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PFAS in food: BfR confirms critical exposure to industrial chemicals

BfR Opinion No 020/2021 issued 28 June, 2021

Per- and polyfluoroalkyl substances (PFAS) are industrial chemicals. Due to their water,
grease and dirt repellent properties, they are widely used in industrial processes and are
used in numerous consumer products such as paper, textiles, non-stick coated pans and
cosmetics. PFAS are difficult to break down and can be found in the environment, in the food
chain and in human blood.

The European Food Safety Authority (EFSA) reassessed the health risks posed by PFAS in
food in September 2020. In this report, EFSA determined a tolerable weekly intake (TWI) of
4.4 nanograms (ng) per kilogram (kg) of bodyweight per week. This TWI applies for the first
time to the sum of four PFAS: Perfluorooctanesulfonic acid (PFOS), perfluorooctanoic acid
(PFOA), perfluorononanoic acid (PFNA) and perfluorohexanesulfonic acid (PFHxS). It is
based on epidemiological studies in which correlations between the PFAS concentrations in
the blood and a reduced concentration of vaccine antibodies were observed in children.

The German Federal Institute for Risk Assessment (BfR) has examined the derivation of EF-
SA's health-based guidance value and recommends using this TWI in future assessments. In
the present opinion, the BfR assesses the health risk for various population groups in Ger-
many based on the new TWI from EFSA and the concentration data from the federal states'
food control. The results of the external exposure are supplemented by studies on internal
exposure in three German cities on the PFAS concentration in the blood. The result: Just as
EFSA, the BfR comes to the conclusion that the exposure of some population groups par-
tially exceeds the TWI.

The overall view of the results of the external and internal exposure assessments shows that
parts of the population in Germany are exposed to PFOS, PFOA, PFNA and PFHXS to an
extent that may be associated with a lower concentration of vaccine antibodies in the blood
serum of infants during their first years of life, if they have been breastfed for a long time.
This is also possible in children between 1 and 9 years of age with a high PFAS exposure
through their diet.

At present, the study data are not sufficiently conclusive to answer the question of whether,
at a corresponding level of exposure, there can also be effects on the concentration of vac-
cine antibodies in the blood serum in adults and adolescents.

At the same time, the BfR emphasizes the uncertainties that still exist in the external expo-
sure assessment. Since the concentrations in the majority of the samples from food control
were below the detection and quantification limits, it is recommended to develop more sensi-
tive methods for determining the concentration of PFAS. The BfR also sees a need for re-
search into the question of whether high PFAS concentrations in the blood are actually asso-
ciated with an increased risk of infection.

Consumers can hardly influence their exposure to PFAS. The BfR recommends measures to
further minimise the intake of PFAS with food. The compiled questions and answers on the
subject of PFAS are currently being updated on the basis of the present opinion.
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BfR risk profile:
B-FR PFAS in food: reduced formation of antibodies after vaccinations

(Opinion number 020/2021)

General population

Affected are [1] Children

Probability of
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Fields with a dark blue background indicate the properties of the risk assessed in this opinion
(for more details, see the text of Opinion no. 020/2021 from the BfR dated June 28, 2021).

Explanations

The risk profile is intended to visualise the risk outlined in the BfR Opinion. The profile is not intended to be used to compare risks. The risk profile
should only be read in conjunction with the corresponding Opinion.

[1] Line A—The general population, especially children, are affected
There is currently insufficient data to answer the question of whether, at a corresponding level of exposure, there can also be effects on the level of
vaccine antibody titres in adults and adolescents.

[1] Line B — Probability of a health impairment if the TWI is exceeded
So far, the epidemiological data are insufficient to assess whether children with high exposure to the four PFAS mentioned actually have a gener-
ally increased risk of infection.

[1] Line D — Significance of the available data

There are currently uncertainties in the external exposure assessment; the internal exposure assessment is not based on representative data
surveys for the total population in Germany. There is a need for research into the question of whether the affected population groups are actually
at an increased risk of infection.

GERMAN FEDERAL INSTITUTE FOR RISK ASSESSMENT (BfR)
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1 Subject of the assessment

The Federal Institute for Risk Assessment (BfR) has developed an opinion on the health as-
sessment of the presence of the per- and polyfluoroalkyl substances (PFAS) perfluorooc-
tanesulfonic acid (PFOS), perfluorooctanoic acid (PFOA), perfluorononanoic acid (PFNA)
and perfluorohexanesulfonic acid (PFHxS) in food.

PFAS are industrial chemicals that are very persistent in the environment and are detectable
worldwide in water, soils, plants and animals. They can also be entered into the food chain.

The reason for the opinion is the publication of the opinion of the European Food Safety Au-
thority (EFSA) on health risks related to the presence of PFAS in food. In this report, a tolera-
ble weekly intake (TWI) of 4.4 nanograms per kilogram (ng/kg) of bodyweight (BW) per week
was derived for the sum of the four long-chain compounds PFOS, PFOA, PFNA and PFHxS
(EFSA 2020a). The feedback received from scientific organisations, citizens, industry and
competent authorities in the Member States during a two-month consultation phase between
February and April 2020 was published together with EFSA's opinion (EFSA 2020b). The
BfR also participated in the commentary.

In its current report, EFSA has derived a sum TWI for several PFAS for the first time. Previ-
ous opinions referred exclusively to separate tolerable intake levels for PFOS and PFOA
(EFSA 2008, 2018a). EFSA has reassessed these substances, taking into account current
scientific knowledge and based on its current methodology for the assessment of combined
exposure to multiple chemicals (EFSA 2019). Compared to the TWI values previously de-
rived for PFOS and PFOA, the currently derived sum TWI means a reduction in the tolerable
intake levels for PFOS and PFOA.

2 Results

The BfR has checked the derivation of the TWI of 4.4 ng/kg bodyweight per week for the sum
of the four long-chain compounds PFOS, PFOA, PFNA and PFHxS by EFSA (2020a) and
recommends using this TWI for future assessments of the concentrations of the four PFAS in
food. This BfR opinion is also based on the current EFSA TWI (2020a).

The TWI1 is based on the results of epidemiological studies in which statistical correlations
between the concentrations of certain PFAS in the blood serum (internal exposure) and re-
duced concentrations of vaccine antibodies (antibody titres) after standard vaccinations*?
were observed in children. Using benchmark dose maodelling, a critical internal exposure
level of 17.5 micrograms per litre (ug/L) in blood serum was calculated for the sum of the four
PFAS as a critical reference point for the internal exposure of the infant age group. With
blood serum concentrations below this value, there is a high probability that children will not
have a 10% or more decrease in antibody titres after vaccinations that are caused by expo-
sure to PFOS, PFOA, PFNA and PFHXS. Also for older children, who are presumably less
sensitive, this value of the sum of the four PFAS of 17.5 pg/L can, from the BfR's point of
view, be used as a reference point for the assessment of internal exposure in the sense of a
conservative approach. The immunological study data available to date for adults and ado-
lescents are not sufficiently conclusive to answer the question of whether this value is also
suitable for assessing internal exposure for these age groups.

! Standard vaccinations according to the recommendations of the Standing Committee on Vaccination
(STIKO) at the Robert Koch Institute
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A reduced concentration of vaccine antibodies in the blood serum is generally considered un-
desirable, even if this does not necessarily lead to reduced vaccination protection on account
of the existing safety margins for vaccinations if the vaccination recommendations of the
Standing Committee on Vaccination at the Robert Koch Institute are observed. The current
epidemiological data does not yet allow a conclusion to be drawn as to whether the influence
of PFOS, PFOA, PFNA and PFHXS on the immune system can lead to a higher incidence of
infections.

PFOS, PFOA, PFNA and PFHxS are excreted extremely slowly in humans after being ab-
sorbed into the body, which leads to accumulation in the human body. In breastfeeding moth-
ers, the four mentioned PFAS pass into the breast milk and can thus be ingested by infants.
Children? who have been breastfed for a long time achieve the maximum internal exposure
of their life to PFOS, PFOA, PFNA and PFHxS through their breast milk at the end of the
breastfeeding period, assuming that the exposure of the population (and thus of mothers) to
the four PFASs remains constant over time. This was taken into account when deriving the
TWI. For this purpose, the maternal internal exposure level was used as the basis for deriv-
ing the TWI (6.9 ug/L in the blood serum for the sum of the four PFAS), which enables the
mother to breastfeed for one year without her child exceeding the critical exposure level
(17.5 pg/L in the blood serum for the sum of the four PFAS). However, if the internal expo-
sure level of 6.9 pg/L is exceeded (slightly) in adults, this does not mean that the PFAS expo-
sure is critical with regard to the health of the adult person. Which internal exposure level is
to be regarded as critical in adults cannot be derived from the immunological study data cur-
rently available.

Results on internal exposure in Germany and risk characterisation

Due to their long half-lives, the PFAS concentrations in blood serum or plasma are a good
measure of the total exposure in the body (“body burden”). They do not only reflect the indi-
vidual internal exposure, but also provide a picture of the current exposure in the population
when a representative number of samples are examined. However, the available data on in-
ternal exposure are not based on representative data surveys for the total population in Ger-
many and must therefore be interpreted with caution.

In current studies on the internal exposure of the adult population in three cities in Germany,
the median levels for the sum of the four PFAS in blood serum were 5.8 pug/L (Gockener et
al., 2020), 4.1 pg/L (Fromme et al., 2017) and 7.1 pg/L (Menzel et al., 2021). In these stud-
ies, the blood serum concentrations in 2 to 36 % of women of childbearing age were above
the value of 6.9 pg/L on which the TWI was based. From these data (rough assumption:

25 % of women are above the blood serum concentration of 6.9 pg/L), using current data on
breastfeeding behaviour, it can be roughly estimated that at present around 10 % of infants
in Germany at the age of one year may exceed the critical exposure level of 17.5 pg/L for the
four PFAS.

The data from current studies on internal exposure in children indicate that the blood concen-
trations of the individual compounds PFOS, PFOA, PFNA and PFHXS in the 95™ percentile

2 In the first 6 months of life, infants should be breastfed, at least until the beginning of the 5™ month
exclusively. Even after the introduction of complementary foods - no later than the beginning of the
7" month - infants should continue to be breastfed. The total duration of breastfeeding is determined
by mother and child. https://www.gesund-ins-leben.de/fuer-fachkreise/bestens-unterstuetzt-durchs-1-
lebensjahr/handlungsempfehlungen/stillen/stilldauer/

Page 4 of 71



7 BfR
German Federal Institute for Risk Assessment v _)(‘

www.bfr.bund.de

are below the sum proportions of these compounds of the critical internal exposure level of
17.5 pg/L3. Only individual published maximum values of the blood concentrations of the indi-
vidual compounds of the children examined are well above these total proportions of the ex-
posure level of 17.5 ug/L (Duffek et al., 2020).

Results on external exposure in Germany and risk characterisation

The basis for estimating the long-term external exposure for the sum of these four PFAS in
the present opinion is data on concentrations in food (excluding drinking water) from the na-
tional food monitoring programs of the federal states for the years 2007 to 2020.

Overall, the estimation of external PFAS exposure is associated with great uncertainties.
This is largely due to the fact that the levels in most food groups are to a high percentage be-
low the detection and quantification limits of the analytical methods currently used. This re-
sults in large differences between lower bound (LB) and upper bound (UB) estimates* of ex-
posure. The BfR shares the view of EFSA (2020a) that, based on the data available here, the
exposure assessment in the LB represents a more realistic estimate of the external exposure
via food compared to the UB. The following risk characterisation therefore relates to the re-
sults of the exposure assessments in the LB. Overall, the present estimate of external expo-
sure can only be viewed as an approximate description of the real exposure situation for the
general population in Germany due to the great uncertainties.

In particular, statements on the contributions of individual food groups to the total exposure
via food are subject to considerable uncertainty.

As a result, the BfR's current exposure assessment for consumers in Germany confirms the
conclusions of earlier opinions by the BfR and EFSA that the main food groups “fish and fish
products” and “meat and meat products” contribute significantly to the exposure to PFOS,
PFOA, PFNA and PFHxS. Other animal products that have a smaller share of the total expo-
sure are “eggs and egg products” and “milk and milk products”. The role of plant-based foods
in the overall exposure to the four PFAS can hardly be assessed on the basis of the available
data, since the PFAS levels in the vast majority of the plant-based foods examined are below
the detection and quantification limits of the currently used analytical methods. The BfR
points out that drinking water can also be relevant for exposure, but was not considered in
the present opinion.

As a result of the external exposure assessment, the current data show that the long-term
exposure of adults in Germany to PFOS, PFOA, PFNA and PFHxS through the consumption
of food other than drinking water at mean concentrations is around twice (mean) to five times
(95" percentile) the level of the tolerable weekly intake determined by the EFSA, and for ado-
lescents two to three times (mean) and five to seven times (95" percentile). The median ex-
posure level of adults is in the range of the TWI. This means that the long-term exposure to
PFOS, PFOA, PFNA and PFHXxS is above the TWI for around 50 % of the participants in the
consumption study on which this exposure assessment is based. The median exposure of

3 Sum proportions of PFOS, PFOA, PFNA and PFHXA in the blood serum concentration of 17.5 ug/L:
7.7 pg/L for PFOS, 8.5 pg/L for PFOA, 0.3 pg/L for PFNA and 1.1 pg/L for PFHXS (EFSA 2020a)

4 UB, LB: methodical approaches for dealing with analytical results below the detection and quantifica-
tion limits (see 3.1.3.1.1 and 3.1.3.5). The results of the exposure assessments in the LB and UB
represent the upper and lower limits of the range in which, given representative and complete data,
the real level of exposure can be expected.
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adolescents, with mean concentrations of the sum of the four PFAS in food, also corre-
sponds to the level of the TWI or twice the level of the TWI, depending on the consumption
study taken into account. The estimate of the external exposure of younger children (1 to 9
years) to the sum of the four PFAS corresponds to two to three times the level of exposure of
adults, partly due to the higher consumption in relation to bodyweight. The exposure of this
age group at mean concentrations of PFOS, PFOA, PFNA and PFHXS in food corresponds
to about three times (median) to eleven times (95" percentile) the level of the TWI.

Health assessment and conclusion

In addition to data from external exposure assessments, the BfR also uses currently pub-
lished data on internal exposure in Germany for risk characterisation.

For children aged 1 to 9 years, the calculated exceedance of the TWI of up to eleven times at
high exposure (95™ percentile) due to external exposure via foods with mean concentrations
of PFOS, PFOA, PFNA and PFHXA is not compatible with the results on internal exposure.
The results of studies on the internal exposure of this age group indicate that only individual
published maximum values for the blood concentrations of the children examined are well
above the critical reference point.

» Inits overall assessment of the external and internal exposure of children in this age
group at high exposure (95" percentile), the BfR therefore shares EFSA's view that
there is a possibility that the exposure of some children is at a level associated with
decreased concentrations of antibodies in the blood serum following standard vac-
cinations.

Overall, the data of the external exposure assessment of adults are compatible with the pic-
ture that emerges from the results of current studies on internal exposure to the four PFAS in
the blood serum of the adult population in Germany, although the internal exposure is appar-
ently somewhat lower than what could have been expected from the data from external ex-
posure.

» The overall view of the results of the external and internal exposure assessments for
adults and adolescents shows that the exposure to PFOS, PFOA, PFNA and PFHxS
in parts of the general population in Germany is at a level that can be associated with
a reduced concentration of antibodies in the blood serum after standard vaccinations
during the first years of life in infants, who have been breastfed for a long time.

» The BfR shares EFSA's view that this should be viewed as toxicologically adverse at
the population level, not only with regard to vaccination protection, but also with re-
gard to the general immunological defence against other pathogens.

» So far, the epidemiological data is insufficient to assess whether these children with
high exposure to the four PFAS mentioned actually have a generally increased risk of
infection.

» At the moment there is also insufficient data on the question of whether, at a corre-
sponding level of exposure, there can also be effects on the level of vaccine antibody
titres in adults and adolescents.

» Possible risks from a reduced formation of vaccine antibodies in children who have
been breastfed for a long time are countered by the numerous and well-studied ad-
vantages of long breastfeeding for both child and mother. The National Breastfeeding
Commission at the Max Rubner Institute (MRI) has dealt with the risk-benefit assess-
ment and, given the current data, sees no reason to deviate from the existing breast-
feeding recommendation. Also worldwide, with knowledge of the findings on PFAS
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available to date, no scientific committee has recommended restricting breastfeeding
(MRI 2021).

Consumers can hardly influence their exposure to PFAS as a ubiquitous environmental con-
taminant. The results of the present opinion show that the intake of PFAS with food should
be reduced. In principle, it is recommended to include drinking water as a source of expo-
sure. From the results of the risk characterisation and the uncertainties both in the exposure
assessment and in the toxicological assessment, the BfR derives recommendations with re-
gard to the necessary collection of data and the need for research in order to reduce the un-
certainties.

3 Rationale

3.1 Risk assessment

3.1.1 Hazard identification

Perfluorinated and polyfluorinated alkyl substances (PFAS) are compounds that have been
produced industrially since the 1950s and do not occur naturally. Chemically, these are organic
compounds in which the hydrogen atoms bonded to the carbon are completely (perfluorinated)
or partially (polyfluorinated) replaced by fluorine atoms. The different PFAS differ in the length
of their carbon chains and the functional groups present in the molecule, e.g. a carboxy group
in the perfluoroalkylcarboxylic acids (PFCA), a sulfonate group in the perfluoroalkylsulfonic
acids (PFSA), a hydroxyl group in the fluorotelomer alcohols (FTOH), a phosphate group in
the perfluoroalkylphosphoric acid esters (PAP) or a sulfonamide group in the perfluoroalkyl-
sulfonamides (FASA). In addition, a distinction is made between compounds with a branched
and unbranched carbon chain, polymeric and non-polymeric compounds; in addition, there is
a large number of derivatives in which the perfluorinated carbon chain is interrupted, for exam-
ple by ether bridges®.

With regard to the length of the fluorinated carbon chains, a distinction is made between short-
chain and long-chain PFAS. Short-chain PFAS are cleared from mammalian organisms, in-
cluding humans, more quickly than those with longer carbon chains. In PFCA, compounds with
shorter carbon chains than perfluorooctanoic acid (PFOA, 8 carbon atoms) are called “short-
chain”. The short-chain PFCAs include, for example, perfluorobutanoic acid (PFBA, 4 carbon
atoms), perfluoropentanoic acid (PFPeA, 5 carbon atoms), perfluorohexanoic acid (PFHxA, 6
carbon atoms) and perfluoroheptanoic acid (PFHpA, 7 carbon atoms). PFOA, perfluoronona-
noic acid (PFNA, 9 carbon atoms) and compounds with longer carbon chains are referred to
as long-chain PFCA. In PFSA, compounds with shorter carbon chains than perfluorohex-
anesulfonic acid (PFHxS, 6 carbon atoms) are referred to as “short-chain”. The short-chain
PFSA includes, for example, perfluorobutanesulfonic acid (PFBS, 4 carbon atoms). PFHXS,
perfluorooctanesulfonic acid (PFOS, 8 carbon atoms) and PFSA with longer carbon chains are
called long-chain PFSA (Buck et al., 2011).

The many different compounds from the groups of PFCA, PFSA, FTOH, PAP, FASA, etc.
serve as monomers (structural units) for the synthesis of a large number of different oligomers
and polymers (molecules made up of several, repeating structural units), so that the PFAS

5 https://www.oecd.org/chemicalsafety/portal-perfluorinated-chemicals/
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substance group now comprises more than 4,700 different compounds (OECD 2018). PFAS
are used in numerous industrial processes and technical applications and in numerous con-
sumer products with water-, grease- and dirt-repellent surface treatments such as paper, tex-
tiles including upholstered furniture and carpets, non-stick coated cookware as well as in elec-
tronic devices, cosmetics or ski waxes. In addition, PFAS are used for the surface treatment
of metals and plastics, in cleaning agents and pesticides, in the vehicle and construction in-
dustry, in the energy sector, in paints and fire-fighting foams and in a large number of other
areas (Gluge et al., 2020).

Monomeric PFAS may be contained in the various consumer products as residues from the
manufacturing process and can be released from them. Due to the strong chemical bond be-
tween carbon and fluorine atoms, PFAS are chemically and physically very stable. Therefore,
they are hardly broken down by natural degradation mechanisms such as solar radiation, by
microorganisms and other processes. In the environment, there is only partial degradation of
PFAS, with the compounds from the PFCA and PFSA groups being regarded as terminal deg-
radation products that cannot be further degraded in the environment. As a result, these PFAS
are very long-lasting in the environment. Some of these PFAS can be transported to remote
areas by the environment. PFAS can be detected worldwide in water, soils, plants and animals,
and can therefore enter the food chain.

Analytical methods for a number of monomeric PFAS are available for quantifying the content
of PFAS in food. In its current opinion, EFSA was able to use data on the levels of 28 different
PFAS in food (EFSA 2020a). For 11 of these compounds, all analytical results were below the
respective quantification limit; therefore, no exposure assessment has been carried out for
these substances. An exposure assessment was carried out for 17 compounds for which the
levels in various foods could be quantified. A health assessment was carried out for the sum
of the following four PFAS: PFOS, PFOA, PFNA and PFHXS. These four long-chain PFAS
have comparably long half-lives. In total, these four PFAS represent around 90 % of the PFAS
levels currently detected in human blood samples (see 3.1.2.2).

Perfluorooctanesulfonic acid (PFOS; CAS No. 1763-23-1) is the lead substance for the PFSA
group, because it can be detected most frequently in the environmental samples examined so
far and is also toxicologically well characterised. PFOS arises from a large number of related
compounds (e.g. perfluorooctanesulfonamide; FOSA) and can be released from certain poly-
mers that are based on polyfluorinated compounds with eight carbon atoms (“C8-based”). The
term PFOS generally refers to the acid and the salts derived from it. PFOS is readily soluble
in water, but also has lipophilic (fat-soluble) properties. PFOS has been used in certain fire
extinguishing foams in the past. In addition, PFOS-related compounds were reportedly used
as i.a. raw material for preparatory formulations within polymeric surface treatment to impart
water and dirt repellent properties to fabrics, upholstery and carpets (Benskin et al., 2010).
Papers, cartons and board for packaging (including those for food contact) were also coated
with dirt, grease and water-repellent coatings.

Perfluorooctanoic acid (PFOA; CAS No. 335-67-1) is considered the lead substance of the
PFCA group; it has been very well investigated in toxicological terms and is often found in
environmental samples. Similar to PFOS, the term PFOA is used for both the actual acid and
its salts. Most of the toxicological studies were performed with the ammonium salt APFO (am-
monium perfluorooctanoate -, CAS No. 3825-26-1). PFOA is more water-soluble than PFOS
and is mainly used as a processing aid (emulsifier) for the production of fluoropolymers such
as e.g. polytetrafluoroethylene (PTFE), which is used i.a. for the non-stick coating of food con-
tact materials (e.g. frying pans) and for membranes in breathable clothing (ECHA 2018). In
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these coatings and in side-chain fluorinated polymers® (e.g. fluorocarbon resins), trace levels
of PFOA can occur as a manufacturing-related residue, unintentional by-product or impurity.
Side-chain fluorinated polymers are also used to make textiles and leather repellent to water,
oil and dirt, e.g. in sports and outdoor clothing, home textiles, upholstered furniture, carpets
and protective clothing. In addition, side-chain fluorinated polymers can be used for the surface
treatment of paper, cardboard and cardboard for packaging. Impregnating agents can also
contain such polymers. Side-chain fluorinated polymers can release FTOH during the use and
waste phase, which in turn oxidizes to PFCA (Holmquist et al., 2016).

There are also a number of technical uses of PFOA and its precursors (e.g. in fire-fighting
foams). PFOA is used to a lesser extent in the photographic sector and as a surfactant in the
semiconductor industry.

PFOA can also arise from non-polymeric precursors such as fluorotelomer phosphates, acry-
lates and iodides.

Perfluorononanoic acid (PFNA; CAS No. 375-95-1), like PFOA, is one of the long-chain PFCA.
The pure substance is readily soluble in water. PFNA is mostly used as an ammonium or
sodium salt. The substance is used as a surfactant in the production of the polymer polyvinyl-
idene fluoride (PVDF) (Prevedouros et al., 2006). In addition, PFENA is created as a by-product
in the synthesis of PFOA and short-chain PFCA such as PFHxA and can therefore also be
contained in all consumer products for the manufacture of which these PFCA are used. This
includes impregnation of textiles, carpets and upholstered furniture as well as surface coatings
of paper, cardboard and metals. Besides PFOA, PFNA can also arise as a main breakdown
product of the fluorotelomer alcohol 8:2-FTOH.

Perfluorohexanesulfonic acid (PFHxS; CAS No. 355-46-4), like PFOS, is one of the long-
chain PFSA. The pure substance is only poorly soluble in water. The substance is primarily
used in the form of its potassium or ammonium salt, whereby the abbreviation PFHXS is
used both for the free acid and for its salts. PFHxS was used in the past as an alternative to
PFOS and was used in the manufacture of impregnations for textiles, carpets, upholstered
furniture and leather goods, as well as surface coatings, chrome plating processes and fire-
fighting foams (Norwegian Environment Agency 2018).

Legal framework

The brief summary of the legal framework conditions here represents the status of April 2021.
For current changes and for further information, please refer to the website of the Federal
Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU)’.

The use and placing on the market of PFOS, its salts and derivatives including the polymers
that can be degraded to PFOS in the environment, was severely restricted in 2006 in the then
European Community with Directive 2006/122/EC and limited to a few special applications.
This chemical restriction was subsequently included in Annex XVII of the REACH Regulation
(EC) No. 1907/2006. In 2011, the entry on PFOS was removed from Annex XVII of the REACH

6 Side-chain fluorinated polymers: Non-fluorinated polymer backbone with fluorinated side-chains
(Buck et al., 2011)
7 https://www.bmu.de/fags/per-und-polyfluorierte-chemikalien-pfas/
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regulation, as the restrictions on PFOS were included in regulation (EC) No. 850/2004 on per-
sistent organic pollutants (POP regulation). Worldwide, PFOS comes under the Stockholm
Convention, which severely restricts its use.

The use of PFOA is severely restricted across Europe, as PFOA was included in the new
version of the POP Regulation (EU) 2019/1021 by Regulation (EU) 2020/784. For PFOA, its
salts and PFOA-related compounds, low concentration limit values have been in effect since
July 4, 2020, provided that they are contained as unintentional trace contamination in products
such as food packaging.

PFHxS: Its salts and related compounds were identified as “substances of very high concern”
(SVHC) in June 2017 due to their properties (classification as “very persistent and very
bioaccumulative”, vPvB) in accordance with REACH regulation (EC) No. 1907/2006 and a
restriction procedure was subsequently initiated. Following the submission of a restriction
proposal by the Norwegian Environment Agency in June 2019, the Committee for Risk
Assessment (RAC) at the European Chemicals Agency (ECHA), together with the ECHA
Socio-Economic Analysis Committee (SEAC), prepared a background paper (March 2020) that
could be commented until the end of May 2020. The current status of the restriction procedure
for PFHxXS can be found on the ECHA website: https://echa.europa.eu/de/registry-of-
restriction-intentions/-/dislist/details/0b0236e1827{87da.

PFNA was classified as “substance of very high concern” (SVHC) together with PFDA,
PFUNDA, PFDoDA, PFTrDA and PFTeDA, the respective salts and related compounds due to
their toxicokinetic and toxicological properties (classification as “persistent, bioaccumulative
and toxic” (PBT) and “very persistent and very bioaccumulative” (vPvB)) . Under the leadership
of Germany and Sweden, a joint restriction process was initiated for these long-chain PFCAs
(C9 - C14 PFCA) in 2017. In the meantime, the Committee for Risk Assessment (RAC),
together with the Committee for Socio-economic Analysis (SEAC) of ECHA, has drawn up a
background paper, which has been available in its final form since November 2018 following
the commenting. The current status of the restriction procedure for the C9 - C14 PFCA can be
found on the ECHA website: https://echa.europa.eu/de/registry-of-restriction-intentions/-
[dislist/details/0b0236e18195edb3

At the European level, activities began in May 2020 to restrict the entire PFAS group. All uses
of these substances that are not considered “indispensable for society as a whole” are to be
banned in future. The BfR is involved in these activities with a view to assessing properties of
these substances that are harmful to human health and their use in consumer products.

3.1.2 Hazard characterisation

The basis for the following chapters on hazard characterisation is essentially the current
EFSA opinion (2020a) or the scientific data situation evaluated there. Additional interpreta-
tions of the data from the BfR's point of view are identified as such. The literature search for
the EFSA opinion (2020a) included the literature published up to August 2019. In the present
opinion, selected currently available literature has been supplemented in individual chapters
(e.0. see 3.1.4,3.1.2.1, Table 1, 3.1.2.4.1). Although the exposure assessment and risk char-
acterisation of the BfR exclusively refers to the four long-chain compounds PFOS, PFOA,
PFNA and PFHXS, which are also taken into account in the sum TWI of the EFSA (2020a),
this chapter includes an overview of the data situation of other PFAS based on the data com-
piled by EFSA (2020a) in order to enable a more comprehensive overview.
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3.1.2.1 Toxicokinetics

After ingestion, PFAS are almost completely absorbed from the gastrointestinal tract into the
blood. There the substances bind non-specifically to serum proteins and are distributed to all
organs with the blood. The highest PFAS concentrations are found in organs such as the
liver and kidneys that are well supplied with blood. They are not primarily found in adipose
tissue like other persistent organic contaminants with high fat solubility (EFSA 2020a). PFAS
are hardly metabolised in the mammalian organism. The so-called precursor compounds
from the subgroups of FTOH, PAP or FASA are oxidised at most up to the homologous com-
pounds from the subgroups of PFCA or PFSA, which are then not further metabolised. For
example, 8:2 FTOH is metabolised to i.a. PFOA and PFNA in animal experiments and in hu-
man hepatocytes in vitro and could thus contribute to the blood serum concentrations of
these compounds (EFSA 2020a).

PFAS are released from the liver into the bile and then largely reabsorbed via enterohepatic
circulation. Renal reabsorption plays an important role in excretion via the kidneys, which is
almost complete (99.95 %) in humans, for example in the case of PFOA (Han et al., 2012).
Compared to experimental animal species investigated so far (with the exception of pigs),
long-chain PFAS are therefore only excreted extremely slowly in humans, which leads to
long half-lives® in the human body. PFSA and many PFCA are excreted primarily in urine and
to a lesser extent in faeces. PFNA and PFCA with longer carbon chains than PFNA are
mainly excreted in faeces (EFSA 2020a).

The half-lives for the elimination of PFAS depend on the substance and the species and, in
some species, also depend on the sex and age (Li et al., 2018, Vanden Heuvel et al., 1991,
Zhang et al., 2013a). For all investigated species, the short-chain PFAS are excreted better
than the long-chain compounds. While the half-lives for the long-chain substances in many
species are in the range from a few hours to weeks, in humans they are 2.7 to 8.5 years for
PFOA, 3.1t0 5.4 years for PFOS, 1.7 to 3.2 years for PFNA and for PFHXS 4.7 to 8.5 years
(Li et al., 2018, Olsen et al., 2007, Zhang et al., 2013b). The slow excretion of long-chain
PFAS in humans is a critical point for the toxicological assessment of the substances.

8 The half-life (t1/2) for the elimination of substances is defined as the time in which the concentration
of the substances falls by half (Nau et al., 2003).
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Table 1: Half-lives? of PFAS in blood serum or plasma in various species, according to EFSA (2020a) with supplements

Perfluoroalkyl sulfonic acids Perfluoroalkyl carboxylic acids
Species
PFBS PFHxS PFOS PFBA PFHXA PFHpA PFOA PFNA PFDA PFUNDA
0.8-— 18 - 26— 6.4 —
7.4h 1.8h 1.2h 3.6h . .d.
Rat 23d 71d 2.7h 32d 74.6d nd
24.8 — 30— 2.9- _ b b 25.8° -
Mouse n.d. 26.8 d 384 31h 1.2h n.d. 17d 68.45 d n.d. n.d.
Monkey® 8.1h- 87d 110 d 41h 2.4~ n.d 3264 n.d n.d n.d
35 gb 19.2 hb .d. . .d. .d. .d.
Pigd 43d 2a 1.7a n.d. 4.1d 74 d 236 d n.d. n.d. n.d.
H 2774 47— 3.1- 254 39,0 de 0.17 - 2.7 - 1.79- 4.09 - 4.09 -
uman ' 85a 54a : ' 1.09a 85a 3.2%a 71% 7.49a

PFBS, perfluorobutanesulfonic acid; PFHxS perfluorohexanesulfonic acid, PFBA, perfluorobutanoic acid, PFHxA, perfluorohexanoic acid; PFOS, perfluorooctanesul-
fonic acid; PFHpA, perfluoroheptanoic acid; PFOA, perfluorooctanoic acid; PFNA, perfluorononanoic acid; PFDA, perfluorodecanoic acid; PFUnDA, perfluorundeca-
noic acid

h: hours (italics), d: days, a: years (bold)

n.d.: no data

aHalf-lives in blood serum or plasma of female dose groups (animal studies) or study participants are listed if different half-lives are described for the sexes. As a rule,
half-lives after oral administration of the PFAS are listed in animal studies.

bLau (2015)

¢Results after i.v. application, as no data are available after oral ingestion

dNumata et al., (2014)

eGeometric mean,; Significantly shorter half-life of 5.1 d described for the a and B phase of elimination (Luz et al., 2019), presentation of a re-evaluation of the data by
Nilsson et al. (2013) by Buck and Gannon (2017)

Xu et al., 2020

9Zhang et al., (2013b), Determination of the half-life in blood by modelling from renal clearance
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In pregnant women, PFAS is transferred from the mother's blood via the placenta and in
breastfeeding women via breast milk to the child. From the results of human biomonitoring
(HBM) studies of milk and plasma samples, each obtained from the same individuals, the
EFSA (2020a) derives a ratio of the concentration in milk to plasma of 0.03 for PFOA/PFNA
and 0.015 for PFOS/PFHxXS®.

Breastfeeding thus represents another pathway for excreting PFAS for mothers. According to
calculations, the blood serum concentrations of PFHXS decrease by 1 %, of PFNA by 2 %
and of PFOS and PFOA by 3 % per month in breastfeeding mothers (Mondal et al., 2014).
On the other hand, at the end of the breastfeeding period, the breastfed children achieve the
maximum internal exposure for their life (MRI 2021) with constant exposure of the population
over time. According to EFSA's calculations (2020a), however, it falls significantly over the
course of the first five years of life and after about seven to ten years it becomes equal to the
values of the children who have not been breastfed. In a study of children aged 6 to 10 ex-
amined during the years from 2007 to 2010, no significant influence of the length of breast-
feeding on the level of PFAS could be demonstrated (Harris et al., 2017).

3.1.2.2 Human biomonitoring in Europe

According to EFSA (2020a), the trends over time in some HBM studies in Europe show that
the concentrations of PFOS and PFOA in human blood serum and plasma have decreased
significantly after the year 2000. For PFNA, perfluorodecanoic acid (PFDA) and perfluorun-
decanoic acid (PFUNDA), the EFSA (2020a) indicates increasing or constant concentrations
in many studies in Europe since 2000, while different trends have been reported for PFHXS.

In the studies evaluated by EFSA (2020a), the following seven compounds show the highest
concentrations in human blood serum in Europe'®: PFOS, PFOA, PFHxXS, PFNA, PFDA,
PFUNDA and PFHpS. The sum of these seven compounds represents 96.6 % of the PFAS
detected in adults and 93.4 % in children. In studies from 2007 to 2018, the sum of the four
compounds PFOS, PFOA, PFNA and PFHxXS alone represents approx. 90 % of the PFAS
measured in human blood, according to EFSA (2020a). The relative proportion of individual
PFAS compounds in serum differs between children and adults. According to results from
HBM studies from 2007 to 2018, PFOS, PFOA, PFNA and PFHxS account for 64.0 %,

16.0 %, 5.6 % and 5.1 % (total 90.7 %) in adults and in children 35.0 %, 36.6 %, 8.8 % and
6.7 % (total 87.1 %) of the PFAS detected in the serum*°. This corresponds to median con-
centrations of 7.7, 1.9, 0.67, 0.61, 0.3 and 0.28 pg/L for PFOS, PFOA, PFHXS, PFNA, PFDA
and PFUNDA in adults and 3.2, 3.3, 0.79, 0.60, 0.30 and <0.25 ug/L in children in the median
of these studies. The concentrations of all other PFAS are given as <0.25 pg/L*°.

The data on internal exposure in Germany are dealt with in Chapter 3.1.4 Internal exposure.
3.1.2.3 Toxicology
Human health risk assessment focuses on toxicity due to long-term intake and accumulation.

The acute toxicity of PFOS and PFOA in animal experiments after oral exposure is moderate
(LDso in several animal studies with rats in the range of over 250 to 579 mg PFOS/kg BW

This is based on the arithmetic mean of the medians of the milk/plasma ratios in HBM studies (mean
values for PFOA 0.025 pg/L, PFNA 0.039 pg/L, PFHxS 0.018 pg/L and PFOS 0.012 pg/L).

19The statement relates to the median value of the median concentrations of PFAS in blood serum re-
ported in individual studies in Europe.
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and 250 to 680 mg PFOA/kg BW (EFSA 2008, 2020a). Acute toxicity data are not available
for PENA and PFHXS. LDs, values for PFHXA are between 1750 and 5000 mg/kg bodyweight
and for PFDA between 120 and 129 mg/kg bodyweight.

3.1.2.3.1 Animal studies with repeated oral exposure

For PFOS, PFOA, PFNA and PFHxS, in animal studies with repeated oral exposure, in some
cases comparable target organs of toxic effects and comparable effects were observed, even
if the four PFAS differed in terms of their potency with regard to the various endpoints investi-
gated. Earlier derivation of health-based guidance values related to hepatotoxic effects
(PFOA) and changes in thyroid hormone levels (PFOS). In studies with repeated exposure to
PFOS in rats and cynomolgus monkeys and on the toxic effects of PFOA on reproduction in
mice (see 3.1.2.3.2), steep dose-effect curves were described. The liver is a sensitive target
organ in rodents. In each of the four PFAS, repeated oral exposure in rats led to increased
liver weights associated with hepatocellular hypertrophy, disorders of lipid metabolism (de-
creased serum levels of cholesterol and triglycerides) and hepatocellular steatosis (EFSA
2018a, 2020a, ATSDR 2018, OECD 2002). For other PFAS (PFBA, PFHXA, PFHpA, PFDA,
PFUNDA, PFDoDA, PFTeDA, PFHxXDA, PFODA, PFBS, 8:2 FTOH, EtFOSE) there are re-
sults from animal studies with repeated exposure in which hepatotoxicity (mostly increased
liver weights) is observed (EFSA 2020a). In addition, increased mortality (PFOS, PFOA,
PFNA, PFHxA), increased relative kidney weights (PFHXA, PFOA, PFNA, PFDA, PFBS),
changes in the nasal mucosa and/or olfactory epithelium (PFHxA, PFOA), as well as
changes in thyroid hormone levels (PFBA, PFHxA, PFOA, PFNA, PFBS, PFHXS, PFOS)
were observed with several compounds (EFSA 2018a, 2020a).

3.1.2.3.2 Reproductive toxicity

Numerous PFAS induce toxic effects on reproduction in rodents. In addition to PFOS,
PFHxS, PFOA and PFNA, this applies to e.g. PFBA, PFHxA, PFNA, PFDoDA, PFDA,
PFTeDA, PFODA, PFBS, 8:2 FTOH and EtFOSE (EFSA 2020a). After repeated oral expo-
sure of the dams, the effects most frequently observed were a reduction in the number of live
births and the viability of the offspring, reduced birth weights, and reduced bodyweight gain
and increased liver weights in the offspring (EFSA 2018a, 2020a).

In mice, PFOA also impaired the development of the mammary glands of the female off-
spring if the dams were exposed to PFOA during late pregnancy or suckling (Macon et al.,
2011, Tucker et al., 2015, White et al., 2007, 2009, 2011). This effect already occurred at low
oral doses of PFOA (0.01 to 0.00045 mg/kg BW per day, corresponding to a PFOA blood se-
rum concentration in the dams of 66 pg/L as the Lowest Observed Adverse Effect Concen-
tration (LOAEC) (EFSA 2020a). There are no studies on the developmental toxicity regarding
the mammary glands for any other compound belonging to the PFAS group. However, EFSA
did not use this sensitive endpoint to derive a health-based guidance value due to uncertain-
ties as to whether this effect is relevant for humans, as well as major uncertainties regarding
extrapolation between species (EFSA 2020a).

In male rodents, repeated oral exposure to PFOA, PFOS, PFNA, PFDA, PFDoDA, PFHXA,
or PFTeDA led to decreased weights and degenerative changes in the testes or the vesicle
gland (glandula vesiculosa), decreased sperm counts and/or decreased testosterone levels (
EFSA 2020a).
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3.1.2.3.4 Neurotoxicity

PFOA and PFOS led to developmental neurotoxic effects in rodents at doses of 0.1 to 0.3
mg/kg BW per day or higher (EFSA 2018a, 2020a). Most of the observations relate to
changes in motor activity. Animal studies also exist for PFHxS and PFDA which indicate a
developmental neurotoxic potential of the compounds. There are no in vivo studies for this
outcome for other PFAS including PFNA (EFSA 2020a).

3.1.2.3.5 Immunotoxicity

Some PFAS have an immunotoxic effect in animal experiments (NTP 2016, EFSA 2020a).
Studies with rodents have shown that PFOS disrupts the homeostasis of the immune system
(No Observed Adverse Effect Level (NOAEL) 1.66 ug/kg bodyweight per day, EFSA 2018a)
and that PFOA affects the cellular composition of tissues of the immune system (bone mar-
row, spleen, thymus) and impairs the function of the immune system (decreased antibody re-
sponse to T-cell-dependent antigens and increased IgE-specific immune response and in-
flammatory response). For PFOA, a NOAEL for immunotoxic effects of 1 mg/kg BW per day
is derived from animal studies (EFSA 2018a). For PFOA and PFOS it could be shown via an-
imal experiments in rodents that they cause a reduced immune response after repeated ex-
posure to certain allergens, whereby the potency of PFOA regarding this toxicological end-
point was significantly lower than that of PFOS and that clear differences exist between spe-
cies and sexes in rodents. For PFOS, increased mortality was also observed in mice within
20 days of infection with an influenza virus (H1N1). Immunotoxic effects such as atrophy of
the spleen and thymus and changes in certain T cell populations were also observed for
PFNA after repeated oral exposure (EFSA 2020a). Effects on the immune system were also
observed for PFDA in animal studies with rodents. No animal studies on immunotoxic effects
are available for other PFAS, including PFHXS (EFSA 2020a).

3.1.2.3.6 Carcinogenicity and genotoxicity

In animal studies with chronically exposed rats, an increased incidence of adenomas in the
liver was observed for PFOS. Chronic exposure to PFOA also led to an increased incidence
of adenomas in the liver and testes (Leydig cells) in rats; according to the EFSA, however,
the results on the induction of tumours of the pancreas and the mammary gland are ambigu-
ous (EFSA 2018a; 2020a). In a current study on the carcinogenicity of PFOA in rats, in-
creased incidences of tumours of the liver in males and of the pancreas in both sexes were
observed (NTP 2019a). The results of a long-term study on the carcinogenicity of PFHXA in
rats do not give any indications of a carcinogenic effect of this compound. For PFAS other
than PFOS, PFOA and PFHXxA, no results are available from long-term carcinogenicity stud-
ies in rodents. The mechanisms leading to an increase in tumour incidences are still not fully
understood. There is evidence that PFOS and PFOA act as tumour promoters in the liver of
rodents and PFOS, PFOA and PFNA in the liver of trout (Benninghoff et al. 2012).

In the overall view of the results of genotoxicity studies in vitro and in vivo, it is assumed that
the carcinogenic effects of PFOS and PFOA are not due to a direct genotoxic mechanism
(EFSA 2018a, 2020a). This means that, where the health risk assessment is concerned, it
may be assumed that intake levels can be defined for the compounds at which no carcino-
genic effects are to be expected. There is only limited availability of data on the genotoxicity
of PFAS other than PFOS and PFOA (EFSA 2020a). Based on the available data and the
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structural similarities between PFHxS and PFOS as well as PFNA and PFOA, the existence
of a direct genotoxic mechanism is also unlikely for PFHxS and PFNA.

3.1.2.4 Epidemiological data

Associations between the blood serum concentrations of various PFAS and various biologi-
cal parameters have been reported in numerous epidemiological studies. In its previous opin-
ion (EFSA 2018a), EFSA identified four endpoints for potentially critical effects of PFOS
and/or PFOA,; these were (i) for PFOS and PFOA an increased blood serum level of total
cholesterol and low density lipoprotein (LDL) cholesterol as a risk factor for cardiovascular
diseases, (ii) for PFOA an increased blood serum level of the liver enzyme alanine ami-
notransferase (ALT) as a biomarker of damage of hepatocytes, (iii) decreased birth weights
and (iv) for PFOS a decreased serum concentration of antibodies after vaccinations. The re-
sults of the epidemiological studies on the associations of blood serum levels of PFOS,
PFOA and other PFAS with these four endpoints and with other endpoints are summarised
below.

3.1.2.4.1 Effects on the immune system

According to (EFSA 2020a), a total of nine epidemiological studies are available that deal
with the relationship between peri- or postnatal concentrations of PFAS in the child's blood or
concentrations in maternal blood at the time of birth and the concentration of vaccine anti-
bodies (antibody titre) in the child after standard vaccinations.

In a study carried out on the Faroe Islands, where the inhabitants are exposed to a large
number of persistent contaminants due to their high consumption of fish and whale meat,
blood was taken from 587 children at the age of 5 to determine their vaccine antibody titre
(tetanus, diphtheria), as well as the levels of perfluorinated compounds (mean values: PFOS
16.7 pg/L, PFOA 4.1 ug/L) and polychlorinated biphenyls (PCB). A booster vaccination
against tetanus and diphtheria was also administered. At the age of 7, the vaccine antibody
titre was again examined. There was a clear inverse association with the PFOS and PFOA
levels in the blood measured at the age of 5. This was more pronounced for diphtheria anti-
body titres than for tetanus antibody titres, for which the association with PFOS was not sig-
nificant. The diphtheria antibody titres measured before the booster at the age of 5 also
showed the corresponding inverse association with the maternal PFOS/PFOA exposure
measured at birth, albeit less pronounced (Grandjean et al., 2012). At the follow-up examina-
tion of 516 children at 13 years of age featuring re-determination of the diphtheria and teta-
nus antibody titres, as well as the PFAS concentrations in the blood (mean values: PFOS 6.7
Mg/L, PFOA 2.0 ng/L), most children showed the expected decrease in antibody titres com-
pared to the previous examination at the age of 7 years. Surprisingly, however, the expected
further decrease in antibody titres was not observed in 202 children, although they had ap-
parently not received a booster in the meantime. The evaluations consistently showed in-
verse correlations between PFOS/PFOA concentrations and diphtheria antibody titres, but
only in one of the 6 cases at the level of significance. In the case of the tetanus antibody ti-
tres, these relationships were inconsistent; in fact, in most cases positive trends in terms of
PFOS/PFOA levels were calculated for this age (Grandjean et al., 2017).

In another study, a subgroup of 50 children aged 3 years from a Norwegian mother-child co-
hort (recruitment of mothers: 2007/2008) were studied with regard to the titre of vaccine anti-
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bodies. Negative associations were found between the maternal PFAS concentrations meas-
ured at birth (mean values: PFOS 5.6 pg/L, PFOA 1.1 pg/L) and the antibody titres in rubella,
while no significant correlation was observed in Haemophilus influenza type b (Hib), tetanus
and measles (Granum et al., 2013). A cross-sectional study carried out between 1999 and
2004 examined the association of perfluorinated compounds in blood serum (mean values:
PFOS 20.8 ug/L, PFOA 4.1 pg/L) with the titres of vaccine antibodies against measles,
mumps and rubellain 1,191 US American children and adolescents. In the seropositive par-
ticipants, higher PFAS concentrations were significantly associated with lower titres of anti-
bodies against mumps and rubella. A doubling of the PFAS levels in the blood was associ-
ated with a lowering of the titres by 5.9 and 13.3 % for PFOS and by 6.6 and 8.9 % for
PFOA. No association was found with measles antibody titres (Stein et al., 2016).

In the studies mentioned, the children were at least 3 years old. Therefore, the comparatively
high PFAS exposure at the end of the breastfeeding period as well as a possibly higher sen-
sitivity for effects on the immune system in the first year of life could not be taken into ac-
count in these studies. This data gap was recently closed by the publication of a study that
was carried out at the end of the 1990s, mainly in Berlin, with 101 children aged one year
(Abraham et al., 2020). 21 children were not breastfed, 80 children were exclusively breast-
fed for at least four months. The PFAS analyses carried out in 2019 in reserved samples
showed mean plasma levels of 3.8 ug/L (PFOA) and 6.8 pg/L (PFOS) in the non-breastfed
children and 16.8 ug/L (PFOA) and 15.2 pg/L (PFOS) in children who had been breastfed for
a long time. The study, which was originally focused on dioxins and PCBs, in which numer-
ous other biological parameters were measured in addition to the immunological parameters,
could also be evaluated in relation to PFAS using the new analyses. Significant associations
were found between the PFOA concentrations (but not the PFOS concentrations) and the
antibody titres against Hib, tetanus and diphtheria adjusted for the time since the last vac-
cination, with a reduction in the antibody titres (when comparing quintiles Q1 and Q5) of 86,
54 and 53 %, respectively. The PFOA concentrations were also negatively associated with
the production of interferon gamma by ex vivo lymphocytes after stimulation with tetanus and
diphtheria toxoid. The children were vaccinated during the first year of life in accordance with
the recommendations of the Standing Committee on Vaccination (STIKO) at the Robert Koch
Institute (Abraham et al., 2020).

In summary, some epidemiological studies indicate statistical relationships between the con-
centrations of certain PFAS in the blood and reduced antibody titres in children, which indi-
cates a reduced formation of antibodies after certain standard vaccinations.

Epidemiological data on an increased susceptibility to infection

The research results presented are linked to the question of their clinical relevance, i.e.
whether PFOS and PFOA may have a general suppressive effect on the immune system,
which could lead to an increased incidence or more severe courses of infectious diseases.
Studies on the question of general infection susceptibility have so far mainly looked at prena-
tal PFAS exposure. Several studies are available on the possible association of the PFAS
concentrations in maternal blood or umbilical cord blood and the general frequency of infec-
tions in children in the first years of life. In some cases, positive associations were reported
(Granum et al., 2013; Dalsager et al., 2016; Goudarzi et al., 2017; Impinen et al., 2018),
while no or inconsistent associations were found in other studies (Fei et al., 2010; Okada et
al., 2012, C8 Science Panel 2012, Impinen et al., 2019). With regard to the comparatively
high PFAS exposure of children who have been breastfed for prolonged periods, only the
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above-mentioned study by Abraham et al., (2020) is available, in which the detailed question-
ing of parents about the infections they have had to date in one-year-old children does not
indicate any signs of higher susceptibility to infections in the children more exposed to
PFOA/PFOS.

The SARS-CoV-2 coronavirus epidemic offers the chance to study the reaction of many peo-
ple to a new infection as well as to new vaccinations, also depending on the exposure to
PFAS. A study on possible relationships between infection-related mortality and the level of
exposure to PFAS was recently published (March 2021) from the Italian province of Veneto:
In a region with decades of relatively high exposure to PFAS-contaminated drinking water,
infection-related mortality increased by a factor of 1.55 compared to the control region (90 %
confidence interval: 1.25; 1.92). Individual PFAS analyses were not carried out (Catelan et
al., 2021). In the next few years, further publications on this topic are expected, which deal
with the question of the clinical relevance of the PFAS influence on the immune system.

From the BfR's point of view, the current epidemiological data does not yet allow a conclu-
sion with regard to the question of whether the influence of PFOS, PFOA, PFNA and PFHXS
on the immune system can lead to a more frequent occurrence and/or more serious courses
of infections.

3.1.2.4.2 Cholesterol and cardiovascular diseases

The results of numerous epidemiological studies consistently indicate a positive association
between the blood serum concentrations of PFOA and PFOS and the concentration of total
cholesterol in the serum (Steenland et al., 2009; Eriksen et al., 2013; Nelson et al., 2010).
More recent epidemiological cross-sectional studies, which were taken into account in the
current EFSA opinion (2020a), confirm this correlation. It is worth noting that the increase of
approx. 5 to 7.5 % total cholesterol observed in these studies is recorded up to the range of
the measured mean PFOS/PFOA concentrations, but at even higher concentrations the fur-
ther increase is only slight. An extensive study is available for children and adolescents (Fris-
bee et al., 2010), which shows comparable results for these age groups. In some studies, in-
cluding Steenland et al. (2009), it was shown that higher concentrations of PFOS/PFOA in
serum are associated with increased LDL cholesterol levels. Compared to the total choles-
terol level, the LDL cholesterol level is assigned a higher relevance as a risk factor for cardio-
vascular diseases.

In addition to PFOS and PFOA, possible associations between the blood serum concentra-
tions of other PFAS and the cholesterol level were investigated in various epidemiological
studies. According to EFSA (2020a), a positive association with the total cholesterol level
was observed for PENA in eight out of nine studies (including Nelson et al., 2010; Seo et al.,
2018; Dong et al., 2019). However, when interpreting these results, the high correlation of
PFNA with the compounds PFOS and PFOA, which are present in higher concentrations,
must be taken into account. For PFHXS and other PFAS such as PFHxA, PFHpA, PFBA,
PFDA or PFHpS, no such associations were observed in the majority of studies.

According to EFSA (2020a), the question of whether the observed association between
PFAS blood serum concentrations and total cholesterol is a causal relationship has not been
finally clarified. It is also possible that both parameters are causally dependent on a third pa-
rameter. Assuming that PFAS are reabsorbed from the intestine together with bile acids,
people with an individually high rate of reabsorption of bile acids would also have a corre-
spondingly high rate of reabsorption for PFAS. However, a high rate of reabsorption of bile
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acids is accompanied by an inhibition of the synthesis of new bile acids. A reduced synthesis
of new bile acids, for which cholesterol is the precursor substance, leads to an increased
blood serum level of total cholesterol. In this scenario, people with a high reabsorption rate
for bile acids and PFAS would stand out as people with high PFAS concentrations in their
blood and, at the same time, higher blood cholesterol concentrations, without the higher
PFAS concentrations being causally related to the higher cholesterol concentrations. A pos-
sible confounding (coincidence of increased serum levels for PFAS and total cholesterol) due
to the enterohepatic circulation (excretion into the intestine via bile with subsequent reab-
sorption from the intestine) cannot therefore be ruled out (EFSA, 2018Db).

In its previous opinion, EFSA did not consider the possibility of such a confounding factor in
greater detail (EFSA, 2018a). In its current opinion, EFSA takes possible confounding into
account and therefore attaches greater importance to the uncertainties with regard to causal-
ity between PFAS exposure and total cholesterol blood levels (EFSA, 2020a). As a result,
EFSA continues to observe clear evidence in the results of the epidemiological studies for an
association between the PFAS blood serum levels and total cholesterol, but no longer relies
on these results to derive the health-based guidance value.

The results of a longitudinal study in which decreasing PFOS/PFOA blood serum levels were
accompanied by a decrease in cholesterol levels support the assumption of a causal relation-
ship between PFAS exposure and an increase in cholesterol levels (Fitz-Simon et al., 2013).
According to information from Steenland et al., (2009), the measured values from people
who took cholesterol-lowering drugs contradict any “reverse causality” (increased cholesterol
values result in higher PFOS/PFOA levels). Assuming that the cholesterol level influences
the PFOA/PFQOS level, this should be lower in treated individuals. However, this effect was
not observed in the study data.

Changes in serum cholesterol levels after repeated exposure to PFOS or PFOA were also
observed in animal studies with rodents. Here, the total cholesterol level was lowered, with
significantly higher exposures to PFOS and PFOA in the investigations than in epidemiologi-
cal studies in which this parameter was investigated (see 3.1.2.3.1).

A prolonged increase in total cholesterol, especially in the LDL fraction, is seen as one of
several risk factors for the development of cardiovascular diseases in adults (Ference et al.,
2017; Piepoli, 2016). However, the available epidemiological studies do not show a clear as-
sociation between PFAS blood serum levels and diseases such as arteriosclerosis, high
blood pressure, myocardial infarction or stroke. EFSA (2018a, 2020a) lists five cross-sec-
tional studies and four longitudinal studies that examined associations between PFOS/PFOA
exposure and parameters of cardiovascular diseases. Six of these studies also examined
possible associations between other PFAS (including PFNA and PFHxS) and cardiovascular
disease. Even if some more recent studies (Bao et al., 2017; Huang et al., 2018; Mastranto-
nio et al., 2018) indicate a positive association between exposure to PFAS and cardiovascu-
lar diseases, in its current opinion EFSA considers the data as not yet sufficient as a basis
for deriving a health-based guidance value (EFSA, 2020a).

3.1.2.4.3 ALT blood level
Alanine aminotransferase (ALT) is an enzyme found primarily in hepatocytes. In laboratory
diagnostics, the ALT activity in blood serum is measured as one of several parameters for

the detection of liver damage. Increased ALT activity in blood serum correlates with in-
creased death of hepatocytes and is therefore an indicator of liver damage.
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The association between exposure to PFOA and increased ALT activities in blood serum, ob-
served in epidemiological studies, was already presented in the earlier opinion by EFSA
(2018a). The current opinion by EFSA (2020a) now shows that, in several epidemiological
studies, a positive association between the blood serum concentrations of other PFAS, in-
cluding PFOS, PFNA and PFHxXS, and the ALT activity in blood serum was observed (Sali-
hovic et al., 2018; Jain et al., 2019). According to EFSA (2018a, 2020a), the moderately in-
creased ALT activities measured in the blood samples were mostly within the reference
range of this laboratory parameter. Only in individual studies was it observed for PFOA,
branched derivatives of PFOS and PFNA that high blood serum concentrations were associ-
ated with measured ALT values above the reference range (Gallo et al., 2012; Nian et al.,
2019; according to EFSA 2020a). With regard to increased values for other classic blood pa-
rameters that indicate damage to the liver, such as alkaline phosphatase (ALP), y-glutamyl-
transferase (GGT) or bilirubin, study results show no clear correlation with increased PFAS
blood serum concentrations. In addition, according to EFSA (2020a), the results of epidemio-
logical studies do not consistently indicate a correlation between PFAS blood levels and an
increased incidence of liver diseases or liver-associated metabolic diseases such as meta-
bolic syndrome, obesity or diabetes. In its current opinion (EFSA 2020a), EFSA also regards
the observed positive association between PFAS blood levels and ALT activities as an un-
suitable basis for deriving a health-based guidance value, because only minor increases in
ALT activities were observed in the studies and associations with ALT activities outside the
reference range have been described in only a few studies.

3.1.2.4.4 Birth weights

In several epidemiological studies, an inverse relationship was observed between the birth
weights of newborns and the PFOA and PFOS blood serum concentrations of the mothers
(EFSA 2018a, 2020a). In a more recent study, this was also observed for PFNA (Meng et al.,
2018). In this Danish cohort study, PFAS concentrations were determined in maternal blood
samples which were obtained around the year 2000 and which had significantly higher PFAS
concentrations than today (mean concentrations for PFOS 30.1 pg/L, for PFOA 4.6 pg/L, for
PFHxS 1.0 pg/L and for PENA 0.5 pg/L). For other PFAS, the results of epidemiological stud-
ies with regard to reduced birth weights were inconsistent, with the blood serum concentra-
tions of these PFAS in some studies being significantly lower than those of PFOS and PFOA
(e.g. Kwon et al., 2016; Bach et al., 2016; according to EFSA 2020a).

EFSA considers the clinical relevance and the causality for the relationship between the con-
centrations of PFOS and PFOA in the blood and the observation of reduced birth weights as
being unclear. From EFSA's point of view, the available studies provide indications of a
causal relationship between these parameters. A possible confounding factor due to physio-
logical changes during pregnancy (e.g. an increased glomerular filtration rate of the kidneys)
cannot be ruled out and no increased risk of birth weights that are defined as “low” (<2500 g)
or for the occurrence of an increased incidence of premature births or miscarriages has been
reported. In addition, there is no evidence of PFAS-mediated effects on fertility or reproduc-
tive capacity in either men or women.

3.1.2.4.5 Other examined associations

Numerous epidemiological studies have looked at other potential health effects of PFAS.
Overall, according to EFSA (2020a), it can be said that there is no evidence of associations
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between exposure to PFAS and developmental neurological effects, child growth, behav-
ioural problems and psychiatric or cognitive effects. The studies also provided no or only in-
sufficient evidence with regard to an association between PFAS and the function of the thy-
roid gland and kidneys, or bone density. Population-based studies also investigated whether
there is an increased risk of cancer for humans associated with exposure to PFAS. For
PFOS and PFOA, the results of these studies available up to August 2019 do not sufficiently
support the assumption that such a relationship exists in humans. This means that a connec-
tion cannot currently be proven definitively. With regard to other PFAS, human data on car-
cinogenicity are scarce so far (EFSA 2020a).

3.1.2.5 Derivation of a health-based guidance value

3.1.2.5.1 Selection of the compounds under consideration and approach for evaluating the
combination effects

In the previous opinions by EFSA and other international bodies, the two substances PFOA
and PFOS were evaluated and a separate value for the tolerable daily/weekly intake
(TDI/TWI)*! was derived as a health-based guidance value for each substance.

Based on data from animal experiments, EFSA published TDI values of 0.15 yg/kg BW per
day for PFOS and 1.5 ug/kg BW per day for PFOA in 2008. Other committees as well as
EFSA later derived significantly lower health-based guidance values, which initially resulted
mainly from the use of other toxicokinetic models to account for differences in the half-lives
between laboratory animals and humans (e.g. ATSDR 2018), and later also from the use of
epidemiological data as well as the use of effect endpoints for the TWI derivation, which con-
cerned more a risk factor for a disease than an actual disease (e.g. 6 ng/kg BW per week for
PFOA and 13 ng/kg BW per week for PFOS in EFSA Opinion 2018a)2.

In its current opinion (EFSA, 2020a), EFSA has now derived a TWI of 4.4 ng/kg BW per
week for the sum of the four compounds PFOS, PFOA, PFNA and PFHxS as a health-based
guidance value in accordance with a new guideline on the methodology for the health as-
sessment of combination effects (EFSA 2019) . These four compounds belong to the group
of long-chain PFAS. The reason for the selection of these compounds is that they (i) have
similar toxicokinetic properties with long half-lives and a high potential for accumulation in the
human body (see 3.1.2.1), (ii) show similar effects in animal studies (see 3.1.2.3) and (iii) are
the dominant PFAS in human blood samples (see Chapter 3.1.2.2). In the median of the
HBM studies evaluated by EFSA (2020a) from 2007 to 2018, the sum of the median concen-
trations of these four compounds represents approx. 90 % of the PFAS exposure observed
in human blood.

As part of a pragmatic approach, it was decided to limit the assessment of the combination
effects to the four PFAS that are mainly detected in human blood serum (EFSA 2020a). No
health-based guidance value such as a TWI could be derived for the other PFAS previously
detected in food, as the currently available database on the toxicology of the individual com-
pounds and on the derivation of potency factors or toxicity equivalence factors, which could

"Tolerable Daily/Weekly Intake (TDI/TWI): Health-related guidance value for the tolerable amount of a
contaminant (per kilogram of bodyweight), which is not expected to have any adverse effects on
health per week if consumed over a lifetime.

2In an opinion from the Agency for Toxic Substances and Disease Registry (ATSDR) 2018, Minimal
Risk Levels (MRL) for PFHxS and PFNA were also derived (ATSDR 2018).
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allow for a health risk assessment of further PFAS as part of a group approach, is insuffi-
cient. In its opinion, however, EFSA recognises that there is a need for the collection of toxi-
cological data and the assessment of further PFAS in the future. In the absence of compara-
tive studies on the relative toxicological potency of the four PFAS in relation to the toxicologi-
cal endpoint used to derive the TWI (see below), an equivalent toxic potential is assumed for
the four compounds of the sum TWI in the current EFSA opinion (2020a).

3.1.2.5.2 Selection of the critical effect (most sensitive toxicological endpoint) and the critical
study

The EFSA TWI derivation (2020a) is based on the results of epidemiological studies in which
an inverse association between the blood serum concentrations of PFOA, PFNA, PFOS and
PFHxS and titres of vaccine antibodies was observed in children, which was interpreted as a
reduced formation of antibodies (Abraham et al., 2020; Grandjean et al., 2012). This de-
creased antibody formation after vaccination has been observed in several epidemiological
and animal studies at low serum concentrations for various PFAS and is considered to be the
most sensitive endpoint. The lowest Benchmark Dose Lower Confidence Limit 10 (BMDL1o)
of 17.5 pg/L serum, which was calculated in the study by Abraham et al. (2020), for the asso-
ciation of the sum of the four named PFAS with the level of the titre of the diphtheria vaccine
antibodies was used as the starting point for the TWI derivation*3. This value represents the
lowest result of the benchmark dose modelling for the data on the association of the sum of
the blood serum concentrations of the four PFAS with the antibody titres in children after vac-
cination against diphtheria and tetanus using four individual models. This means that when
blood serum concentrations are below this value in children, a high probability exists that
vaccine antibody titres, caused by exposure to PFOS, PFOA, PFNA and PFHxS, will not be
reduced by 10 % or more. EFSA and the BfR therefore consider a blood serum concentration
of 17.5 pg/L to be a critical reference point for the internal exposure of the infant age group.
Even with older children, who are less sensitive according to the benchmark dose calcula-
tions of EFSA, this value of the sum of the four PFAS of 17.5 pug/L may also be used as a ref-
erence point for assessing internal exposure. The immunological study data for adults and
adolescents do not yet allow a conclusion to be drawn on the question of whether application
of the value is justified with these age groups.

There is still no generally scientifically coordinated approach to calculate BMDL values based
on epidemiological studies. EFSA bases itself on the usual approach for experimental data,
which for toxicology generally comes from animal studies. However, this approach had to be
modified. The modifications chosen by EFSA are plausible from the perspective of BfR.

The lower concentration of antibodies in the blood serum after vaccinations in children with

higher levels of PFOS, PFOA, PFNA and PFHXS in the blood serum indicates that the sub-

stances have an effect on the immune system. The underlying mechanism of action has not
yet been clarified.

A reduced concentration of vaccine antibodies in the blood serum is generally considered un-
desirable, even if this does not necessarily lead to reduced vaccination protection due to the
existing safety margins for vaccinations if the vaccination recommendations of the Standing

13SBMDL: Lower limit of the confidence interval associated with the benchmark dose (BMD). The BMD
represents the dose determined using mathematical dose-effect modelling, which is associated with
a certain effect size within the studies on which the modelling is based (in the case of the BMD 10,
e.g. a 10 % increase in the effect).
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Committee on Vaccination at the Robert Koch Institute are observed. The current data does
not yet allow a conclusion to be drawn as to whether the influence of PFOS, PFOA, PFNA
and PFHxS on the immune system can lead to a higher incidence of infections.

At the time of the publication of the previous EFSA Opinion (2018a), the BfR had considered
the evidence available at the time on the question of a reduced concentration of vaccine anti-
bodies in blood serum or an increased susceptibility to infection as possibly caused by
PFOS/PFOA as being inadequate and in some cases contradictory. The BfR's criticism re-
lated to the available data at that time. This data has since been significantly expanded by
the publication of a new study (Abraham et al., 2020), so that the BfR no longer believes that
insufficient evidence exists on the question of a reduced concentration of vaccine antibodies
in blood serum caused by PFOS/PFOA. The new study closes important gaps in the data
and was chosen by EFSA as a key study in deriving the TWI.

Also in the EFSA Opinion of 2018a, the TWI derivation was based on the results of epidemi-
ological studies. Here the positive correlation between blood serum concentrations of PFOA
or PFOS and an increased blood serum level of total cholesterol was used for the TWI deri-
vations for PFOS and PFOA. Regarding this derivation, the BfR was particularly critical of the
evidence for causality and the clinical relevance of the results from epidemiological studies
on which the TWI derivation was based.*

In its current opinion, EFSA now attaches greater importance to the uncertainties regarding
the causality between PFAS exposure and the total cholesterol level in the blood than in its
previous opinion (see Chapter 3.1.2.4.2). As a result, EFSA continues to observe clear evi-
dence in the results of the epidemiological studies for an association between the PFAS
blood serum levels and total cholesterol in serum, but no longer relies on these results to de-
rive the health-based guidance value.

In its 2020 opinion, as in 2018, EFSA also evaluates the positive association observed be-
tween PFAS blood levels and ALT activities as unsuitable for deriving a health-based guid-
ance value based on it, because only small increases in ALT activities were observed in the
studies and associations with ALT activities outside the reference range have been de-
scribed in only a few studies. Although the effect was also observed in animal studies, there
are uncertainties regarding the comparability of the effects due to the large differences in the
dose-effect curves.

The association of lower birth weights with higher serum concentrations of PFOS, PFOA and
PFNA observed in epidemiological studies is considered unsuitable for deriving a health-
based guidance value in both the current EFSA opinion (2020a)and in the previous opinion
(EFSA 2018a) due to uncertainties regarding clinical relevance and causality.

Impairment of the development of the mammary glands as a developmental toxic effect in
mice after exposure to PFOA via the dams in utero or during the lactation period was identi-
fied as the most sensitive effect in animal studies (Macon et al., 2011, Tucker et al., 2015,
White et al., 2007, 2009, 2011). The lowest effective serum concentration LOAEC was 20
Mg/L in the offspring, corresponding to an LOAEC of 66 pg/L in the dams. According to EFSA
(2020a), deriving a TWI1 on the basis of this effect would lead to a TWI for PFOA that is
around nine times lower than the TW1 for the sum of PFOS, PFOA, PFNA and PFHXS in the
current EFSA statement. However, the impairment of the development of the mammary

14 https://www.bfr.bund.de/cm/343/neue-gesundheitsbezogene-richtwerte-fuer-die-indus-
triechemikalien-pfos-und-pfoa.pdf
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glands in mice has not been investigated for other PFAS, nor has it been tested in other ani-
mal species or in epidemiological studies and has therefore been interpreted as unsuitable
for use as a basis for deriving a health-based guidance value.

3.1.2.5.3 Physiology-based toxicokinetic (PBTK) modelling and TWI derivation

With constant exposure of the population over time, long-term breastfed children achieve an
internal exposure to PFOS, PFOA, PFNA and PFHxS maximum for their life at the end of the
breastfeeding period. Based on the BMDL,, value for the sum of PFOS, PFOA, PFNA and
PFHXxA of 17.5 pg/L in the child's blood serum, the daily intake of the four compounds by
mothers that would lead to this total concentration in the blood serum of their one-year-old
children was calculated using a PBTK model, assuming breastfeeding for prolonged periods
(EFSA 2020). To illustrate the transfer via breast milk, data from HBM studies on the relation-
ship between the levels of compounds in the milk and blood plasma of breastfeeding women
were used (see 3.1.2.1). Due to the similarities in the toxicokinetics and the chemical struc-
ture of the perfluoroalkylsulfonic acids PFOS and PFHxS or the perfluoroalkyl acids PFOA
and PFNA, the assumptions for PFOS were also used for PFHxS and the assumptions for
PFOA also for PFNA. The prenatal exposure of the infants and the resulting concentrations
in the blood serum of the newborn children were also taken into account in the toxicokinetic
modelling.

The toxicokinetic model used for this purpose describes oral intake, distribution in blood, tis-
sue and possibly breast milk as well as renal excretion of PFOA and PFOS in the human
body (Loccisano et al., 2011, 2013). The model developed for PFOA was also used for
PFNA in the EFSA opinion (2020a), and the model developed for PFOS was also used for
PFHxS. Since the simulation code for the model is described completely, the model calcula-
tions are transparent and valid from the point of view of BfR. However, in the PBTK model,
the enterohepatic circulation of PFOA and PFOS and their possible (albeit low) excretion via
the faeces are not taken into account.

Based on average blood serum concentrations in the study by Abraham et al. (2020) in chil-
dren aged one year, the BMDL,, value of 17.5 ug/L corresponds to values of 7.7 pg/L for
PFOS, 8.5 pg/L for PFOA, 0.3 pg/L for PFNA and 1.1 pg/L for PFHXS (proportions of the in-
dividual compounds in the total: 43.8 %, 48.4 %, 1.7 % and 6.1 % for PFOA, PFOA, PFNA
and PFHXxS).

The toxicokinetic model calculates the corresponding maternal blood serum concentrations
for women of childbearing age, which must not be exceeded so that the BMDL,, of 17.5 pg/L
is not exceeded even in children who have been breastfed for a long time.

The modelling showed that a maternal serum concentration of 6.9 ug/L for the sum of PFOS,
PFOA, PFNA and PFHXS (4.9 pg/L for PFSA and 2.0 pg/L for PFCA) assuming 12 months of
breastfeeding leads to a serum concentration in the breastfed child that does not exceed the

critical value of 17.5 pg/L for the sum of PFOS, PFOA, PENA and PFHxS (8.7 pg/L for PFSA
and 8.8 ug/L for PFCA).*°

15Based on the ratios derived from the HBM between concentrations in maternal blood serum
and breast milk of 0.015 for PFSA and 0.03 for PFCA (see 3.1.2.1), the initial concentration
in breast milk at this blood serum concentration would be 0.133 ug/L for the total of PFOS,
PFOA, PFNA and PFHXxS (0.073 pg/L PFSA and 0.06 pg/L PFCA).
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This value of 6.9 pg/L indicates the maximum blood serum concentration in mothers so that
the BMDL,o of 17.5 pg/L in their children is not exceeded even if their children are breast-
feeding for a long time.

The modelling also showed that a person who consumes up to 0.63 ng/kg BW of the sum of
the four PFAS (0.19 ng PFSA per kg BW and 0.44 ng PFCA per kg BW) daily does not ex-
ceed the serum concentration of 6.9 pg/L for the sum of the four PFAS at the age of 35
years?'®.

Because of the long half-lives of the four PFAS in human blood serum, this daily intake of
0.63 ng/kg bodyweight per day was multiplied by a factor of 7%’ to calculate a weekly intake
of 4.4 ng/kg bodyweight for the sum of PFOS, PFOA, PFNA and PFHxS as a TWI.

In the derivation shown for the TWI, EFSA does not use assessment factors to take into ac-
count inter-individual variability in toxicokinetics or sensitivity. This takes into account the fact
that the inverse association of the levels of PFAS with the concentrations of vaccine antibod-
ies in the blood serum is more a risk factor for a disease than a disease, and that the popula-
tion group considered in the underlying epidemiological study was infants that are to be re-
garded as a vulnerable group.

The respective sum of the BMDL values for PFOS and PFOA, which was derived in the ear-
lier EFSA opinion (2018a) for other associations in epidemiological studies, is higher than the
blood serum levels in adults correlating with the current TWI for the sum of PFOS, PFOA ,
PFNA and PFHxS of 6.9 pg/L. The TWI of 4.4 ng/kg BW per week therefore also protects
against other effects that have been observed in epidemiological studies and are discussed
as PFAS-related.

Because of the long half-lives in human blood serum, PFOS, PFOA, PFNA and PFHXS can
accumulate after ingestion with food, drinking water or other sources in the body until an
equilibrium is reached between absorption and excretion. Whether exposure exceeding the
TWI of 4.4 ng/kg bodyweight per week results in concentrations above the blood serum con-
centration of 6.9 pg/L on which the TWI1 is based depends on several factors: the extent of
the exceedance, the duration and the amount of substances already present in the body.

Since breastfed infants represent the age group with the highest PFAS levels for the com-
pounds under consideration, the TWI is also seen as protective for other age groups. How-
ever, it must be taken into account that only limited data are available to assess a possibly
higher vulnerability of older age groups with regard to possible impairment of the immune
system by these compounds.

The methodological approach used in deriving the EFSA's TWI takes into account the expo-
sure of breastfed infants by deriving a weekly lifelong intake that is based on the concentra-
tion of the four PFAS in the blood serum of 35-year-old women or the related concentration
in breast milk. The comparatively high external exposure of infants during the breastfeeding
phase should therefore not be compared with the TWI in the context of a health assessment.
Apart from this special case, the TWI derivation by EFSA includes all population groups.
(Slightly) exceeding the internal exposure level of 6.9 pg/L on which the TWI is based for the
sum of the four PFAS in adults is not to be equated with a critical PFAS exposure with regard

6Modelling assumption for the onset of pregnancy
17 Factor 7 for converting the daily tolerable intake to weekly tolerable intake
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to the health of the adult person. Which internal exposure level is to be regarded as critical in
adults cannot be derived from the data currently available.

3.1.2.6 Uncertainties in the data for the TWI and the derivation of the TWI

According to EFSA (2020a), there are uncertainties with regard to the most sensitive end-
point to be used to derive the health-based guidance value, since studies on the effect on the
mammary gland were only carried out in the rodent model with PFOA. No findings exist from
animal studies with other species, with other PFAS or from epidemiological studies on this
endpoint. In addition, due to the limited amount of data, there are uncertainties with regard to
the conclusion on the question of whether the influence of PFOS, PFOA, PFNA and PFHXS
on the immune system also leads to a clinically-relevant impairment of the function of the im-
mune system and, for example, there could be a higher incidence of infections. There are
also uncertainties and gaps in knowledge with regard to the vulnerability of different age
groups.

Further sources of uncertainty in the derivation of the health-based guidance value lie in the
assumption of the same effect magnitude for PFOS, PFOA, PFNA and PFHxS and in the
methodology of the BMDL derivation and the PBTK modelling (this concerns, among other
things, the assumptions on the transfer of PFAS from the maternal serum into breast milk
and the calculation of the partition coefficients between blood serum and tissues from animal
study data).

In addition, inter-individual variability in the half-life of PFAS in blood serum could not be
taken into account.

3.1.3 External exposure

The present estimate of external exposure relates only to food (with the exception of drinking
water). Other sources of exposure, such as contact with everyday objects or ingestion of
house dust, were not taken into account. The external exposure was estimated on the basis
of the available PFAS concentrations from 2007-2020 from food control in Germany and the
representative German consumption studies for the age groups from >0.5 to 80 years. The
estimate was limited to the sum of the four PFASSs included by EFSA in the derivation of the
sum TWI (PFOS, PFOA, PFENA, PFHXS). For the respective age groups, exposure with
mean consumption results in a range of 4.3 to 19.3 ng/kg BW per week in the LB and 50.6 to
276.8 ng/kg BW per week in the UB.

The large difference between the estimates in the UB and in the LB is mainly due to the un-
certainties in the concentration data. This is due, among other things, to the fact that there is
a very high proportion of values below the detection and quantification limit. At the same
time, despite the exclusion of samples with limits of quantification above 1 pg/kg, the analyti-
cal limits are too high, especially for the description of foods that are eaten a lot but have ra-
ther low or undetectable levels.

In addition to the uncertainties in the amount of the total exposure, there are also uncertain-
ties in the estimates for the contributions of individual food groups to the total exposure. Suf-
ficient concentration data was only available for the main groups “meat and meat products”,
“fish and fish products” and to an extent “milk and dairy products” as well as “vegetables and
vegetable products” to enable differentiation between foods with high and low concentrations
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in the respective group. In particular, the estimates of the food groups “meat and meat prod-
ucts” and “fish and fish products” are associated with comparably lower uncertainties. The
small number of analytical results in other main food groups means that individual main food
groups are not well represented by concentration data, individual values in some cases have
a very high influence on the overall exposure and the estimate therefore has considerable
uncertainties (e.g. "Grains and grain-based products"). Due to these uncertainties, the expo-
sure assessment can only be viewed as an approximate description of the real exposure sit-
uation.

Some main food groups could not be included in the exposure assessment due to a lack of
concentration data, such as “Legumes, nuts, oil seeds and spices”*8. Drinking water as a
drink was also not included in the exposure assessment. Drinking water proportions in other
foods were taken into account in the exposure assessment. Further uncertainties, such as
indications of non-representative sampling, are presented in more detail under 3.1.3.4.

Overall, a comparison with the results of the French Total Diet Study (TDS) (Riviere et al.,
2014) suggests that the exposure assessment presented here, like the EFSA estimate, may
overestimate the PFAS uptake in the average general population.

3.1.3.1Data set
3.1.3.1.1 Occurrence data

Current data from the food control programs of the federal states from 2007 to 2020 were
used as the data set for the evaluation of the PFAS concentrations in Germany.

These data were sent to the BfR by letter dated July 10, 2020 by the Federal Office for Con-
sumer Protection and Food Safety (BVL) on the basis of a data query initiated by the BfR via
the BVL by letter dated July 9, 2020 from the food control authorities of the German federal
states. The data set includes analytical results from the monitoring programs of the German
federal states, as well as from further studies carried out by the federal states' authorities.
The data contain measurements for a total of 21 different PFAS. For this report, the BfR has
evaluated analytical data of those PFAS, for which a TWI has been derived in the updated
EFSA opinion. These are PFOS, PFOA, PFNA and PFHxS (EFSA 2020a). The number of
available analytical results for these four PFAS is shown in Table 2. The proportion of values
below the quantification limit is high in the data set. PFOS and PFOA were examined more
frequently than PFNA and PFHXS. For PFOS, 71.2 % of the concentrations could not be de-
termined, and more than 85 % for the other three PFAS.

Table 2: Overview of the number of measurement results and the proportion of concentrations below the
gquantification limits of various PFAS in the data obtained from the monitoring programs of the German
federal states from January 2007 to June 2020, before the criteria described in the text were applied for
exclusion from exposure assessment

PFAS Number of measurement results el Ll beIc_)w_the SJUENS
fication limit [ %]
Perfluorooctanesulfonic acid (PFOS) 12,990 71.2

18]n addition, the following main food groups could not be included in the exposure assessment due to
a lack of analytical data: “Animal and vegetable fats and oils”, “Fruit and vegetable juices and nec-
tars”, “Coffee, cocoa, tea”, “Alcoholic beverages”, “Vegan and vegetarian products” and “Sauces and
condiments”.

Page 27 of 71



7 BFR

“'

German Federal Institute for Risk Assessment

www.bfr.bund.de

Perfluorohexane sulfonic acid (PFHxS) 7,220 92.7
Perfluorononanoic acid (PFNA) 7,299 87.0
Perfluorooctanoic acid (PFOA) 12,980 85.4

Values below the detection limit or quantification limit were treated with both the LB and the
UB. In the LB approach, values below the quantification limit or detection limit were set equal
to 0. In the UB approach, values below the detection limit were replaced with the value of the
detection limit and values below the quantification limit but above the limit of detection with
the value of the quantification limit. If only the quantification limit was given, then values be-
low the detection limit were also replaced with the value of the quantification limit. In contrast
to the usual procedure of the BfR, the exposure assessment was carried out with the LB in-
stead of the “modified lower bound”*® approach. This allows a better comparison with the cur-
rent EFSA estimate.

A total of 97,857 measurement results were obtained (across all PFAS) from 13,018 exam-
ined food samples. The distribution of the measurement results across the various food
groups is, however, inhomogeneous. Food of animal origin, especially meat and fish, was ex-
amined much more frequently than food of plant origin. For a large part of the foods of plant
origin, including some high-consumption foods in this group, no content measurements are
available.

84,345 measurements (corresponding to 9,890 samples or partial samples?®) were excluded
from further evaluation, of which:

1) 3,635 samples with a total of 17,796 measurement results, the sampling reason for
which suggests non-representative sampling. However, it cannot be ruled out that the
other data contain further measurement results from risk-oriented or targeted sam-
pling (see 3.1.3.4).

2) 2,373 samples with 31,585 measurement results with a quantification limit above 1
ug/kg.?t This exclusion was not made for fish and meat offal, which could usually be
detected/determined even with higher detection and quantification limits.

3) 16 samples of milk, with 160 measurement results, as these were sampled with a
non-validated method and also had unusually high levels (manual exclusion).

4) 26,998 measurement results due to the exclusion of all results on PFAS except for
PFOS, PFOA, PFNA and PFHxS, as these results were not included in the exposure
assessment (this did not result in exclusion of samples)

5) 1,397 measurement results for 361 samples as part of the assignment to main food
groups. This applies to 79 measurement results on drinking water and food for which
the number of samples was not sufficient to evaluate them as a separate food group
and which could not be assigned to another food group.

6) A further 7,409 measurement results for 3,505 samples that were not analysed for
each of the four PFAS and could therefore not be taken into account in the sum.

The further evaluation of the concentration data hence included 12,512 analytical results for
PFOS, PFOA, PFNA and PFHxS from 3,128 samples or partial samples.

¥In the “modified lower bound”, values below the detection limit are replaced with 0 and values below
the quantification limit are replaced with the detection limit.

20partial samples occur when, for example, several parts of an animal, such as muscle meat or liver,
have been examined.

2IMeasurement results with limits of quantification higher than 1 pg/kg were excluded from the evalua-
tion in line with the EFSA procedure for better comparability.
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The samples examined were divided into food groups. Initially, the basis remained the
FoodEx2 main group?®? (e.g. “Cereals and cereal-based products”) (EFSA 2015). If little or no
foods were examined in a main group like this, the group was evaluated as a whole. When a
larger number of food samples had been examined, subgroups were created to allow for a
more detailed evaluation. In addition to “meat and meat products” and “fish and fish prod-
ucts”, this also applies to the main group “vegetables and vegetable products”, which could
be further subdivided into mushrooms, algae and other vegetables, as well as “milk and dairy
products”, which was further divided into processed and unprocessed milk. As a result, the
analytical results were assigned to 67 food groups.

For comparison with the TWI, the exposure must be viewed as the sum of the four PFAS, i.e.
PFHXS, PFNA, PFOA and PFOS. In order to take into account potential correlations between
the levels of PFAS in the food, this total was calculated at the level of the concentration data.
The following procedure was used for the formation of this sum:

Handling of measurement results <LOQ/LOD:

- Inthe LB, the values of the four PFAS for a sample above the quantification limit were
added together. Values below the quantification limit were set to 0 and thus not taken
into account in the calculation of the total.

- Inthe UB, different procedures were used depending on whether determinable values
were available or not: If it was possible to determine at least one of the four PFAS values
of the sample, then only those values which could be determined were added together,
analogously to the LB, and the others were set to 0. In the event that all values were be-
low the quantification limit, the value of the highest quantification limit was assigned as
the total for the four substances. This prevents the quantification limits from being added
together multiple times in the case of several censored values.

Table 3 shows an overview of the mean limits of quantification of the individual PFAS. In
most of the main groups, the mean quantification limit for all substances is above 0.5 pg/kg.
Exceptions are the main groups “Water and water-based beverages”, “Alcoholic beverages”,
“Milk and dairy products” and “Products for babies and toddlers”.

Although measurement results with limits of quantification >1 ug/kg were excluded from fur-
ther evaluation, the limits of quantification in the evaluated data set are high. The detection
and guantification limits were also high in earlier exposure assessments for PFAS, so that
the exposure assessments based on them showed great uncertainties. At these limits of
quantification, the levels in most of the samples examined for the majority of the main food
groups are below the quantification limit.

22FoodEX2 is a system developed by EFSA for the classification of food. Based on the main groups,
foods are classified further at ever finer levels.
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Table 3: Overview of the mean limits of quantification in the various main groups for the PFAS used from
the monitoring programs of the German federal states. The information relates to the data set prior to the
exclusion of the samples that were not analysed for all four PFAS.

Mean quantification limit [ug/kg]
Perfluorohex-
ane Perfluoronona- Perfluorooctanoic IO
e el grep sulfonic acid | noic acid (PENA) acid (PFOA) ta”es(‘;,'lf:oons"; 2l
(PFHxS)
Cereals and cereal- 0.74 0.74 0.86 0.86
based products
Vegetables and vegeta- 0.59 0.60 0.67 0.66
ble products
Starchy roots
or tubers and their prod- 0.99 0.99 0.95 0.95
ucts
Fruit and fruit products 0.36 0.42 0.61 0.56
Meat and meat products?® 0.86 0.84 1.60 1.65
Fish and fish products 0.82 0.82 0.72 0.72
Milk and milk products 0.31 0.27 0.42 0.41
Eggs and egg products 1.00 1.00 0.50 0.52
Sugar, confectionery, and
water-based sweet des- 0.72 0.72 0.66 0.66
serts
Water and water-based
beverages 0.01 0.01 0.01 0.01
Alcoholic drinks n/a n/a 0.20 0.20
Eroducts for babies and 0.29 0.29 0.29 0.29
infants

a In the case of offal, data with limits of quantification above 1 pg/kg were not excluded, so values >1 ug/kg may
occur here.
n/a: not analysed

Tables 4 to 7 show the number of samples as well as the mean and 95" percentile of the
concentrations calculated according to the procedure described above for main food groups,
as well as for the subgroups of “Meat and meat products”, “Fish and fish products”, “Vegeta-
bles and vegetable products” and “Milk and dairy products”. Most of the samples are in the
main groups “Fish and fish products” (n=904) and “Meat and meat products” (n=762).

The number of concentrations above the quantification limit varies between the main food
groups. While, for example, in the groups “Starchy roots or tubers and their products” and
“Fruit and fruit products” at least one of the four PFAS was determined in only 1.1 % and
0.9 % of the samples, the proportion in the groups “Meat and meat products "and“ Fish and
fish products” is 41.3 % and 45.0 %, respectively.
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The main groups "Meat and meat products”, "Eggs and egg products" and "Fish and fish
products” show the highest concentrations. With an average of 5.38 pg/kg and 52.90 pg/kg,
the levels in fish and meat are significantly higher than those of eggs, which have a mean
concentration of 0.36 pg/kg. The highest levels in the group “Vegetables and vegetable prod-
ucts” can be traced back to high levels of PFOA in the subgroup algae (23 samples) and
PFOS in the subgroup mushrooms (21 samples), which are represented with disproportion-
ate frequency in the present data set in comparison to the amount consumed. A separate
evaluation based on the corresponding consumption data was possible for these food
groups.

In the main group “Meat and meat products” offal has higher concentrations than muscle
meat. Wild boar should be noted as being the animal species with the highest levels. At the
same time it should be noted that, regarding the number of samples, both wild boar and offal
were sampled disproportionately in relation to consumption. These foods were therefore in-
cluded in the exposure assessment as a separate food group (taking into account the con-
sumption data for the respective foods). In the subgroup “Fish and fish products”, the highest
levels are found in carp, eel and other freshwater fish or their offal.

In the main food group “Cereals and cereal-based products”, results are available for 21 ex-
amined samples, of which a content above the quantification limit was reported for only one
sample.®

Table 4: Concentrations for the sum of PFHxS, PFNA, PFOA and PFOS from the monitoring programs of
the German federal states by main food groups in pg/kg using the LB

Sum (PFHxS, PFNA, PFOA, PFOS)
95" percen-
No. of Proportion of Mean tile
. ; concentra-
Main food group sam- determinable tions concentra-
ples values? [ug/ka] tions
[ug/kg]
Cereals and cereal-based products 21 4.8 % 0.07 (o]
Vegetables and vegetable products 184 17.4 % 0.18 1.29
Starchy roots or tubers and their products 95 1.1% 0.01 (o]
Fruit and fruit products 108 0.9% 0.01 ob
Meat and meat products 762 41.3% 52.90 339.87
Fish and fish products 904 45.0 % 5.38 30.00
Milk and milk products 379 13.7 % 0.01 0.04
Eggs and egg products 26 23.1% 0.36 1.60
Sugar, confectionery, and water-based sweet 34 0% 0 0
desserts
Water and water-based drinks® 554 144 % 0.001 0.004
Products for babies and infants 61 0% 0 0

a A value was counted as determinable if at least one of the four PFAS was determinable in the sample.
b Proportion of determinable values <5 %, therefore in the 95™ percentile 0
¢ Without drinking water

#3Content of PFOA 1.5 pg/kg (LOQ 1 pg/kg), PFOS, PFNA, PFHXS <LOQ (<1 pg/kg), PFPeA 1.5
pna/kg (LOQ 1 pg/kg); Upon request, the BVL confirmed the result as valid after consultation with the
examining laboratory
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Table 5: Concentrations for the sum of PFHxS, PFNA, PFOA and PFOS from the monitoring programs of
the German federal states by food group in the main group “Meat and meat products” in pg/kg using LB.

Total (PFHxS, PFNA, PFOA, PFOS)
Proportion Mean 95" percentile
Food group A, @) GG Concentra- Concentra-
SEMRIEE nablem tions [ug/kg] tions [ug/kg]
values
Meat from multiple animals? 28 0% 0 0
Meat from beef/veal 11 72.7 % 1.34 2.95
Meat from mutton/lamb 1 0% 0 0
Meat from pork 39 25.6 % 0.05 0.01
Meat from other non-game mammals? 43 0% 0 0
Meat from wild boar 68 735% 33.77 236.93
Meat from roe deer 38 2.6 % 0.03 0'
Meat from deer 12 0% 0 0
Meat from other game mammals® 4 0% 0 0
Meat from chicken 38 10.5 % 0.19 1.49
Meat from turkey 39 15.4 % <0,01 0.02
Meat from other non-game poultryd 6 16.7 % 2.37 10.65
Meat from game poultry 8 62.5 % 4.17 16.23
Liver from beef/veal 136 56.6 % 3.67 11.08
Liver from pork 89 14.6 % 0.81 5.56
Liver from mutton/lamb 8 62.5 % 3.83 11.46
Liver from wild boar 89 100.0 % 381.15 808.15
Liver from other game mammals® 23 78.3 % 3.40 8.37
Liver from chicken 51 275 % 1.05 5.75
Liver from other non-game poultryf 1 100.0 % 98.70 98.70
Liver from other game poultry9 3 100.0 % 61.88 87.16
Other offal from non-game mammals” 5 100.0 % 28.88 63.28
Other offal from wild boar! 4 100.0 % 706.66 2037.25
Other offal from hens' 1 0% 0 0
Other offal from other non-game poultry® 2 50.0 % 15.20 28.88
Meat, unspecified 15 0% 0 0

a Not further specified with regard to animal species, e.g. from bratwurst

b Mammalian meat other than beef/veal, pork, mutton/lamb and game (here: goat, domestic rabbit, horse)
¢ Meat from game animals other than wild boar, roe and buck deer (here: hare)

d Poultry meat other than chicken and turkey and game (here: duck, goose, quail)

e Liver from mammals other than wild boar (here: roe deer, mouflon, buck deer, fallow deer)

f Poultry liver other than chicken and game (here: duck, goose, turkey)

9 Liver from game fowl (here: wild duck)

h Offal other than the liver of mammals, non-game (here: kidney, tongue, pig blood)

iWild boar offal except liver (here: kidney, heart, spleen)

I Chicken offal except liver (here: heart)

k Offal other than liver of poultry, other than chicken and game (duck heart)

! Proportion of determinable values <5 %, therefore in the 95" percentile 0

M A value was counted as determinable if at least one of the four PFAS was determinable in the sample
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Table 6: Concentrations for the sum of PFHxS, PFNA, PFOA and PFOS from the monitoring programs of
the German federal states by food group in the main group “Fish and fish products” in pg/kg using LB.

Total (PFHxS, PFNA, PFOA, PFOS)
Proportion of Mean 95" percentile

Food group No. of samples determinable concentrations | concentrations

values® [ng/kd] [uglkd]
Fish, unspecified 6 0% 0 0
Eel 42 52.4 % 6.34 28.41
Trout 183 13.7 % 1.21 4.98
Crustaceans 6 33.3% 0.50 1.85
Herring 46 23.9% 0.38 3.57
Atlantic cod 12 75.0 % 0.15 0.31
Carp 152 93.4 % 18.93 47.78
Pollack 31 51.6 % 1.23 0.31
Salmon 50 22.0% 1.89 11.31
Flatfish (plaice, sole) 41 61.0 % 0.25 0.87
Tuna 96 10.4 % 0.09 0.40
Shellfish 56 321% 0.74 5.22
Pangasius 49 32.7% 0.70 3.28
Other saltwater fish 12 66.7 % 0.66 2.74
Other freshwater fish 102 70.6 % 9.77 31.28
Offal from freshwater fish 19 100.0 % 12.87 29.46
Offal from saltwater fish 1 100.0 % 0.96 0.96

a A value was counted as determinable if at least one of the four PFAS was determinable in the sample.

Table 7: Concentrations for the sum of PFHxS, PFNA, PFOA and PFOS from the monitoring programs of
the German federal states by food group in the subgroups “Vegetables and vegetable products” and
“Milk and milk products” in pg/kg using LB

Total (PFHxS, PENA, PFOA, PFOS)

Proportion of de- Mean 95" percentile

Food group No. of samples terminable val- concentrations | concentrations
ues?® [uglkd] [Mo/kg]

Vegetables and vegetable
products, except algae, mush- 140 0.7% <0,01 0
rooms
Algae 23 65.2 % 0.54 2.64
Mushrooms 21 76.2 % 0.94 1.39
Milk 332 15.7 % 0.01 0.04
Processed milk 47 0.0 % 0 0

a A value was counted as determinable if at least one of the four PFAS was determinable in the sample.
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3.1.3.1.2 Consumption studies

A total of three different studies were used to determine consumption: The VELS study (con-
sumption study to determine the food intake of babies and infants for the assessment of the
acute toxicity risk from pesticide residues), the National Consumption Study Il (NVS II) and
the EsKiMo study (nutrition study as a module of the nationwide representative child and ad-
olescent health survey KiGGS). Each of these studies looks at a certain age group, so to-
gether the three studies cover an age range from half a year to 80 years. A description of the
individual studies can be found in Appendix A.

Preparation of the data

In all four data sets, composite foods and dishes were broken down into their ingredients,
e.g. rice or zucchini, in order to enable the best possible assignment to the concentration
data available at this level from the monitoring programs of the German federal states. In all
consumption studies, however, there are codes from the Federal Food Code (BLS) that con-
tain small proportions of ingredients from other food groups not taken into account, e.g.
brown bread with onions, which, in addition to the group “Cereals and cereal-based prod-
ucts”, also contains small proportions of the group “Vegetables and vegetable products”.

For each study, the mean daily consumption was calculated for all participants by adding up

all consumption events in each food group and dividing them at the end by the number of in-

terview days (one month in the case of Eskimo/DISHES, see Appendix A). Weekly consump-
tion was then determined by multiplying by 7.

3.1.3.2Exposure assessment

The exposure was calculated at the individual level by multiplying the individual mean weekly
consumption for each food group or food consumed by the mean PFAS concentration of the
corresponding food group or the corresponding food for each participant in each consump-
tion study. The respective tables show the key statistical figures (mean, median, 95" percen-
tile of the age groups considered in the consumption studies) for exposure at mean concen-
trations. The consumption of drinking water as a drink was not taken into account in the ex-
posure assessment. The consumption of all other beverages such as tea, coffee, juices, but
also mineral water - provided that concentration data were available - was included in the as-
sessment. Since recording in the VELS study does not differentiate between drinking and
mineral water, all drinking water consumption was assumed to be mineral water.

No exposure could be estimated for main food groups for which no analytical results were
available when using the concentration data from the monitoring programs of the federal
states. In main food groups in which only very little concentration data was available, these
were assigned to the total consumption amount of the respective main food group. Exposure
is shown below for the sum of PFHxS, PFNA, PFOA and PFOS.

The exposure assessment is given for the following age groups:
- Babies (VELS >0.5to <1 year)
- Infants (VELS 1 to 2 years)
- Other children
(3to 9 years: VELS 3 to 5 years, EsKiMo 6 to 9 years)
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- Adolescents
(10 to 17 years: EsKiMo 10 to 11 years, EsKiMo 12 to 17 years, NVS Il 14 to 17
years)

- Adults (18 to 64 years)

- Elderly (65 to 74 years)

- Very elderly (= 75 years)

These groups correspond to EFSA's commonly used age groups.
All exposure assessments are presented in nanograms per kilogram BW and per week
(ng/kg BW per week).

The high quantification limits for PFAS in food in the present data set (Table 3) lead to a high
proportion of data/analytical results below the quantification limits and to a comparatively
high exposure assessment in the UB. This results in large differences between the results of
the exposure assessments in the LB and in the UB. The exposure for all age groups is many
times higher in the UB. The exposure assessment in the LB is shown in the following tables.
The corresponding tables for the exposure assessment in the UB can be found in Appendix
B.

Table 8 shows the exposure using the consumption data from NVS Il and the concentration
data from the monitoring programs of the federal states in the LB. The median exposure is
4.4 ng/kg BW per week and the 95" percentile at 19.8 ng/kg BW per week. The mean value
is well above the median, which is due to some very highly exposed individuals. Men exhibit
higher exposure than women. There is hardly any difference in the median between the age
groups.

Table 8: Exposure to the sum of PFHXxS, PFNA, PFOA and PFOS for adolescents and adults in the German
population using data from the monitoring programs of the German federal states in the “Lower Bound”
(basis: NVS II; all respondents)

Total (PFHxS, PFNA, PFOA, PFOS)

Number Exposure
Population group of people [ng/kg bw per week]

Valid N Mean P50 P95
All (14-80 years) 13,926 8.0 4.4 19.8
Male 6,897 8.7 4.7 21.2
Female 7,029 7.4 4.1 18.6
Adolescents (14-17 years) 744 6.2 4.3 17.3
Adults (18-64 years) 10,525 8.0 4.4 19.8
Seniors (65-74 years) 2,008 8.5 4.4 21.3
Very old (= 75 years) 649 8.6 4.4 16.6

Table 9 shows the exposure using the concentration data from the monitoring programs of
the German federal states and the LB for adolescents from the EsKiMo sub-study for 12 to
17 year olds. The median is 10.5 ng/kg BW per week and the 95™" percentile is 27.7 ng/kg

BW per week.

Compared to the group of adolescents aged 14 to 17 years in NVS I, the adolescents’ age
group demonstrates significantly higher exposure. This is explained by two things: On the
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one hand due to the different age structure of the two studies (12-17 years vs. 14-17 years)
and on the other hand due to the different methodology in the two consumption surveys.

Table 9: Exposure to the sum of PFHxS, PFNA, PFOA and PFOS for adolescents in the German popula-
tion using data from the monitoring programs of the German federal states in the “Lower Bound” (based
on: EsKiMo 12-17 years; all respondents)

Total (PFHxS, PFNA, PFOA, PFOS)
Number of Exposure
Population group people [ng/kg bw per week]
Valid N Mean P50 P95
All (12-17 years) 1,351 12.9 10.5 27.7
Male 694 14.7 12.3 32.8
Female 657 11.0 9.1 23.0

Table 10 shows the exposure using the concentration data from the monitoring programs of
the German federal states and the LB for the EsKiMo sub-study for 12 to 17 year olds. At
10.5 ng/kg BW per week, the median exposure in this sub-study is the same as the median
from the sub-study dealing with 12 to 17-year-olds. “Other children” (6 to 9 years) have a
higher median exposure than “adolescents” (10 to 11 years) (8.8 ng/kg BW per week) with a
median of 11.6 ng/kg BW. Boys in this sub-study had a higher exposure (median 11.4 ng/kg
BW per week) than girls (median 9.7 ng/kg BW per week).

Table 10: Exposure to the sum of PFHxS, PFNA, PFOA and PFOS for children and adolescents in the Ger-
man population using data from the monitoring programs of the German federal states in the “Lower
Bound” (based on: EsKiMo 6-11 years; all respondents)

Total (PFHxS, PFNA, PFOA, PFOS)
Number of Exposure
people [ng/kg bw per week]
Population group
Valid N Mean P50 P95
All 1155 14.2 10.5 32.0
Male 587 15.6 11.4 38.9
Female 568 12.7 9.7 29.2
Adolescents (EsKiMo 10-11 years) 388 11.6 8.8 30.9
Other children (EsKiMo 6-9 years) 767 155 11.6 34.1

Table 11 displays the statistical key figures for exposure of children aged >0.5to 5 years
from the VELS study using the concentration data from the monitoring programs of the Ger-
man federal states and application of the LB. Due to their higher consumption in relation to
bodyweight, exposure is also higher for children of this age group than for adolescents and
adults. The median is 14.7 ng/kg BW per week. The exposure of infants is higher than that of
young children, which in turn is higher than the exposure of older children. With 15.5 ng/kg
BW per week, boys exhibit higher exposure than girls in this age group (13.8 ng/kg BW per
week).
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Table 11: Exposure to the sum of PFHxS, PFNA, PFOA and PFOS for children in the German population
using data from the monitoring programs of the German federal states in the LB (based on: VELS; all re-
spondents)

Population group Total (PFHxS, PFNA, PFOA, PFOS)
Number Exposure
of people [ng/kg bw per week]
Valid N Mean P50 P95
All 732 19.5 14.7 48.5
Male 368 20.7 15.5 50.4
Female 364 18.4 13.8 41.9

Other children

(VELS 3-5 years) 297 18.3 13.1 44.5
Infants (VELS 1-2 340 0.4 153 105
years)

Babies (VELS 95 0.4 103 s

>0.5—<1 years)

Exposure via individual main food groups

An overview of the exposure broken down by age group for consumers of the individual main
food groups can be found in Appendix C.

If one considers exposure separately according to main food groups, a very similar picture
emerges for all consumption studies. Measured by the median, the main food groups “Fish
and fish products” and “Meat and meat products” show the highest exposure for consumers
of the respective foods.

The main food group “Cereals and cereal-based products” also exhibits high levels of expo-
sure for their consumers. However, it should be noted that this is based only on 21 analytical
results with a single determinable concentration. The high consumption quantities within the
main food group “Cereals and cereal-based products” leads to a comparatively high expo-
sure in the LB (over 25 % of total exposure), while taking into account the mean value of
these 21 analytical results. This result is therefore subject to great uncertainties and contrib-
utes significantly to the uncertainties in the total exposure assessment.

Another main group that exhibits high exposure for its consumers when all consumption
studies are considered, is the main group “Eggs and egg products”.

Apart from that, the other main groups - if concentration data were available - exhibit lower
exposure.

Food groups with high contributions to exposure in highly exposed persons

In order to identify individual food groups that make a high contribution to exposure, the

5 %>2* of participants with the highest exposure were identified within each of the consump-
tion studies under consideration. Then the 10 food groups were determined which, on aver-
age, had the highest contributions to the total exposure for these participants.

24n VELS, due to the lower number of participants, a value of 10 % was used instead of the 5 % used
in the other studies
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An overview of the results of this evaluation can be found in Appendix D. Two food groups in
all age groups are among the ten foods with the highest contribution to the total exposure of
the highly exposed participants. These are “Meat from wild boar” and “Other freshwater
fish2°”. Also within these 10 food groups they belong to the five food groups with the highest
exposure. Almost all identified food groups concern foods of animal origin: other fish species
such as eel, carp, salmon, pollack and trout, but also meat and offal from other animals, e.g.
the liver of beef and veal, or the meat of game poultry. Most food groups represent seldom
consumed foods (proportion of consumers <1 %). Notable exceptions are beef and veal,
salmon, pollack and the group “Meat from other non-game poultry”2®, which in all consump-
tion studies shows more than 1% consumers.

In the EsKiMo sub-study, which surveyed the consumption of 12 to 17-year-old adolescents,
differences exist with regard to the food groups with the highest contributions to exposure
compared to other consumption studies, partly due to the methodology of the consumption
survey.

The main food groups “Cereals and cereal-based products” and “Eggs and egg products” are
also represented here among the 10 food groups with the highest contribution to total expo-
sure.

3.1.3.3Comparison with the EFSA opinion of 09/2020
Comparison of the data set and the methodological approaches in the exposure assessment

In both the present opinion and the EFSA opinion (EFSA 2020a), the same consumption sur-
veys are used for exposure assessment in Germany (VELS Study, EsKiMo Study and NVS
). In contrast, the two opinions differ in their concentration data used. The data set from the
current opinion is comparable to that of EFSA (2020a) with regard to the number of samples
and measurements: In the data set of the EFSA opinion there are 11,528 samples with a to-
tal of 97,448 measurements, while the data set of the present opinion contains 13,018 sam-
ples with 97,857 measured values. It should be noted that there is a considerable overlap be-
tween the two data sets. Data from Germany up to 2016 are either completely or at least par-
tially available in both data sets. Differences in the two data sets result from the fact that the
data set of the EFSA opinion also contains samples from other member states. In addition, it
was possible to include current data from the monitoring programs up to July 1, 2020 within
the present assessment. The proportion of analytical results from 2017 to 2020 is around

40 %.

Exclusion criteria (see 3.1.3.1.1) for inclusion of data into the exposure assessment were ap-
plied equally in both opinions with regard to the sampling reason, the level of quantification
limit and the 16 samples of milk. Differences in the approach between the two opinions result
from the fact that samples were included in the EFSA opinion provided that at least one of
the PFAS was measured (with the others assumed to be 0). In contrast, the present opinion
only includes samples for which results were available for all four PFAS of relevance to risk
characterisation.

25The group contains the species of freshwater fish for which insufficient samples were available when
the group was formed to justify a separate group, i.e. freshwater fish species other than eel, trout
and carp

26poultry except chicken, turkey and game
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Another difference is that in the present opinion some food groups had to be excluded for
which only insufficient numbers of concentration data were available. Inclusion of data from
other member states permitted potential consideration of these food groups in EFSA's expo-
sure assessment and/or separate consideration of the corresponding food groups.

The approach with which the concentration data was grouped and linked to the consumption
data in both opinions is very similar. In both cases, the main food groups (FoodEx Level 1)
were initially used and sub-groups were only formed for those food groups for which suffi-
cient concentration data was available. In both opinions these are “Meat and meat products”,
“Fish and fish products” and “Milk and milk products”. The present opinion includes “Vegeta-
bles and vegetable products”. However, concentration data were available in the two opin-
ions for different food groups within these main food groups.

In contrast to the present opinion, drinking water was evaluated as a separate food group in
the EFSA opinion. The quantities of drinking water used for the preparation of beverages are
also taken into account in the present exposure assessment insofar as concentration data
was available for the respective beverages. In the case of children (VELS Study), the
amounts of drinking water consumed were also taken into account, as these could not be
clearly distinguished from mineral water. They were assigned the PFAS content for mineral
water.

Comparison of concentration data

In general, the data from the present opinion show slightly higher percentages of food above
the quantification limit compared to the EFSA opinion, especially in food groups of animal
origin. In the EFSA data set, a higher proportion of values with 0 is included in the mean
value calculation in the LB, which - even with the same values for detectable concentrations -
leads to a lower mean value.

Differences result from the different exclusion criteria, but also from the fact that some foods
in Germany have higher concentrations than in the European comparison and due to a
higher proportion of values below the quantification limits in the EFSA data set for some food
groups.

When looking at the food groups with the highest concentrations, the data sets of both opin-
ions exhibit good comparability. The highest concentrations are shown both in the data ana-
lysed here from food monitoring in Germany and in the data analysis by EFSA (2020a) for
food of animal origin. Within the food groups, both data sets show that offal exhibits higher
concentrations than muscle meat. In the case of fish, the highest concentrations are rec-
orded in both data sets for the same species (carp and eel).

Comparison of the results of the exposure assessments

Table 12 shows a comparison of the present exposure assessments with the results of the
exposure assessment from EFSA’s opinion (EFSA 2020a). All results are shown in the LB.
Consumption studies from many member states were used in EFSA's opinion, shown here is
the range between minimum and maximum exposure assessments within the member
states, as well as the result using consumption data from Germany.
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The results of the exposure assessment using the concentration data from the monitoring
programs of the German federal states are within the range of exposure assessments based
on the consumption studies of the member states in EFSA’s opinion.

A direct comparison with the result of the exposure assessment by EFSA (2020a) using con-
sumption data from Germany demonstrates that the results from this opinion exhibit higher
exposures for most age groups. This can be explained by the higher average concentrations
in the data from the monitoring programs of the German federal states compared to EFSA’s
concentration data. The only exception are infants, for whom the EFSA exposure assess-
ment shows a significantly higher exposure. This is due to the higher concentrations in baby
food in the EFSA data set (2020a).

In the exposure assessments by EFSA (2020a) and in this opinion, comparable food groups
have the largest share of total exposure. These are mainly game, offal and various fish spe-
cies. In the case of game, particular mention should be made of wild boar meat, which has
the highest concentrations and contributes, to a large extent, to the exposure of those who
are highly exposed. In the case of animal offal, all exposure assessments show high expo-
sures for consumers of these foods. This is especially true for offal from game. In the case of
the various species of fish, particularly carp and eel are represented in both opinions with
high levels and a high contribution to exposure for highly exposed persons.

The differences result from the fact that in both opinions different food groups (except fish
and meat) are afflicted with very great uncertainties, because these food groups contain rela-
tively few and predominantly indeterminable values, so that the statistical indicators of the
concentrations are strongly dependent on whether individual determinable samples occur or
not. For example, the high contribution of “Cereals and cereal-based products” in the esti-
mate using the data from the monitoring programs of the German federal states results from
a single sample with a concentration above the quantification limit. In the EFSA data set,
there is also only one measured value in this group above the quantification limit; however,
the significantly higher number of 346 samples in this main food group results in a lower
mean exposure. On the other hand, the EFSA data set’s “Food for infants and small children”
group contains a single measured value above the quantification limit, while all concentra-
tions in the data set for this opinion are below the quantification limit. This means that the
contribution of the main food groups to the total exposure in the two estimates differ signifi-
cantly from one another. The results on the contribution of the main food groups to total ex-
posure are therefore subject to considerable uncertainty in both opinions and are not to be
regarded as meaningful, at least for main food groups with a small number of concentration
data.
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Table 12: Comparison of the exposure assessment for the sum of PFHxS, PFNA, PFOA and PFOS in the
present opinion with the exposure assessment from EFSA (2020a) in ng/kg BW per week (mean and 95"
percentile of consumption). The results of the exposure assessments are shown using the LB

Exposure
[ng/kg bw per week]
Mean 95" percentile
Age group
(Consumption Monitoring pro- EFSA %gSrA Monitoring pro- EFSA I(E(I;eSrA
study, age range grammes (Europe)? b grammes (Europe)? b
in years) many) many)
Infants
(VELS, 20.4 16.7-85.3 50.5 45.2 31.5-195.2 95.6
>0.5t0 <1)
'Z”)fa”ts (VELS , 1- 20.4 10.3-45.6 17.6 495 23.5-95.8 47.4
Other children
(VELS 3-5) 18.3 10.8 45.2 25.8
ot nid 5.9-21.5 18.6-67.8
ther children
(EsKiMo 6-9) 155 9.6 34.1 25.0
Adolescents (Es-
KiMo 10-11) 116 30.9
Adol s 7.4 20.2
olescen s-
KiMo 12-17) 12.9 2.9-10.6 27.7 8.9-36.5
Adolescents (NVS
Il, 14-17) 6.2 3.0 17.3 8.9
Adults
(18-64) 8.0 3.9-94 4.9 19.8 9.1-35.5 12.8
Elderly
(65-74 years) 8.5 5.0-14.6 6.4 21.2 12.3-39.1 16.7
>
very elderly (= 75 8.6 3.0-21.7 6.1 16.6 9.2-69.5 155
years)

aEFSA Exposure Assessment (2020a), the range of results is given using the consumption studies available from
the European member states (minimum - maximum)

PEFSA Exposure Assessment (2020a), the result is given using the available consumption studies from Germany
for the respective age groups

3.1.3.4 Uncertainties in the exposure assessment
Uncertainties in the concentration data

As already described in the chapter on concentration data, the proportion of concentrations
below the detection and quantification limit is high. There are large differences between the
main food groups. Sufficient samples were only available for the main groups “Meat and
meat products”, “Fish and fish products” and partially for “Milk and dairy products” as well as
“Vegetables and vegetable products” to enable a more differentiated analysis of the concen-
tration data of individual foods in these main food groups.

The small number of samples in some main food groups also means that individual values
can have a very high influence on the overall exposure, especially in the main food groups
with high consumption. For example, a single determinable sample in the main group “Cere-
als and cereal-based products” (out of a total of only 21 samples) leads to a high contribution
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from this main group to the total exposure, while this contribution is estimated to be signifi-
cantly lower in the EFSA opinion. The estimate of this main food group is therefore subject to
particularly high uncertainties.

Another example is the main group “Products for infants and toddlers” in the VELS study for
infants. No determinable concentrations are available for this group in this opinion, while in
the case of EFSA, one determinable value led to a significantly higher exposure. Accordingly,
considerable uncertainties exist in particular in the assessment of the contribution of high-
consumption food groups to total exposure, for which only limited concentration data are
available.

It should also be taken into account that for some main food groups no concentration data is
available at all. Therefore, only part of the total exposure is described, which results in a po-
tential underestimation of the exposure.

The high proportion of values below the detection and quantification limit in combination with
the high quantification limits leads to considerable differences between the exposure assess-
ment in the LB and in the UB. Since the exposure of the population can in principle lie within
the entire range between the two estimates, this leads to a very high level of uncertainty for
the exposure assessment and, as a result, also in the risk characterisation.

Uncertainties due to the regional distribution of concentration data

The BfR has statistically analysed the spatial uniform distribution of sampling intensity (sam-
ple size per spatial unit) on the basis of the PFAS concentration data in foods evaluated for
this opinion?’. In the combined analysis for all foods as well as in separate analyses for se-
lected food groups (wild boar, veal/beef, trout and carp), a statistically significant, geograph-
ically inhnomogeneous sampling intensity was identified for the study period. For three Ger-
man federal states, no measurements of PFAS concentrations in food were available. Sam-
pling intensity was then examined to identify any correlation to the proportion of measured
values above the detection and quantification limits?8. As a result, sampling intensity proved
itself to be a significant predictor for the proportion of detectable measured values.

There are thus indications of a geographically inhomogeneous sampling intensity and a cor-
relation between sampling intensity and concentration data. This could be explained by the
increased sampling of food in regions with known higher concentrations in food. The findings
could also be explained by a geographically differentiated selection of the sampled food
groups. Accordingly, it cannot be ruled out that in regions with higher expected PFAS con-
centrations in food, food groups were selected for which higher concentrations are usually
measured. In addition to the identified uncertainties regarding geographic aspects, potential
overestimation of PFAS concentrations may arise on the basis of the data from the German
federal states' food monitoring programs.

2’Square Test (Cressie, N. and Read, T.R.C., 1984) using 30 spatial squares over the entire study
area per study year.

28 inear models with the proportion of measurements above the detection and quantification
limits as a dependent variable and sampling intensity as an independent variable (“predic-
tor”).
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Uncertainties in consumption data

All three of the consumption studies used are comparatively old: All data were collected more
than ten years ago, and in the case of the VELS study more than 15 years ago. Consumption
habits may have changed since then, although it is unclear to what extent and in which direc-
tion this affects exposure.

The methodology in the consumption survey for the four (partial) studies is not identical. In
the EsKiMo sub-study for 11 to 17 year olds in particular, a different methodology was used
from the other three sub-studies, which makes it difficult to compare the results. The other
three (sub-) studies also differ in the methodology, but especially in the number of survey
days. While the NVS Il estimates are based on two 24-hour recalls, EsKiMo records the pe-
riod of the previous four weeks retrospectively. This affects the comparability of the results of
the exposure assessments using the various consumption surveys. This becomes particu-
larly clear when comparing the exposure assessments in overlapping age groups. Both in the
EFSA opinion (2020a) and in the exposure assessments of the present opinion there is an
overlap between the age groups of the NVS Il and the EsKiMo study in the age range of 14-
17 years. This means that there are two exposure assessments for this section of the adoles-
cent age group. In both cases, the assessment based on the EsKiMo study for mean con-
sumption is significantly higher than that of NVS Il (see Table 12). The difference illustrates
the influence of the method used to collect consumption data on the result of the exposure
assessment.

Conclusion of uncertainty analysis

Overall, there are great uncertainties in the exposure assessment, which is particularly evi-
dent in the large difference between the LB and the UB for the concentration data and, as a
result, for the exposure. The present exposure assessment can therefore only be viewed as
a rough estimate of the exposure for the population in Germany. There are considerable un-
certainties in particular with regard to the estimation of the contribution of high-consumption
food groups, for which only a small number of analytical results are available, to the total ex-
posure. EFSA concludes (also in comparison with data from HBM) for its data set that the LB
estimates reflect the exposure of the population better than the UB estimates. In the BfR’s
view, this applies to the same extent to the data from the food monitoring programs of the
German federal states, with the restrictions already described.

The results show that the food sampling in the present data set is not evenly distributed
across the federal states and regions in Germany. The cause of this heterogeneous sample
density could be risk-oriented sampling. The finding indicates that in areas with a higher
sample density, significantly higher proportions of concentration measurements are found
above the detection and quantification limits. This suggests that the average PFAS concen-
trations measured in the German federal states' monitoring programs should be viewed as
an overestimation of the average levels in Germany.

Furthermore, due to the assignment of food groups with large consumption quantities to con-
centration data with a very small number of samples and individual values above the quantifi-
cation limit, it can be assumed that exposure is still being overestimated in the LB; however,
it is unclear to what extent.

Comparison with the results of the French TDS (Riviere et al., 2014) also shows that the con-
centrations and exposure in that study are significantly lower than those presented here. This
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might be due to regional differences in the concentrations in food or to the sampling method.
Comparison with the results of the BfR MEAL study (“Meals for Exposure Assessment and
Analysis of Food”, the first German total diet study) will provide further information on this
question. However, comparison with the French TDS also indicates that the exposure as-
sessment presented here, like the EFSA assessment, may overestimate the PFAS uptake in
the average general population.

3.1.3.5Summary of the external exposure assessment

Overall, estimation of the external exposure to PFOS, PFOA, PFNA and PFHXS is associ-
ated with great uncertainties. In particular, statements on the contribution of different food
groups to the total exposure are still subject to considerable uncertainty.

As aresult, the BfR's current exposure assessment confirms the conclusions of earlier opin-
ions by the BfR and EFSA that the main food groups “fish and fish products” and “meat and
meat products” contribute significantly to exposure to PFOS, PFOA, PFNA and PFHXS.
Other animal products that have a smaller share of the total exposure are “eggs and egg
products” and “milk and milk products”. The role of plant-based foods in the total exposure to
the four PFAS can hardly be assessed on the basis of the available data, since the PFAS
levels in the vast majority of the plant-based foods examined are below the detection and
guantification limits of the currently used analytical methods. The BfR points out that drinking
water can also be relevant for exposure, but was not considered in the present opinion.

Food groups with a high contribution to consumer exposure are primarily foods with compar-
atively high concentrations that are only rarely consumed in most consumption studies, such
as wild boar, carp, eel, and other freshwater fish or offal. Some consumption studies identify
foods with a high contribution to total consumer exposure and which are consumed more fre-
guently as being beef and veal, salmon, pollack and the group “Meat from other non-game
poultry”.

As a result, the long-term exposure to PFOS, PFOA, PFNA and PFHXS through the con-
sumption of food other than drinking water in the LB in adults is in the range of 4.4 to 19.8
ng/kg BW per week (median to 95" percentile of consumption).

Overall, the exposure estimate for women is lower than for men in the LB (15 % lower for
mean consumption in adult women).

If adolescents aged 14 to 17 years from the study population of the NVS Il are considered
separately, the mean exposure is somewhat lower compared to adults (23 % lower expo-
sure). Adolescents aged 12 to 17 years and 10 to 11 years within the EsKiMo consumption
survey, on the other hand, have a significantly higher exposure than adolescents of the NVS
II (108 % and 87 % higher exposure). Here, too, the female participants are less exposed to
PFOS, PFOA, PFNA and PFHxS than the male participants (25 % lower exposure in 12 to
17-year-old participants in the EsKiMo consumption survey).

The exposure of younger children (1 to 9 years) to PFOS, PFOA, PFNA and PFHXS is signif-
icantly higher than the exposure of adults (factor 2 to 3) and is in the range (median to 95™
percentile) from 10.5 to 32.0 ng/kg BW per week (children 6 to 9 years, EsKiMo) or 14.7 to
48.5 ng/kg BW per week (children 1 to 5 years, VELS). Here, too, the exposure of the girls is
lower than that of the boys (11 % in the younger children to 19 % in the older children). The
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highest bodyweight-related exposure is 19.3 to 45.2 ng/kg BW per week (median to 95" per-
centile of consumption) in the age group of the infants (>0.5 to <1 year). It should be noted
that the consumption survey only takes into account non-breastfed babies.

The results of the exposure assessments in the LB and UB represent the upper and lower
limits of the range in which, given representative and complete data, the real level of expo-
sure can be expected. Since the PFOS, PFOA, PFNA and PFHXS concentrations in most
food groups within the present data set are, to a high percentage, below the detection and
guantification limits of the analytical methods currently used, large differences exist between
LB and UB estimates. The BfR shares EFSA's view (2020a) that the UB estimate represents
a considerable overestimation of the long-term exposure of the general population in this
case, also due to the high quantification limits. The results of the UB exposure assessments
in the present BfR results are higher by a factor of 3 to 12 than the LB results?®. The BfR
shares EFSA's view (2020a) that the LB exposure assessments based on the available data
represent a more realistic assessment of the external exposure via food compared to the UB
exposure assessments. This conclusion is supported by the results of the studies on the in-
ternal exposure of the general population, which is more compatible with the LB level of the
assessment of external exposure than with the UB.

Risk characterisation should therefore refer to the results of LB exposure assessments. This
is associated with a possible underestimation of the total exposure level. Other uncertainties,
on the other hand, tend to lead to the assumption that the LB exposure assessment still rep-
resents an overestimation of the real exposure situation. Due to these uncertainties, the pre-
sent exposure assessment can only be viewed as an approximate description of the real ex-
posure situation.

3.1.4 Internal exposure in Germany

The internal exposure of the PFAS accumulating in humans can be determined individually
by taking a blood sample and obtaining serum or plasma. Due to the high persistence, these
levels are a good measure of the total exposure in the body via all intake routes (“body bur-
den”). They not only reflect the individual internal exposure, but also provide a picture of the
current exposure in the population when a representative number of samples are examined.
In general, at the current detection limits, the compounds PFOA, PFOS, PFNA and PFHxS
can be quantified in blood serum or plasma when the exposure is at background level. For
this reason, too, these four compounds were used by EFSA for its 2020 assessment. EFSA
used data from an epidemiological study on the vaccination response of one-year-old chil-
dren as critical effect. Using benchmark dose modelling, a critical internal PFAS exposure
level of 17.5 ug/L was calculated for the sum of these four PFAS (“PFAS sum”) as a refer-
ence point for this age group and used for the subsequent derivation of a TWI. In a further
modelling step, the maternal exposure level corresponding to the exposure level of the one-
year-old child was derived (PFAS sum 6.9 ug/L), which enables the mother to breastfeed for
one year without her child’s exposure exceeding the level of 17.5 pg/L. In a last modelling

2Adults, NVS 11: UB exposure higher by a factor of 5 to 12 than in the LB (factor 6.9 in mean, 11.6 in
median, 4.9 in P95); Adolescents NVS II: UB exposure higher by a factor of 3 to 12 than in the LB
(6.5 in mean, 12 in median, 3 in P95); Adolescents EsKiMo 12-17 years UB exposure higher by a
factor of 6 to 8.4 than in the LB (factor 7.4 in mean, 8.4 in median, 6 in P95), adolescents EsKiMo
10-11 years UB exposure higher by a factor of 5 to 11 (factor 8.2 in mean, 10.7 in median, 4.9 in
P95), (see Appendix B)
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step, the TWI was derived as the weekly intake of the PFAS sum, which does not result in
the sum PFAS exposure level of 6.9 pg/L being exceeded in women aged 35.

At the end of the risk assessment, the important question is to what extent certain population
groups exceed the TWI. However, in the case of the PFAS assessment, the question on the
extent to which the blood serum concentration (internal exposure), on which the TW1 is
based, is exceeded among adults (PFAS sum 6.9 pg/L) is also important for two reasons: On
the one hand, the TWI derived from the blood serum concentration is subject to higher uncer-
tainties than the underlying blood serum concentration of 6.9 pg/L itself, because an addi-
tional modelling step was required for its derivation. On the other hand, there are great un-
certainties in the external exposure estimate (see 3.1.3.4). For this reason, an estimate of the
proportion of the population in Germany who currently have internal exposure above the
blood concentration of 6.9 ug/L, corresponding to the TWI, is made on the basis of the avail-
able data for internal exposure. The BfR sees this estimate as a reliable addition to the
health risk assessment based on external exposure.

3.1.4.1 Adult internal exposure data

The following is a presentation and assessment of the data situation for internal PFAS expo-
sure in Germany. First of all, it should be noted that the concentrations measured in se-
rum/plasma have decreased significantly over the past few decades. Data from the Federal
Environmental Specimen Bank show that since 1986 the exposure to the compounds with
the highest levels in serum has decreased by more than 70 % (PFOA) or more than 90 %
(PFOS) (Umweltbundesamt 2020, Gockener et al., 2020). Current data (from 20 to 29 year
olds from Munster) originate from 2017 and 2019 (n=20 each) with median values of 1.7 pg/L
(PFOA), 2.6 pg/L (PFOS), 0.4 ng/L (PFNA) and 0.5 pg/L (PFHxS) (n=40, Gockener et al.,
2020 and Supplement). A median of 5.8 pg/L (maximum 16.3 pg/L) is calculated for the
PFAS sum.

A larger number of samples from adults were examined in 2016 (Fromme et al., 2017). The
158 subjects examined as a control group were healthy blood donors from Munich. The me-
dian values were 1.1 pg/L (PFOA), 2.1 pg/L (PFOS), 0.4 pg/L (PFNA) and 0.5 pg/L (PFHXS).
From the individual data kindly made available by Prof. Fromme, a median for the PFAS sum
of 4.1 pg/L (maximum 23.3 pg/L) was calculated.

In the BfR's RBVD study (Risks and Benefits of a Vegan Diet, Weikert et al., 2020), PFAS
was also studied in the 72 test subjects from Berlin examined in 2017%° (Menzel et al., 2021).
The median values were 1.6 pug/L (PFOA), 2.7 pg/L (PFOS), 0.3 pg/L (PFNA) and 1.8 pg/L
(PFHxXS). A median for the PFAS sum of 7.1 pg/L (maximum 21.6 pg/L) was calculated. Half
of the study group consisted of persons with a mixed diet and half were vegans. Those with a
mixed diet had significantly higher values for PFOS (median 3.6 vs. 2.3 pg/L) and PENA (me-
dian 0.41 vs. 0.12 ug/L) compared to the vegans. The PFAS sum did not differ significantly in
the two groups (median 7.7 vs. 6.4 pug/L, p = 0.33). Possible causes for the observed differ-
ences are discussed in the work (Menzel et al., 2021).

When comparing the study results from Munich (Fromme et al., 2017) and Berlin (Menzel et
al., 2021), a significantly higher internal exposure is noticeable among the Berlin test sub-
jects (median PFAS total 4.1 vs. 7.1 pg/L). The study groups did not differ significantly in age

%0The analyses were carried out in the same laboratory of the Bavarian State Office for Health and
Food Safety as the analyses in the study by Fromme et al., (2017).
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(median 39.5 vs. 38.0 years), in the gender ratio (m82: w76 vs. m36: w36) and in the year of
the study (2016 vs. 2017); in addition, the samples were analysed in the same laboratory us-
ing the same methodology. Due to the design of the study, the doubtless higher proportion of
vegans in the Berlin study (50 %) even has a dampening effect on the difference. Examina-
tion of the four individual PFAS shows that in the Berlin group PFOA (median + 43 %) and
PFOS (median + 32 %) were moderately higher, while PFHXS (median + 269 %) was signifi-
cantly higher when compared to the Munich test subjects. One can only speculate about the
reasons for the differences. For example, regional differences in the PFAS concentrations in
drinking water, as well as differing food preferences may be of relevance. Several studies
also found positive associations with socio-economic status, for example in the German envi-
ronmental survey among children and adolescents (GerES V, Duffek et al., 2020, see be-
low). Since the social status was not ascertained during the examination of the blood donors
in Munich, no comparison can be made with the Berlin group for this parameter.

According to the results of numerous studies, women have significantly lower PFAS expo-
sure than men. This is probably due to several factors, such as physiological differences in-
cluding urinary excretion, due to menstruation as well as pregnancy and breastfeeding
(EFSA 2020a) or lower external exposure. In the Munich group (Fromme et al., 2017) the
median values for the PFAS sum were 5.3 pg/L (n=82 men) and 3.5 pg/L (h=76 women), in
the Berlin group (Menzel et al., 2021) 8.2 pg/L (n=36 men) and 6.0 pg/L (n=36 women).

The blood serum concentration of 6.9 pg/L, derived by EFSA (2020a) for the PFAS sum, re-
lates - as shown above - to the internal exposure of a woman, which enables her to breast-
feed for one year without her child exceeding the internal exposure level of 17.5 pg/L for the
PFAS sum. Therefore, when considering the internal exposure of the population, the propor-
tion of women of childbearing age (18 to 45 years) with PFAS sum blood serum levels above
6.9 ug/L is particularly relevant. For the three studies considered above, this proportion is
30 % (6 of 20, max. PFAS sum 16.3 pg/L, environmental specimen bank Minster
2017/2019), 2 % (1 of 52, max. PFAS sum 7.2 pg/L, Munich 2016) or 36 % (10 of 28, max.
PFAS sum 21.4 pg/L, Berlin 2017). These data indicate that there may be large regional dif-
ferences in PFAS exposure and that a major, representative study on internal PFAS expo-
sure is required in order to make more precise statements about the proportion of women in
Germany who have blood serum concentrations above 6.9 pg/L. Relevant data will probably
only be forthcoming from the Health and Nutrition Study in Germany (gern study), which will
medically examine 12,500 adults nationwide over a period of two years. The start of the
study jointly carried out by the Robert Koch Institute and the Max Rubner Institute has been
postponed in 2020 due to the coronavirus pandemic and has not yet taken place.

When interpreting the figures mentioned, it should be remembered that the blood serum con-
centration of 6.9 pg/L for the sum of the four PFAS is not the measure of a critical exposure
with regard to women's health, but that exposure below this value permits prolonged breast-
feeding without infants exceeding the critical internal PFAS exposure level of 17.5 pg/L at the
end of the breastfeeding period. According to a current data collection, 41 % of the infants in
Germany are still (partially) breastfed (in addition to complementary food) at the end of the
first year of life (Kersting et al., 2020). From the study data on internal exposure presented
above (rough assumption: 25 % of women are above the internal exposure level of 6.9 ug/L),
it can therefore be roughly estimated that currently around 10 % of infants among the general
population in Germany may exceed the PFAS sum of 17.5 pg/L at the age of one year. Due
to the sometimes significantly higher exposure of mothers in regions with a high additional
release of PFAS into the environment, it is to be expected that the proportion of affected in-
fants who have been breastfed for a long time is correspondingly higher there.
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3.1.4.2 Data on internal exposure of children

Relatively current and representative data on internal PFAS exposure of 1109 children and
adolescents aged 3 to 17 years from Germany for the years 2014-2017 are available from
the German environmental study on the health of children and adolescents (GerES V)
(Duffek et al., 2020). The median values were 1.3 pug/L (PFOA), 2.4 ug/L (PFOS) and 0.4
Hg/L (PFHxS), the median of PFNA was below the quantification limit. The values for the 95"
percentile were 3.2 pug/L (PFOA), 6.0 pg/L (PFOS), 0.7 pg/L (PFNA) and 1.3 pg/L (PFHXS).
The median value for the PFAS sum cannot be calculated because the individual values
were not published. Interpretation of the data for the age group is also not easy, since con-
centrations (especially in the first years of life) are heavily dependent on the length of breast-
feeding and overall on age, due to the different consumption quantities in relation to body-
weight and due to growth, which leads to a dilution of the concentrations in the blood. In ad-
dition, for young children only a few years old, the EFSA concept suggests orientation to-
wards the critical internal exposure level of 17.5 ug/L for PFAS sum, while for older (female)
adolescents, with a view to subsequent pregnancy and breastfeeding, orientation on the
blood serum concentration of 6.9 ug/L for the PFAS sum would have to be made. In its opin-
ion, EFSA modelled the expected development of PFAS concentrations during childhood for
children subject to both prolonged breastfeeding and formula-feeding (EFSA 2020a, Figure
14); it becomes clear that, depending on the level of PFAS exposure of the mothers, pro-
longed breastfeeding in particular is an important factor for high internal exposure in the first
years of life.

3.1.4.3Human biomonitoring values (HBM values)

In recent years, the German Human Biomonitoring Commission (HBM Commission) has
dealt intensively with the data situation on PFAS for various endpoints. In 2016 it derived
HBM-I values of 2 and 5 pg/L in blood plasma for PFOA and PFOS (Hdlzer et al., 2021). The
HBM-I value indicates the concentration of a substance in a body medium below which no
risk of health impairment is to be expected and therefore there is no need for action. In 2019
the HBM Commission derived HBM-II values for PFOA and PFOS of 5 and 10 ug/L in the
blood plasma for women of childbearing age, and of 10 and 20 ug/L for the other population
groups (Schimann et al., 2021). The HBM-II value indicates the concentration of a sub-
stance in a body medium above which there is an increased risk of adverse health effects
and therefore there is an acute need for measures to reduce exposure and for the provision
of medical advice.

For several reasons (different assessment concept, partly different study data and data inter-
pretation, individual values for PFOA and PFOS have been derived), the HBM values cannot
be compared directly with the blood serum concentration for the PFAS sum of 6.9 ug/L, on
which the EFSA TWI (2020a) is based. However, the HBM-I values for PFOA and PFOS
(with the largest proportions of internal exposure in terms of content) in sum meet the stated
EFSA value.

3.1.5 Risk characterisation
The risk characterisation is based on the TWI of 4.4 ng/kg BW per week for the sum of the
long-chain compounds PFOS, PFOA, PFENA and PFHxS (EFSA 2020a) and the exposure

estimate for the four PFAS using the data on their concentrations in food (excluding drinking
water) from the national food monitoring programs of the German federal states 2007 to
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2020. In addition to data from external exposure assessments, the BfR also uses current
published data on internal exposure in Germany for risk characterisation.

The TWI1 is based on the results of epidemiological studies in which statistical relationships
between concentrations of certain PFAS in the blood serum and reduced concentrations of
vaccine antibodies (antibody titres) after standard vaccinations3! were observed in children.
The comparison of the study data carried out by EFSA showed that long-term breastfed chil-
dren are most sensitive at the age of one year (Abraham et al., 2020). Using benchmark
dose modelling, a critical internal exposure level of 17.5 pg/L in blood serum was calculated
for the sum of the four PFAS as a critical reference point for the internal exposure of the in-
fant age group. With blood serum concentrations below this value, there is a high probability
that children will not have a 10 % or more decrease in antibody titres after vaccinations that
are caused by exposure to PFOS, PFOA, PFNA and PFHXS. Also for older children, who are
presumably less sensitive, this value of the sum of the four PFAS of 17.5 pg/L can, from the
BfR's point of view, be used as a reference point for the assessment of internal exposure in
the sense of a conservative approach. The immunological study data available to date for
adults and adolescents are not sufficiently conclusive to answer the question of whether this
value is also suitable for assessing internal exposure for these age groups.

When EFSA derived the TWI, a further modelling step was used to derive the internal mater-
nal exposure level (sum of the four PFAS 6.9 pg/L) corresponding to the critical internal ex-
posure level of the one-year-old child (sum of the four PFAS 17.5 ug/L), which enables the
mother to breastfeed for a year without her child exceeding the critical exposure level. How-
ever, if the internal exposure level of 6.9 pug PFAS/L blood serum is exceeded (slightly) in
adults, this does not mean that there is critical PFAS exposure with regard to the health of
the adult person. Which internal exposure level is to be regarded as critical in adults cannot
be derived from the immunological study data currently available.

Using a final modelling step, EFSA derived a weekly intake for the sum of the four PFAS (ex-
ternal exposure via food) as a TWI (4.4 ng/kg BW per week for the sum of the four PFAS),
which would not lead to the internal exposure level of 6.9 pg/L blood serum for the sum of the
four PFAS being exceeded in women, if they are subject to this weekly exposure up to the
age of 35.

The methodological approach used in deriving the EFSA's TWI takes into account the expo-
sure of breastfed infants by deriving a weekly lifelong intake that is based on the concentra-
tion of the four PFAS in the blood serum of 35-year-old women or the related concentration
in breast milk. The comparatively high external exposure of infants during the breastfeeding
phase should therefore not be compared with the TWI in the context of a health assessment.
Apart from this special case, the TWI derivation by EFSA includes all population groups.

Overall, the estimation of external PFAS exposure is associated with great uncertainties.
Since the concentrations in the majority of the studied foods in most of the food groups lies
below the detection and quantification limits of the analytical methods currently used, large
differences exist between LB and UB estimates. Results of the UB exposure estimates are
higher by a factor of 3 to 12 than in the LB. The BfR shares the assessment of EFSA (2020a)
that the exposure assessment in the LB currently represents a more realistic assessment of
the external exposure via food compared to the UB. The following risk characterisation there-
fore relates to the results of the exposure assessments in the LB.

31 standard vaccinations according to the recommendations of the Standing Committee on Vaccina-
tion (STIKO) at the Robert Koch Institute
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The mean value of the long-term exposure of adults in Germany to PFOS, PFOA, PFNA and
PFHXS through the consumption of food other than drinking water with mean concentrations
in the LB corresponds approximately to twice the level of the tolerable weekly intake derived
by EFSA (2020a) for the sum of these four compounds of 4.4 ng/kg BW per week (Tab. 8).
The median exposure of adults is in the range of the TWI. This means that the long-term ex-
posure to PFOS, PFOA, PFNA and PFHXS is above the TWI for around 50 % of the partici-
pants in the consumption study on which this exposure assessment is based*2. The median
exposure of adolescents also corresponds to the level of the TWI (when considering the ado-
lescents in the NVS Il separately) or twice the level of the TWI (when considering the adoles-
cents aged 10 to 17 years in the EsKiMo study). The high (95" percentile) long-term external
exposure of adults due to the intake of PFOS, PFOA, PFNA and PFHXs with food (mean
concentrations) corresponds to five times the level of the TWI, the high exposure (95" per-
centile) of_ adolescents is five to seven times the level of the TWI. The estimate of the exter-
nal exposure of younger children (1 to 9 years) to the sum of the four PFAS corresponds to
two to three times the level of exposure of adults, partly due to the higher consumption in re-
lation to bodyweight. The exposure of this age group with mean concentrations of PFOS,
PFOA, PFNA and PFHXS in food corresponds to about three times (median) to eleven times
(95™ percentile) the level of the TWI.

When assessing TWI exceedances in the age group of children, it must be taken into ac-
count that, according to a toxicokinetic modelling by EFSA (2020a), exposure that corre-
sponds to twice the level of the TWI at the age of 1 to 10 does not result in blood levels
above 17.5 pg/L. The data from current studies on internal exposure indicate that the blood
concentrations of the individual compounds PFOS, PFOA, PFNA and PFHXS in the 95" per-
centile lie below the sum proportions of these compounds of the BMDL; of 17.5 pg/L®*. Only
individual published maximum values of the blood concentrations of the individual com-
pounds of the children examined are well above these sum proportions of the BMDL;, of 17.5
pg/L (Duffek et al., 2020). The exceedance of the TWI, which was calculated to be up to
eleven-fold, due to external exposure via food in this age group is therefore not compatible
with the results for internal exposure.

» Inthe overall view of the results of the external and internal exposure assessment for
children in this age group at high exposure (95" percentile), the BfR therefore shares
EFSA's view that there is a possibility that the exposure of some children is at a level
associated with decreased concentrations of antibodies in the blood serum following
standard vaccinations.

Overall, the data of the external exposure assessment via food for adults are compatible with
the picture that emerges from the results of current studies on internal exposure to the four
PFAS in the blood serum of the adult population in Germany, although the internal exposure
is apparently somewhat lower than what could have been expected from the data on external
exposure.** In women of childbearing age from three German cities, it was found that be-
tween 2 and 36 % of these women had blood serum concentrations above 6.9 ug/L and were
thus subject to long-term exposure above the TWI. From this data (rough assumption: 25 %
of women are above the blood serum concentration of 6.9 ug/L), using current data on
breastfeeding behaviour, it can be roughly estimated that around 10 % of infants in Germany

32NVS Il, age 14 to 80 years.

33Sum proportions of PFOS, PFOA, PFNA and PFHXA in the blood serum concentration of 17.5 pug/L:
7.7 pg/L for PFOS, 8.5 pg/L for PFOA, 0.3 pg/L for PFNA and 1.1 pg/L for PFHXS (EFSA 2020a).

34Median values for the sum of PFOS, PFOA, PFNA and PFHXxA are 5.8 pg/L (Gockener et al., 2020),
4.1 pug/L (Fromme et al., 2017) and 7.1 pg/L (Menzel et al., 2021).
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at the age of one year may exceed the sum of the four PFAS of 17.5 pg/L (see 3.1.4.1.). With
these estimates it should be pointed out that the available data on internal exposure are not
based on representative data surveys for the total population in Germany and must therefore
be interpreted with caution.

» The overall view of the results of the external and internal exposure assessments for
adults and adolescents shows that the exposure to PFOS, PFOA, PFNA and PFHxS
in parts of the general population in Germany is at a level that can be associated with
a reduced concentration of antibodies in the blood serum after standard vaccinations
in long-breastfed*® infants in the first years of life.

» The BfR shares EFSA's view that this should be viewed as toxicologically adverse,
not only with regard to vaccination protection, but also with regard to the general im-
munological defence against other pathogens.

» So far, the epidemiological data is insufficient to assess whether these children with
high exposure to the four PFAS mentioned actually have a generally increased risk of
infection.

» At present, there is also insufficient data on the question of whether, at a respective
level of exposure, there can be effects on the level of vaccine antibody titres or a clini-
cally relevant functional restriction of the immune system (higher susceptibility to in-
fections, more serious infection processes) also in adults and adolescents.

» Possible risks from reduced formation of vaccine antibodies in children who have
been breastfed for a long time are countered by the numerous and well-studied ad-
vantages of long breastfeeding for both child and mother. The National Breastfeeding
Commission at the Max Rubner Institute has dealt with the risk-benefit assessment
and, given the current data, sees no reason to deviate from the existing breastfeeding
recommendation. Even worldwide, with knowledge of the findings on PFAS available
to date, no scientific committee has recommended restricting breastfeeding (MRI
2021).

3.2 Framework for action and recommendations

Consumers can hardly influence their exposure to PFAS as a ubiquitous environmental con-
taminant. The results of the present opinion show that the intake of PFAS with food should
be reduced. In principle, it is recommended to include drinking water as a source of expo-
sure.

From the results of the risk characterisation and the uncertainties presented both in the expo-
sure assessment and in the toxicological assessment, the BfR derives the following recom-
mendations:

» Toxicology

From the perspective of the BfR, there is a need for research to clarify the molecular mecha-
nisms of the toxicity of PFAS. On the one hand, this concerns the causes of the observed re-

3In the first year of life, infants should be breastfed, at least until the beginning of the 5" month
exclusively. Even after the introduction of complementary foods - no later than the beginning of the
7" month - infants should continue to be breastfed. The total duration of breastfeeding is determined
by mother and child https://www.gesund-ins-leben.de/fuer-fachkreise/bestens-unterstuetzt-durchs-1-
lebensjahr/handlungsempfehlungen/stillen/stilldauer/
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lationships between PFAS blood serum concentrations and reduced antibody titres after cer-
tain vaccinations in children, which are currently largely unclear at the molecular level. Fur-
thermore, the question has to be clarified, via which molecular mechanisms PFAS interact
with the immune system and negatively affect its function. Molecular immunological studies
can provide valuable information on whether and to what extent PFAS can have an influence
on various clinical pictures that are associated with the immune system (e.g. susceptibility to
infection or inflammatory diseases).

There is a need for further research to elucidate the molecular effects of PFAS on lipid me-
tabolism, in particular on cholesterol metabolism. Such studies could make a valuable contri-
bution to assessing the adverse nature of the observed effects of PFAS on lipid metabolism
in humans.

Overall, there is a need to expand the database on toxicology beyond PFOS, PFOA, PFNA
and PFHXxS for shorter-chain PFAS and other, exposure-relevant PFAS as well as with re-
gard to possible combination effects.

» Analytics

For the investigation of the levels of PFAS along the food chain, more sensitive methods for
the quantitative determination of PFAS must be developed. A high percentage of the PFAS
levels in the food groups examined is currently below the detection and quantification limits.
This leads to great uncertainties in the exposure estimates. Not only foods of animal origin
should be taken into account, but also plant-based foods, especially those that are widely
consumed. Since the contribution of feed to the exposure of farm animals to PFAS cannot be
ruled out in the case of food of animal origin, correspondingly sensitive analytical methods
should also be available for certain feed matrices (e.g. basic feed, compound feed). In the
future, the spectrum of the examined PFAS analytes should be continuously expanded to in-
clude the standard substances available on the market.

» External exposure

For all age groups of consumers, more data on PFAS levels in food are required for more re-
liable statements on the level of exposure and the relative contributions of individual food
groups.

In regions with special sources of entry of PFAS into the environment, comparatively higher
levels can result in regionally produced foods. When collecting data on the levels of PFAS in
food, it must be taken into account that these regions are not fully known. It is therefore not
possible on the basis of the available data to make a comprehensive statement about the
content of PFAS in foods without special sources of entry (the so-called background expo-
sure). In order to reduce these uncertainties in the data on the levels of PFAS in foods, spa-
tially representative sampling would be helpful in the context of studies on the levels of PFAS
in foods, especially in foods that are frequently consumed but for which little or no data are
currently available.

» Internal exposure and HBM
When estimating exposure, the determination of internal PFAS exposure is of particular im-

portance due to the long half-lives of many PFAS. For this purpose, from the perspective of
the BfR, representative HBM data for the population of Germany should be generated
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promptly for the levels of PFOS, PFOA, PFNA and PFHxS and other compounds from the
PFAS group.

» Human studies on the question of possible PFAS effects in humans

The current TWI derivation of EFSA (2020a) is based on the results of epidemiological stud-
ies in which associations between the blood serum concentrations of PFOA, PFNA, PFOS
and PFHxS and reduced vaccine antibody titres were observed in children. Overall, however,
the data situation still gives an incomplete picture. Further studies, especially with children at
the end of the first year of life who have been breastfed for prolonged periods, are necessary
in order to generally substantiate the evidence, to answer questions about the strength of the
effect of individual PFAS, and to elucidate the underlying mechanism of a reduced immune
response. The study should be prospective and include the recording of clinical aspects such
as an increased susceptibility to infection. Due to the generally lowered exposure level in
Germany, meaningful results can only be expected if the study focuses on regions that were
exposed to particularly high levels of PFAS contamination.

In addition to studies on the association between the blood serum concentrations of PFAS
and a reduced formation of antibodies in children after vaccinations, such effects should also
be investigated in more detail in the long-term in epidemiological studies in older population
groups.

New human studies should also be carried out to clarify possible further PFAS effects in hu-
mans, e.g. on the question of whether the observed associations between PFAS concentra-
tions and cholesteral levels in the blood are based on a causal relationship and whether or to
what extent this actually leads to an increased occurrence of cardiovascular disease and
type 2 diabetes.

» PFAS transfer along the food chain

Like other environmental contaminants, PFAS can accumulate via the path “soil - plants/feed
- farm animals” along the food chain and thus contribute to consumer exposure, especially
through the consumption of food of animal origin.

Currently there are hardly any reliable concentration data on background values in feed for
food-producing animals, which can serve as a basis for a realistic assessment of a transfer of
PFAS from feed to food of animal origin, taking into account both conventional husbandry
systems and those types of animal husbandry that take greater account of animal welfare re-
quirements.

To estimate the transition of PFAS from feed into food of animal origin - including PFAS other
than those assessed by EFSA (e.g. short-chain PFAS) and especially with a view to precur-
sor substances for the toxicologically relevant, long-chain PFAS - different experimental ap-
proaches must be pursued.

On the one hand, practical studies are necessary to generate the urgently needed back-
ground values for PFAS in food of animal origin, while taking into account the main types of
husbandry. These data on background concentrations in foods of animal origin form the in-
dispensable basis for a discussion on the derivation of maximum concentrations for foods of
animal origin. Initial discussions on this have already begun at EU level.
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Furthermore, targeted feeding experiments are to be carried out under controlled conditions,
which deal with the diverse and different metabolic behaviour of PFAS in different animal
species. The necessity of such investigations is based on the fact that the pattern of PFAS in
feed often differs considerably from the pattern of PFAS in food of animal origin. The first re-
sults of such experiments are available for selected animal species or types of production,
but require specific additions.
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Appendix A: Description of the individual consumption studies

VELS

Consumption data from the VELS study (consumption study to determine the food intake of
infants and toddlers for the assessment of an acute toxicity risk from pesticide residues) was
used as the basis for data on consumption for children under 6 years of age (Banasiak et al.,
2005). This nationwide study was carried out from 2001 to 2002 in Germany, covering 816
infants and young children aged from 6 months to under 5 years old. Parents kept 3-day nu-
tritional logs twice for each child on all food consumed. No children who were still breastfed
were included in the consumption survey. The intake calculation was based on consumption
data for children between the ages of 2 and 5 with an average bodyweight of 16.15 kg. Due
to the presence of single-day consumption data, two three-day nutritional protocols are suita-
ble for exposure assessments for both acute and chronic risks.

EsKiMo

EsKiMo (nutrition study as a KiGGS module) was carried out by the Robert Koch Institute
and the University of Paderborn as part of KiGGS, the nationwide representative children’s
and youth health survey, and financed by the Federal Ministry of Food, Agriculture and Con-
sumer Protection (Mensink et al., 2007). The EsKiMo study was carried out in 2006 with ap-
prox. 2,400 children and adolescents aged 6 to 17 throughout Germany. The survey was car-
ried out using two survey methods. With the help of their parents, the 6- to 11-year-old chil-
dren filled out a food diary on three consecutive days, in which they noted all the food they
had eaten and their quantities, along with details on preparation, etc. A “dietary history” inter-
view was undertaken with the 12 to 17 year olds with the help of the “DISHES” programme
and enquiries were made into their usual consumption over the last four weeks. In addition,
they also filled out a consumption frequency questionnaire. The methodology used for 12 to
17 year olds provides good estimates of the long-term intake of substances when grouping
foods into general categories or looking at foods that are consumed regularly. The methodol-
ogy used for 6 to 11 year olds is suitable for both exposure estimates for acute and chronic
risks due to the availability of consumption information on individual days.

National Consumption Study Il (NVS II)

NVS Il is currently the most recent representative study for food consumption in the German
population. The study, which surveyed about 20,000 individuals aged between 14 and 80 on
their eating habits using three separate survey methods (dietary history, 24-hour recall and
weighing protocol), was conducted between 2005 and 2006 throughout Germany (MRI
2008b, 2008a)

The analyses are based on the data from the two independent 24h-recalls from NVS II,
which were surveyed in a computer-aided interview using “EPIC-SOFT” (MRI 2008b, 2008a).
Data was evaluated from 13,926 people for whom both interviews were available. Due to the
presence of consumption data for individual days, the 24-hour recall method is suitable for
use in exposure assessments considering both acute and chronic health risks.
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Appendix B: Exposure assessment in the Upper Bound

Table B 1: Exposure to the sum of PFHxS, PFNA, PFOA and PFOS for adolescents and adults in the Ger-
man population using data from the monitoring programs of the German federal states in the UB (based
on: NVSII; all respondents)

Sum (PFHxS, PFNA, PFOA, PFOS)

Population group Number of people [ng/kgE)t()F\)/\?;gﬁNeek]

Valid N Mean P50 P95
All 13926 55.2 50.9 97.1
Male 6897 544 49.8 96.0
Female 7029 56.0 52.1 98.0
Adolescents (NVS II) 744 55.6 51.8 93.7
Adults 10525 54.9 50.6 97.2
Elderly (65-74 years) 2008 56.2 51.1 103.4
Very elderly (=75 years) 649 56.3 53.1 98.0

Table B 2: Exposure to the sum of PFHxS, PFNA, PFOA and PFOS for adolescents in the German popula-
tion using data from the monitoring programs of the German federal states in the UB (based on: EskKiMo
12-17 years; all respondents)

Sum (PFHxS, PENA, PFOA, PFOS)
Population group Number of people [ng/kg)és\(l):lélr’eweek]
Valid N Mean P50 P95
All 1,351 96.2 89.1 167.7
Male 694 100.7 93.6 171.8
Female 657 91.4 86.1 160.1
Adolescents (EsKiMo 12-17) 1,351 96.2 89.1 167.7

Table B 3: Exposure to the sum of PFHxS, PFNA, PFOA and PFOS for children and adolescents in the
German population using data from the monitoring programs of the German federal states in the UB
(based on: EsKiMo 6-11 years; all respondents)

Sum (PFHxS, PENA, PFOA, PFOS)

Population group Number of people [ng/k;ﬁwzgﬁveek]

Valid N Mean P50 P95
All 1,155 120.2 113.8 194.5
Male 587 125.7 118.8 211.0
Female 568 114.5 108.3 181.4
Adolescents (EsKiMo 6-11) 388 95.5 94.1 152.4
Other children (EsKiMo 6-11) 767 132.7 130.0 203.7
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Table B 4: Exposure to the sum of PFHxS, PFNA, PFOA and PFOS for children in the German population
using data from the monitoring programs of the German federal states in the UB (based on: VELS; all re-

spondents)
Sum (PFHxS, PFNA, PFOA, PFOS)
Number of peo- Exposure

Population group ple [ng/kg bw per week]

Valid N Mean P50 P95
All 732 194.6 180.0 326.0
Male 368 198.8 182.5 327.3
Female 364 190.5 176.4 322.8
Other children (VELS 3-5) 297 167.0 159.3 241.4
Toddlers (VELS) 340 196.9 190.4 294.9
Infants (VELS) 95 273.2 276.8 373.9
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Appendix C: Exposure according to main food groups

Table C 1: Exposure to the sum of PFHxS, PFNA, PFOA and PFOS via the respective food groups in ng/kg
bw per week for adolescents and adults in the German population using concentration data from the
monitoring programs of the German federal states (based on: NVS Il; only consumers). No concentration
data are available in the main food groups listed with “n/a”.

Sum (PFHxS, PFNA, PFOA, PFOS) | Sum (PFHxS, PFNA, PFOA, PFOS)
LB UB
Exposure [ng/kg bw per week]

Main food group Mean P50 P95 Mean P50 P95
Cereals and cereal-based 16 15 3.2 17.1 15.5 34.0
products
Vegetables and vegetable 03 <0.1 19 47 38 117
products
Sta_rchy roots or tubers and 0.1 0.1 0.2 75 6.3 170
their products
Legumes, nuts, oil seeds and
spices n/a n/a n/a n/a n/a n/a
Fruit and fruit products 0.2 0.2 0.6 6.3 4.9 16.5
Meat and meat products 3.5 0.5 12.2 6.0 3.0 16.9
Fish and fish products 7.6 3.5 195 10.4 6.4 25.8
Milk and milk products 0.1 <0.1 0.5 11.4 8.3 32.0
Eggs and egg products 0.8 0.5 2.6 2.0 1.3 6.3
Sugar, confectionery, and wa- 0 0 0 29 21 8.3
ter-based sweet desserts
ﬁillwslmal and vegetable fats and n/a n/a n/a n/a n/a n/a
Fruit and vegetable juices and n/a n/a n/a n/a n/a n/a
nectars
Water and water-based drinks? 0.1 <0.1 0.1 0.5 0.4 1.1
Coffee, cocoa and tea n/a n/a n/a n/a n/a n/a
Alcoholic drinks n/a n/a n/a n/a n/a n/a
Products for infants and tod- None None None None None None
dlers Con_sump- Con_sump- Con_sump- Con_sump- Con_sump- Con_sump-

tion tion tion tion tion tion
Vegan/vegetarian products n/a n/a n/a n/a n/a n/a
Sauces and condiments n/a n/a n/a n/a n/a n/a

a Without drinking water
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Table C 2: Exposure to the sum of PFHxS, PFNA, PFOA and PFOS via the respective food groups in ng/kg
bw per week for adolescents in the German population using concentration data from the monitoring pro-
grams of the German federal states (based on: EsKiMo 12-17 years; only consumers). No concentration
data are available in the main food groups listed with “n/a”.

Sum (PFHxS, PFNA, PFOA, PFOS) | Sum (PFHxS, PFNA, PFOA, PFOS)
LB UB
) Exposure [ng/kg bw per week]

Main food group

Mean P50 P95 Mean P50 P95
Cereals and cereal-based
products 3.0 2.8 5.7 31.2 29.0 59.8
Vegetables and vegetable 04 01 20 92 73 239
products
Starchy roots or tubers and
their products 0.1 0.1 0.3 104 8.7 235
Le_gumes, nuts, oil seeds and n/a n/a n/a n/a n/a n/a
spices
Fruit and fruit products 0.3 0.2 0.8 7.8 5.5 22.9
Meat and meat products 5.6 4.1 14.4 9.3 7.5 22.2
Fish and fish products 2.9 1.1 115 3.6 1.6 13.0
Milk and milk products 0.4 0.3 1.1 171 13.9 40.1
Eggs and egg products 1.1 0.8 2.9 2.6 2.0 6.9
Sugar, confectionery, and wa-
ter-based sweet desserts 0 0 0 56 4.2 15.5
Qillwslmal and vegetable fats and n/a n/a n/a n/a n/a n/a
Fruit and vegetable juices and n/a n/a n/a n/a n/a n/a
nectars
Water and water-based drinks? 0.1 0.1 0.2 0.7 0.6 15
Coffee, cocoa and tea n/a n/a n/a n/a n/a n/a
Alcoholic drinks n/a n/a n/a n/a n/a n/a
Products for infants and tod- no no no no no no
dlers consump- | consump- | consump- | consump- | consump- | consump-

tion tion tion tion tion tion

Vegan/vegetarian products n/a n/a n/a n/a n/a n/a
Sauces and condiments n/a n/a n/a n/a n/a n/a

aWithout drinking water
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Table C 3: Exposure to the sum of PFHxS, PFNA, PFOA and PFOS via the respective food groups in ng/kg
bw per week for children and adolescents in the German population using concentration data from the
monitoring programs of the German federal states (based on: EsKiMo 6-11 years; only consumers). No
concentration data are available in the main food groups listed with “n/a”.

Sum (PFHxS, PFNA, PFOA, Sum (PFHxS, PFNA, PFOA,
PFOS) PFOS)
LB UB
. Exposure [ng/kg bw per week]

Main food group

Mean P50 P95 Mean P50 P95
Sftrsea's and cereal-based prod- 3.8 3.6 6.6 39.9 37.6 69.8
L/stietables and vegetable prod- 0.4 <01 21 83 6.9 19.2
Starchy roots or tubers and their 0.2 0.1 0.4 13.0 10.8 314
products
Legumes, nuts, oil seeds and n/a n/a n/a n/a n/a n/a
spices
Fruit and fruit products 0.4 0.3 1.0 10.8 9.1 26.7
Meat and meat products 4.0 0.9 15.7 8.7 5.8 24.5
Fish and fish products 10.0 6.6 22.2 131 9.1 29.7
Milk and milk products 0.6 0.5 15 23.2 19.6 54.2
Eggs and egg products 1.8 1.4 5.2 4.4 3.4 125
Sugar, confectionery, and water- 0 0 0 10.1 73 305
based sweet desserts
,cb;i?slmal and vegetable fats and n/a n/a n/a n/a n/a n/a
Fruit and vegetable juices and
nectars n/a n/a n/a n/a n/a n/a
Water and water-based drinks? 0.1 0.1 0.1 0.6 0.5 1.2
Coffee, cocoa and tea n/a n/a n/a n/a n/a n/a
Alcoholic drinks n/a n/a n/a n/a n/a n/a
Products for infants and toddlers no con- no con- no con- no con- no con- no con-

sumption | sumption | sumption | sumption | sumption | sumption

Vegan/vegetarian products n/a n/a n/a n/a n/a n/a
Sauces and condiments n/a n/a n/a n/a n/a n/a

aWithout drinking water
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Table C 4: Exposure to the sum of PFHxS, PFNA, PFOA and PFOS via the respective food groups in ng/kg
bw per week for children in the German population using concentration data from the monitoring pro-

grams of the German federal states (based on: VELS; only consumers). No concentration data are availa-
ble in the main food groups listed with “n/a”.

Sum (PFHxS, PFNA, PFOA, PFOS) Sum (PFHxS, PFNA, PFOA, PFOS)
LB UB
Exposure [ng/kg bw per week]

Main food group

Mean P50 P95 Mean P50 P95
Cereals and cereal- 4.0 3.7 6.5 41.6 39.5 68.7
based products
Vegetables and vegeta- 0.7 <0.1 36 11.4 10.0 25.9
ble products
Starchy roots or tubers 0.2 0.2 0.5 16.8 14.9 38.4
and their products
Legumes, nut's, ol n/a n/a n/a n/a n/a n/a
seeds and spices
Fruit and fruit products 0.7 0.7 1.6 20.2 18.1 43.2
Meat and meat prod- 7.2 23 29.0 12.3 7.6 35.2
ucts
Fish and fish products 9.1 5.8 24.1 12.0 8.3 30.8
Milk and milk products 1.1 0.8 3.1 62.4 57.7 126.6
Eggs and egg products 2.3 1.9 6.3 5.5 4.5 15.1
Sugar, confectionery,
and water-based sweet 0 0 0 0.8 0.7 2.0
desserts
Animal and vegetable
fats and oils n/a n/a n/a n/a n/a n/a
.Fr.uit and vegetable n/a n/a n/a n/a n/a n/a
juices and nectars
Water and water-based
drinks? 0.1 0.1 0.2 0.8 0.7 2.0
Coffee, cocoa and tea n/a n/a n/a n/a n/a n/a
Alcoholic drinks n/a n/a n/a n/a n/a n/a
Products for infants and 0 0 0 26.9 17.0 82 2
toddlers
?J/St%an/ vegetarian prod- n/a n/a n/a n/a n/a n/a
Sauces and condi- n/a n/a n/a n/a n/a n/a
ments

a Without drinking water
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Appendix D: Food groups with high contributions to exposure in highly ex-
posed persons

Table D 1: Exposure to the sum of PFHxS, PFNA, PFOA and PFOS for the consumers of the ten food
groups with the highest proportions of mean intake in ng/kg bw per week for adolescents and adults in
the German population using concentration data from the monitoring programs of the German federal
states (based on: NVS II; only consumers)

N LB
No. | Food group Consumer
Mean P50 P95

1 Meat from wild boar 31 (<1 %) 241.8 180.2 558.7
2 Carp 22 (<1 %) 199.9 155.5 567.7
3 Sqt;‘l‘;’; offal from non-game mam- 42 (<1 %) 139.0 122.4 278.6
4 Other freshwater fish 52 (<1 %) 73.1 65.0 141.4
5 Pork liver 3 (<1 %) 22.1 29.6 30.4
6 Meat from other non-game poultry® 301(2 %) 14.4 11.0 41.5
7 Liver from beef/veal 75 (<1 %) 17.3 135 42.1
8 Eel 24 (<1 %) 16.5 14.9 34.5
9 Meat from game poultry 7 (<1%) 15.9 15.0 243
10 Salmon 745 (5 %) 7.7 5.9 21.3

a Offal excluding liver from mammals except from game
b Meat from poultry except chicken, turkey and game

Table D 2: Exposure to the sum of PFHxS, PFNA, PFOA and PFOS for the consumers of the ten food
groups with the highest proportions of mean intake in ng/kg bw per week for adolescents in the German
population using concentration data from the monitoring programs of the German federal states (based
on: EsKiMo 12-17 years; only consumers)

No. | Food group N L5

Consumer* Mean P50 P95
1 Carp 12 (<1 %) 12.3 11.2 37.8
2 Other freshwater fish 115 (9 %) 11.4 7.5 33.7
3 Meat from wild boar 10 (<1 %) 11.0 8.4 22,5
4 Other offal from non-game mam- 30 (2 %) 10.9 4.0 414

mals?

5 Meat from beef/veal 1,324 (98 %) 4.5 34 11.9
6 Cereals and cereal-based products 1,351 (100 %) 3.0 2.8 5.7
7 Pollack 533 (39 %) 1.4 0.9 3.6
8 Trout 62 (5 %) 1.3 1.0 3.3
9 Liver from beef/veal 9 (<1 %) 1.3 0.9 3.7
10 Eggs and egg products 1,350 (100 %) 1.1 0.8 29

a Offal excluding liver from mammals except from game
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Table D 3: Exposure to the sum of PFHxS, PFNA, PFOA and PFOS for the consumers of the ten food
groups with the highest proportions of mean intake in ng/kg bw per week for children and adolescents in
the German population using concentration data from the monitoring programs of the German federal
states (based on: EsKiMo 6-11 years; only consumers)

N LB
No. | Food group Consumer* Mean P50 P95
1 Other freshwater fish 12 (1 %) 89.2 80.8 215.0
2 Meat from wild boar 1(<1 %) 84.9 84.9 84.9
3 Meat from game poultry 2 (<1 %) 47.9 47.9 47.9
4 222; offal from non-game mam- 12 (1 %) 44.9 38.5 140.9
5 Meat from other non-game poultry® 24 (2 %) 20.2 17.1 44.9
6 Trout 11 (1 %) 12.7 14.9 19.9
7 Salmon 28 (2 %) 11.2 8.5 28.5
8 Liver from beef/veal 6 (<1 %) 9.9 114 14.9
9 Pollack 196 (17 %) 9.4 8.2 17.6
10 Meat from beef/veal 400 (35 %) 6.4 5.2 17.4

a Offal excluding liver from mammals except from game
b Meat from poultry except chicken, turkey and game

Table D 4: Exposure to the sum of PFHxS, PFNA, PFOA and PFOS for the consumers of the ten food
groups with the highest proportions of mean intake in ng/kg bw per week for children in the German pop-
ulation using concentration data from the monitoring programs of the German federal states (based on:
VELS; only consumers)

N LB
No. | Food group Consumer* Y- e o
1 Other freshwater fish 3 (<1 %) 87.7 110.2 117.3
2 Meat from wild boar 1(<1 %) 39.9 39.9 39.9
3 Meat from game poultry 101 (14 %) 24.1 19.7 60.9
4 Pollack 86 (12 %) 13.1 119 22.2
5 Trout 8 (1 %) 13.1 11.9 22.2
6 Eel 33 (5 %) 12.2 4.7 39.7
7 Salmon 23 (3 %) 12.7 4.1 44.7
8 Meat from other non-game poultry? 49 (7 %) 9.1 8.3 211
9 Meat from beef/veal 303 (41 %) 5.4 3.6 15.6
10 Other saltwater fish 112 (15 %) 5.0 4.5 10.0

d Poultry meat other than chicken and turkey and game
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