees that the selection of total cholesterol over differentiated cholesterol fractions, such as
LDL cholesterol which is considered a stronger risk factor for cardiovascular disease, may introduce
some uncertainty into the assessment. There are, however fewer studies reporting associations
between PFOS/PFOA and LDL cholesterol (see Table 23 in the opinion). EFSA chose to perform BMD
modelling in three studies with >500 participants. LDL cholesterol is usually calculated from TC, HDL
and triglycerides and could not be calculated in some study participants in the study by Steenland et
al. (2009). The study by Nelson et al. (2010) reported LDL cholesterol for only half of the participants,
and the study by Eriksen et al. (2013) reported only results for TC.
It should be noted that LDL is the major part of TC, and that, also for TC, the association with
cardiovascular risk is well established. A key reference used in the PFOS/PFOA opinion is the metaanalysis by Lewington et al. (2007) in the Lancet. It reviews 61 prospective studies with 900,000
adults and 55,000 cardio vascular deaths. Within each age stratum there is an approximately linear
association between the relative risk (hazard ratio) and total cholesterol (TC). Lewington et al. also
present similar associations between total cholesterol and stroke. In addition, Lewington et al.
showed similar associations between cardiovascular mortality and non-HDL cholesterol, which is
mostly LDL cholesterol. But, as could be expected, the change in cardiovascular risk per mmol/L of
non-HDL cholesterol is stronger.

2.
3.

4.

Assessment of the study by Steenland et al. (2009) from a clinical point of view
Selection of the threshold for a clinically relevant increase in total cholesterol in the light of
the nature of cardiovascular diseases (CVD) as multifactorial processes/relationship between
an increase in total serum cholesterol and an increase of cardiovascular diseases.
Assessment of the proportion of the population that would be above the reference range.

With regards to the following paragraph proposed by BfR:

“In the study by Steenland et al. (2009) the mean TC was 199 mg/dL and the SD was 42.
For an ideal normal distribution, a shift of the whole distribution to the right due to an
increase of serum cholesterol by 5%, will increase the prevalence of “high levels” (in this
case serum cholesterol above 240 mg/dL, defined as “hypercholesterolemia” by Steenland et
al., prevalence 15%) considerably (by about 9%). An unpublished evaluation of the raw data
of Steenland et al. (2009) (Data provided by Tony Fletcher (2017) showed as approximately
normal distribution of serum cholesterol levels. An increase of serum cholesterol levels by
5% would result in an increase prevalence of cholesterol levels above 240 mg/dL by more
than 5%”.
EFSA agrees with this paragraph, although inclusion in the opinion is not considered necessary.
EFSA agrees to develop a FAQs document which would include information on which health outcomes
would result from an exceedance of the TWI for different groups of the population, and the
established drivers for CVD other than PFOS/PFOA such as age, gender, blood pressure. This
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document will also mention that in young people (<40 years of age) the cardiovascular risk is low,
and there is insufficient information on the association between total cholesterol and cardiovascular
risk in young people <40 years of age.
With regards to the negative association of cholesterol with stroke mortality at older ages or at higher
blood pressures, in the meta-analysis by Lewington et al. (2007), EFSA agrees that in the metaanalysis by Lewington et al. (2007) the association between cholesterol and cardiovascular disease is
stronger for ischemic heart disease than for stroke. For stroke, the association is, however,
statistically significant in the age group 40 – 69 years. It is true that the association for those with
high blood pressure has an opposite direction compared with those having a normal blood pressure.

5.

Possible coincidence of increased serum levels of PFOS and PFOA with higher total cholesterol
serum levels resulting from a possible common reabsorption (of bile salts, PFOS and PFOA)
from the gut and the uptake into the liver via shared membrane transport pathways.

With regards to the possible coincidence of increased serum levels of PFOS and PFOA with higher
total cholesterol serum levels resulting from a possible common reabsorption (of bile salts, PFOS and
PFOA) from the gut and the uptake into the liver via shared membrane transport pathways, EFSA
agrees that it is an interesting hypothesis. The issue seems to be whether changes in reabsorption
could lead to a positive association between serum levels of PFOS/PFOA and cholesterol, the latter
being affected by reabsorption of bile acids. Increased re-uptake of bile acids would generate
negative feed-back loops via farnesyl-X-receptor and reduce the de-novo synthesis of bile acids by
inhibiting 7-alpha-hydroxylase (CYP7A1), the first and rate-limiting step in the formation of bile acids
from cholesterol. So indirectly - perhaps - there could be an increase in cholesterol, since the heavily
recycling bile acids block the metabolism of cholesterol. There is one report that in human
hepatocytes, CYP7A1 may be down-regulated by PFASs (Beggs et al., 2016). However, there are
multiple counter-regulations in the body to keep the homeostasis in cholesterol.
Nevertheless, this possible confounding was further investigated. As described in the Opinion, it is
evident that both PFOS and PFOA are eliminated not only by renal clearance but also via the bile. It is
well-known that bile acids that are excreted into the intestine are extensively reabsorbed, and similar
has been suggested for PFASs. Harada et al. (2007) and Fujii et al. (2015) estimated that respectively
89 and 97% of PFOA excreted via bile has to be reabsorbed, in order to explain the long half-live of
this compound in humans. For PFOS, Harada at al. (2007) estimated this figure to be 97%. There are
papers from Zhao et al. (2015, 2017) demonstrating that PFASs are transported by NTCP, ASBT and
OATPs, contributing to the enterohepatic circulation of these contaminants. These transporters also
mediate the uptake of bile acids. Studies in both rats and humans with cholestyramine, a bile acid
resin used for lowering serum cholesterol, demonstrate the importance of enterohepatic cycling of
PFASs and of this excretion route (Johnson et al., 1984; Genuis et al., 2010, 2013). This implies that
also other drugs and food components that are lowering cholesterol by increasing the excretion of
bile acids, and could have a similar effect on PFASs, might somehow contribute to the observed
association between serum cholesterol and serum PFAS levels. It is evident that this could explain the
observed association in cross-sectional and longitudinal studies, including those that were included in
the risk assessment. However, except from the results obtained with cholestyramine, there have been
no studies to confirm this. Furthermore, based on those studies that have taken dietary factors into
considerations, confounding by diet in general (that could be mediated through this mechanism) does
not seem to be important (Skuladottir 2015, Nelson 2012), although these studies did not focus on
specific factors in the diet like cholesterol lowering dietary products.
The hypothesis also implies that increased serum levels of PFOS/PFOA are caused by increased
reabsorption in the GI-tract rather than only increased exposure. However, Shin et al. (2011)
estimated PFOA exposure of participants from the C8 cohort and showed a Spearman’s rank
correlation coefficient of 0.67 with measured serum levels. Also at much lower exposure, Haug et al.
(2010) showed a relation between increased exposure (primarily from fish and other seafood) and
serum levels of PFOS and PFOA.
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“Additional analyses from the C8 cohort showed that mean cholesterol levels increased significantly
(p-values for trend 0.02 for PFOA, and 0.004 for log PFOA) across water districts with geometric
mean serum PFOA ranging from 13 to 209 ng/mL due to varying drinking water contamination” (Tony
Fletcher – personal communication, 2018). These results are not in line with the hypothesis that the
association between serum PFOA and cholesterol is fully explained by a shared determinant of
excretion. However, as these are unpublished results the importance of these findings as support for
causality can only be properly evaluated once these results along with relevant background
information have been published. Furthermore, in a subgroup of the C8 cohort, there was a reduction
in serum levels of PFOS and PFOA over a 4 to 5 years period and the change of PFOS/PFOA was
statistically significantly associated with the change in serum cholesterol (Fitz-Simon et al., 2013). In
this study people served as their own controls. Provided that their diet and physiology were more or
less unchanged, these findings seem to rule out individual differences in reabsorption of bile acids
and PFASs as cause of the association.
In summary some of the information available suggests that the concomitant reabsorption of bile
acids and PFASs in the intestine could play a role in the observed association between serum PFAS
levels and serum cholesterol, implying confounding by such varying reabsorption. At present there is,
however limited empirical data demonstrating such confounding. EFSA therefore decided to include
the association between serum cholesterol and PFOS/PFOA in the derivation of the TWIs for PFOS
and PFOA. The hypothesis of confounding by concomitant reabsorption will need exploration in future
research projects.
Issue 2
The safety of a long breastfeeding period for young children regarding possible effects on
reduced antibody formation after vaccination.
BfR notes that observations on reduced antibody response are based on few studies and that in the
study with the strongest associations (in the Faroe Islands; Grandjean et al., 2012), there was coexposure to other contaminants. EFSA, in the evaluation considered co-exposure to PCBs but not
other contaminants (e.g. heavy metals) or the mixed exposure as such. Methyl mercury exposure
comes in this population from whale meat and/or fish consumption. Studies looking at immunologic
effects of mercury have been inconsistent (Karagas et al., 2012; Monastero et al., 2017).
The main reason that EFSA considered only co-exposure to PCBs was that an association had been
shown between reduced antibody response and PCBs by Heilman et al. (2010). The co-exposure with
PCBs was measured and adjusted for in the Grandjean study (supplemental material). The relatively
high concentrations of PCBs in the Faroese study is largely explained by consumption of whale
blubber and this would also be the main source of organochlorine pesticides and dioxins and other
lipophilic seafood borne contaminants. The adjustment made for PCBs would therefore in statistical
terms, to some extent, account for these co-exposures as well. In addition, it is worth pointing out
that the association between PFOS and PFOA with serum antibodies is not only observed in
populations where consumption of seafood is high. Similar findings have been reported in US (Stein
et al., 2016) and in Denmark (Kielsen et al 2016) where consumption of seafood and exposure to
seafood born contaminants is likely to differ substantially. Regarding the fact that no studies in
children have been published from the C8 study on antibody response, there can be various reasons
for that but any attempt to address that from our side would be speculative.
Regarding mixed exposure to PFOS and PFOA, EFSA took this into account, abstaining from using the
association between PFOA and reduced antibody response (Grandjean et al., 2012) as a critical effect
when deriving a HBGV for PFOA. The reason for this was that serum levels of PFOS were much higher
than levels of PFOA.
Regarding the clinical significance of the findings of reduced antibody response to vaccines, EFSA
agrees that it is not quite clear. Certain individuals that are at the lower end of the magnitude of the
vaccination response may however, because of exposure, end up having insufficient titers. More
important – an immunotoxic effect of PFASs (as supported by experimental animal data) could cause
increased propensity for common infections, and there is indeed some empirical support for this.
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Human studies designed to detect protection from vaccination in relation to PFOS/PFOA exposure
would be near impossible to perform. However, evidence from observational setting suggests that
exposure to PFOS/PFOA is associated with increased propensity for common infections which further
strengthens the argument on adversity above. For further clarifications on the adversity of a reduced
antibody response, please see Section 3.4.1.3 of the opinion.
On the issue of lack of an association with serum antibodies at 13 years of age (raised by BfR), it
does on its own not invalidate the findings at earlier age. During that follow-up environmental
concentrations had been decreasing and the immune system is more developed at age 13 compared
to early childhood. EFSA agrees with BfR that the most sensitive period for effects on the developing
immune system could have been earlier than at the age of 5 years, when also the serum
concentration of PFOS was higher according to the models. However, the modelling of serum levels at
age 5 also include higher serum levels at lower age, and future studies will have to address the
question whether adverse effects on the immune system can be observed at lower age and if so at
lower maternal exposure.

Issue 3
Exposure assessment: possible overestimation of estimated intake of PFOS/PFOA if a
substantial proportion of samples originated from “hotspot regions”.
EFSA does take steps to avoid the inclusion of data from hotspot areas where possible. Data
providers are asked to report to EFSA if specific samples are collected as “targeted samples”.
And as described in section 3.1.1 Current occurrence data in food “A close attention was paid to data

reported for suspect samples. As inclusion of these samples may lead to an overestimation of the
contamination levels, the CONTAM Panel decided to exclude them (n=480 (total); n=240 for both
PFOS and PFOA) from further analysis.”

Further it is stated in the same section that “However, it should be kept in mind that some of the
remaining samples may also have been collected in a more targeted way.” This has been
acknowledged in section 3.6.1.Uncertainty in exposure estimates, “The information on occurrence in

food comes from monitoring programs, and also from routine measurements within the frame of
official food controls, so they originated from both random and targeted sampling. Targeted sampling
is usually focused on known or suspected contamination sites and inclusion of such data may
therefore result in an overestimate of exposure.”
EFSA is of the view that this issue is covered comprehensively in the opinion, and further elaboration
is not considered necessary.
Breast feeding risk-benefit analysis
In relation to BfR’s comment on the risk-benefit analysis for breastfeeding, as this is not in the remit
of the mandate it was agreed to include this subject in the FAQs document which will be published at
the same time as the opinion.
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9.4 RIVM

1) Suitability of the reported information of the epidemiological data for deriving a PoD.
EFSA responded that the epidemiological data were often extracted from graphs in the paper or
supplied by the authors. Unfortunately, not all information was supplied in the papers, more
specifically the numbers and SDs per quantile. For the numbers per quantile, it was assumed that the
total number of subjects was distributed equally over the quantiles.

As an example, in the case of the Steenland et al. (2009) study, this number was subsequently used
to translate the CI in the figures into an SD. This is justifiable considering that for studies with several
hundred participants, where exposures is divided into quantiles, small differences in the numbers per
quantile are not expected to have a substantial effect on the calculation of the BMD and BMDL.
For the study by Steenland et al. (2009), the issue of subpopulations in the predicted model was
explained in detail at the expert meeting. In short the same BMD/BMDL would be observed,
independent of which part of the study population is selected to be predicted by the model. That is,
the characteristics of the study population chosen in the Steenland study determines the mean
cholesterol level in the lowest decile but the relative shape and response of the curve is the same
regardless of what characteristics are chosen (same BMD/BMDLs will always be observed).
EFSA indicated that further clarifications to the points raised by RIVM will be added to the BMD
methodology section of the opinion and to the appendix containing the BMD modelling analyses.
2)

Assumptions made in the derivation of the PoD.
2a. Validity of the dose-response curve
In EFSA’s response, the point raised by RIVM was briefly addressed. In regard to changes in TC, the
BMR selection is discussed in detail in the opinion and justified by the relevance of the change in
relation to the health implications at population level, as reiterated in these minutes (Section 9.3).
2b. Contribution of individual PFASs to the critical effect
EFSA responded that concerning the issue on the mixture effects, this is a valid point and was
discussed in the uncertainty section of the opinion. Since in the C8 cohort (Steenland and Gallo
studies), levels of PFOA were as high and, in a part of the population, higher than levels of PFOS, it
was decided to perform BMD modelling on PFOA in these studies, and in a number of other studies as
supportive evidence. Future research should focus on mixture effects and relative potencies of PFASs,
and consider a group HBGV for at least some of the PFASs. Such approach was indicated by the last
of the recommendations in the EFSA opinion, and would be in line with the guidance on mixtures that
has been for public consultation and that will be finalised by the EFSA Scientific Committee in 2019.
3) Applied BMD analysis
3a. Applicability of EFSA BMD guidance
Concerning the BMD modelling of the epidemiological data, EFSA responded that the 2017 EFSA BMD
guidance document (EFSA, 2017) considers the possible application of the BMD approach to data
from epidemiological studies. However, the guidance concludes that it is not addressed in the
document and instead a specific EFSA guidance on the use of the BMD approach to analyse human
data was recommended. It has to be acknowledged that the application of BMD in human
epidemiology is much less advanced and harmonised than in the field of intervention studies in
experimental systems. The CONTAM Panel considers it essential that a thorough analysis of
application of BMD to epidemiological data is performed with the aim to have a harmonised approach
in the future.
3b. Definition of BMR
A particular issue with epidemiological data on widespread environmental contaminants is that there
is no group with no exposure (control group). Ideally, it would be possible to estimate the response
of a low-exposed population from the dose-response curve and use this to calculate the dose
associated with a 5% increase in the response. EFSA responded that the approach suggested by
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RIVM to use the background response from a low(er)-exposed group of the population to improve the
curve-fit at the lower end of the curve is interesting but has some limitations. Although an estimation
of the response in a low(er)-exposed group would make the modelling independent from the number
of quantiles, it would have to rely on a series of additional assumptions. One obstacle is that there
are always differences between study populations that are difficult to account for. Therefore it was
decided to estimate the response for the lowest quantile from the fitted curve and use this as a
starting point for calculating the BMR. An exception were the cholesterol data for PFOA from the
Steenland et al. (2009) study. It is acknowledged that the approach taken by the CONTAM Panel to
derive the BMDL5 was based on the assumption that a linearly decreasing trend continues below the
lowest quantile of the dataset. The uncertainties related to this approach are discussed in detail in the
opinion.
3c. Choice of software
EFSA responded that preliminary attempts to model the data with PROAST or BMDS led to the
conclusion that these software programs were not suitable for the modelling.
Recent work with BMDS showed that BMDs and BMDLs close to the ones in the Opinion could be
obtained when data were scaled. This was done by defining the lowest quantile as zero dose and
then adding the median concentration for the lowest quantile to the derived BMD/BMDL.
3d. Selection of applicable models
EFSA responded that the statistical parameters used are described in the opinion: for goodness of fit,
r², DOF r², standard error and F statistic. For curve fitting, Lorentzian minimization, least square
minimization and Pearson minimization can be used. Visual analysis (expert judgment) was also part
of the model selection.
NULL and FULL models are necessary in PROAST, because it used the procedure described in the
guidance for BMD in animal toxicology. In our case the estimation of goodness of fit does not use
these models. For the studies used to derive health based guidance values the fitted model was in all
cases significantly different from the NULL.
Regarding the comment on model selection and the use of AIC, this approach was not used by the
working group. Instead the selection was based on the “best fit model” by statistical approaches
(described in the opinion), expert judgment and by visual inspection. The AIC include likelihood and a
penalty for the number of parameters. However, the AIC mainly provides a qualitative model
comparison: a model with a lower AIC value is better, but how much better is difficult to discern.
Many different equations may fit a data set equally well and there are no fixed rules for choosing
between them for epidemiological studies.
3e. BMD confidence interval
EFSA acknowledge that the applied approach relies only on the outcome of the selected model and
does not allow a full analysis of the model uncertainty under the principles of the EFSA guidance on
BMD. BMDUs were not calculated.
The BMD confidence intervals were computed using an approach similar to the Wald limits method.
The confidence limits provided by the software (TableCurve2d) and the confidence interval from the
asymptotic distribution of the likelihood could be different. Nevertheless, when fitting a model to a
large data set, Wald limits and likelihood-ratio limits will be quite similar.
RIVM announced a written post-meeting reaction on the orally presented EFSA response.
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10. Overall Conclusion
The divergence between ECHA and the EFSA CONTAM Panel Scientific Opinion was considered to be
not substantive due to the different scopes of the CONTAM Panel risk assessment and the ECHA RAC
restriction procedure.
The divergence between the 2015 Danish EPA assessment and the 2018 EFSA CONTAM Panel
Scientific Opinion is confirmed due to different expert judgments on the robustness of the human
data. The Danish EPA indicated that a review of the available data will be undertaken to see whether
the divergence can be solved.
EFSA agreed with the BfR that in young people (<40 years of age) the cardiovascular risk is low, and
there is insufficient information on the association between total cholesterol and cardiovascular risk in
young people <40 years of age. A FAQs document will be published, including the information on
health outcomes of an exceedance of the TWI for different groups of the population and the relation
to established drivers for CVD such as age, gender, blood pressure. In general BfR was satisfied with
the clarifications provided to their potentially contentious issues. There are arguments for and against
the suggested confounding by concomitant intestinal reabsorption of bile acids and PFOS/PFOA raised
by BfR, and EFSA agrees that this aspect, implying higher uncertainty in this critical endpoint, needs
to be addressed in future studies. BfR rates the evidence for a reduced antibody formation after
vaccination caused by PFOS/PFOA exposure from the epidemiological studies available, as limited to
moderate. Considering the current evidence available, BfR would not have used these study results to
derive HBGVs. EFSA agrees that the clinical significance of the findings of reduced antibody response
to vaccines is not quite clear. Furthermore, BfR is not convinced by the modelling approach of the
EFSA opinion to derive an HBGV, as it does not consider the relatively high exposure resulting from a
long breastfeeding period.
EFSA diverges with RIVM. For deriving a HBGV, RIVM did consider (RIVM, 2016) the available
epidemiological information and the opinions of institutes like ATSDR, US-EPA, ECHA/RAC about the
quality of the available epidemiological information. No analysis of individual epidemiological studies
was performed. However, in agreement with the mentioned institutes, RIVM also considered the
epidemiological data not sufficiently informative for (quantitatively) deriving a health-based guidance
value (e.g. TDI, TWI). RIVM did not consider the dose response modelling approach applied by EFSA
as sufficiently transparent and scientifically robust. Overall, the different approaches for benchmark
dose modelling of human epidemiological data illustrate the need for guidance from the Scientific
Committee on this issue.
RIVM expressed its availability for further discussions on the sources of divergence in the current risk
assessment of PFOA and PFOS.
Following the meeting, RIVM reacted in writing to the responses from EFSA in Section 9.4 of this
report. RIVM concluded that the additional clarifications provided during the meeting were not
sufficient to clarify all the points raised and provided additional comments which are attached as
Annex C to this meeting report. The EFSA experts have not evaluated nor agreed to these postmeeting comments received from RIVM.
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11. Final Remarks
Further clarifications on the scientific approach taken will be provided in the EFSA CONTAM Panel
Scientific Opinion and/or are considered covered in the meeting minutes.
FAQs will be prepared in conjunction with EFSA Communications Unit and these will be published
together with the EFSA CONTAM Panel Scientific Opinion and the meeting minutes.3 A clear reference
to the meeting minutes will be included in the opinion.
In view of the uncertainties identified, the participants agreed that further discussion is needed on
these substances and that collaboration on future assessments would be needed.
The participants were informed that the possibility to issue public consultations will be considered as
a default for all the future opinions of the CONTAM Panel.

3

The development of a FAQs document, as proposed by the BfR, was agreed during the meeting by
EFSA. However, this document will not be prepared at this current stage, as the conclusions of the
assessment will be reviewed in parallel with the finalisation of the EFSA scientific opinion on The risks

to human health related to the presence in food of perfluoroalkylated substances other than PFOS
and PFOA (EFSA-Q-2017-00549), and with the possible application of the forthcoming Scientific
Committee guidance on combined exposure to multiple chemicals.
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Annex C: RIVM Post-meeting written response to EFSA clarifications (section
9.4)

The EFSA experts have not evaluated nor agreed to these post-meeting comments received from
RIVM.
RIVM studied the clarifications by EFSA after the meeting. In general, RIVM is of the opinion that the
responses by EFSA do not address or do not fully address the issues raised by RIVM.
Considering point 1. In RIVM’s view it remains unclear how SDs are calculated from the data available
in the underlying studies. In the specific case of Steenland, the data in the study represent a (small)
fraction of the survey population. RIVM cannot accept the assumption that the number of individuals
in the survey equals the number of the subpopulation of which data is analysed.
Despite EFSA’s response RIVM is of the opinion that the study population subgroup in the Steenland
et al. (2009) study cannot serve as a proxy for the risk of the entire population. This is because
although the shape of the dose-response curve is independent of the subgroup chosen, however the
fraction of the subgroup at risk is not. Subpopulations with curves below (or above) the presented
curve may experience a lower (or higher) risk of exceeding some clinical cholesterol level (e.g. 240
mg/dL), hereby altering the (overall) population’s risk. Hence, it can be questioned if the increase of
5% in cholesterol in the Steenland subpopulation truly relates to the increase in 5% cardiovascular
disease in the entire population, as mentioned in the opinion.
Point 2a. The choice of the value (of 5%) used as BMR is not questioned here. The concern of RIVM
is that the dose-response for the effect by PFOA on TC as reported in Steenland et al. is a curve that
levels off only 5% above the lowest decile (TC around 210 mg/dL versus around 200 mg/dL).
However, it is known that the maximum response is a property of the endpoint (Slob and Setzer,
2014) and it tends to be much larger than 5% (Slob, 2017). For cholesterol, the response was
estimated to level off at around 150% (in rodents) by Slob (2017). Compared to that estimate, a
change of 5% is a minimal change and it can be questioned if this can be considered a correct
maximum response in a dose-response relationship for cholesterol and thus usable for derivation of a
PoD.
Point 2b. RIVM supports the remark that future research should focus on mixture effects and relative
potencies of PFASs, including the consideration of a group HBGV for some of the PFASs. However
concerning the current risk assessment RIVM notes that also other studies (next to Steenland) suffer
from an exposure to multiple substances (PFAS and other substances), and that no correction was
applied to correct for this combined exposure.
Point 3a. RIVM acknowledges that extra effort is required to successful analysis of epidemiological
data, which should result in guidance. However, the basic principles of BMD analysis apply also to
epidemiological data, e.g. the definition of the BMR, transformation of (response) data, parameter
constraints, model fitting procedure, methods to compare models, model averaging or otherwise
deriving the BMD confidence interval, and reporting results. All these principles are included in the
EFSA guidance on the BMD approach. Despite EFSA’s response RIVM cannot support the BMD
analyses applied as it deviates from this BMD guidance without a clear and scientifically sound
explanation of the alternative approach followed.
Point 3b. RIVM acknowledges the fact that it may be difficult to derive information about the
background (at dose zero) response. However, RIVM is of the opinion that redefining the BMR in
terms of a change compared to the lowest quantile is not the appropriate method to solve this issue.
When it turns out that the available data do not allow the derivation of the background response, it
can be questioned whether the available data are sufficiently informative to derive a PoD.
Point 3c. is a direct consequence of point 3b. The available software cannot solve the lack of
information addressed in point 3b. With regards to software selected by EFSA, more information on
the specification, assumptions and settings of the used software would be helpful for the
transparency of the opinion, including the possibilities to repeat the performed BMD analysis.
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Scaling the exposure of the lowest quantile to a zero exposure as proposed in the EFSA reaction is in
RIVM’s view scientifically incorrect. Firstly, this implies that the response at the first quantile is equal
to the background response (see issue under point 3b). Secondly, scaling by subtracting (exposure) is
in RIVM’s view incorrect. E.g. scaling from 10 to 5 dose units is not equivalent to scaling from 100 to
95, but rather from 100 to 50 dose units. Scaling (exposures and responses) is only justified by
division. As a consequence, scaling from the first quantile to zero would imply dividing by infinitive,
hampering scaling of subsequent quantiles.
Point 3d. As already stated under point 3a, it is still not clear why and how the alternative methods to
compare models are used. What are the advantages compared to the AIC and which criteria were
used, e.g. how much should the r2s of two models differ to prefer one of the models above the other?
EFSA’s assumptions about the purpose of the NULL and the FULL models in the EFSA BMD guidance
are not complete. We agree with EFSA that these models are applied (in PROAST, but also in BMDS)
because they are required in the procedure to derive a BMD confidence interval. However, the NULL
and the FULL models also provide fundamental insight of the dose-response relationship and the
quality of the available data, regardless whether epidemiological, animal or any other type of data is
considered. The NULL model is needed to determine whether there is a dose-response relationship or
not, and the FULL model should be applied to test for non-random errors in the data, or in specific
cases, for misspecification of the distributional part of the model. See BMD guidance sections 2.5.5
and 2.5.7. for more details.
Point 3e. In their response to point 3d EFSA confirms that various models may describe the data. In
accordance with the EFSA BMD guidance (section 2.5.3) RIVM prefers to derive a BMD confidence
interval (including the BMDU) based on multiple models, instead of selection of the BMD confidence
interval of a single (‘best’) model.
As the purpose of a BMD analysis is not to find the best estimate of the (true) BMD but rather to find
all plausible values of the (true) BMD, given the data available, not only the best-fitting model but
also the models resulting in a slightly poorer fit need to be taken into account. After all, it could well
be that the second (or third, . . .) best-fitting model is closer to the true dose–response than the
best-fitting model. This type of uncertainty is called ‘model uncertainty’, and implies that the BMD
confidence interval needs to be based on the results from various models, instead of just a single
(‘best’) model (EFSA BMD guidance section 2.5.3).
Assuming that the CONTAM panel has the results of all models readily available, it is advised to
present the BMD confidence interval based on multiple models in the opinion.
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