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To the Minister of Medical Care and Sports

from the Director of the Office for Risk
Assessment & Research

Advice on PFOA and GenX in food

Background

Perfluoroalkylated substances (PFASs) have been used, and are being used, in a
range of industrial and chemical applications, e.g. as processing aids in
impregnation agents for a wide range of products. The best known PFASs are
perfluorooctane sulfonic acid (PFOS) and perfluorooctanoic acid (PFOA).

PFASs are thermally and chemically stable and can be taken up and accumulate in
organisms. Their chemical properties and the widespread use led to worldwide
distribution in the environment and thus to human exposure. In many countries
there is pressure on industry to reduce, or even ban, the use of PFASs and to find
and apply alternatives.

GenX is such an alternative to the use of PFOA. It is a polymerisation aid that is
used for the production of fluoropolymers, such as Teflon® and denotes two
substances:

- ammonium 2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)propanoate

(FRD-902) and

- 2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)propanoic acid (FRD-903).
Under environmental and physical conditions (e.g. in water or blood) FRD-902 and
FRD-903 dissociate into the ion HFPO-DA (hexafluoropropyleneoxide dimer acid).
The HFPO-DA ion is relevant for toxicological effects. In this advice the HFPO-DA
ion is called GenX.

In the past, the companies DuPont/Chemours in Dordrecht and Custom Powders
in Helmond emitted PFOA and GenX to the air. As a consequence, the areas
around the sites of these companies have been polluted. In 2017 and 2018 the
‘Expertisecentrum PFAS’ has investigated the deposition of PFOA and GenX via air
in the surroundings of DuPont Chemours in Dordrecht! and Custom Powders in
Helmond?. PFOA and GenX were found to be present in soil and water due to air

1Report is available via

https://www.ozhz.nl/fileadmin/uploads/bodeminformatie/PFOA_in_bodem/Onderzoek_Expertisecentrum_-
Maart_2018

2First report is available via

https://www.helmond.nl/Media%20Helmond.nl/Documenten%20Helmond/Actueel/Nieuws/Nieuws%202018/2018

-10-23%20V0%20GenX%20en%20PFOA%20Helmond%20definitief%20incl%20bijlagen. pdf
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deposition and may thus enter the food chain. Livestock might be exposed if
polluted soil, grass or water is consumed?. Subsequently, consumers might be
exposed via the consumption of products of animal origin (e.g. dairy products or
meat), leading to a elevated risk for human health.

The Office for Risk Assessment & Research (BuRO) of the Netherlands Food and
Consumer Product Safety Authority (NVWA), therefore, investigated in a pilot
study in 2018 the presence of PFOA and GenX in feed and food. The results of this
study were used for a preliminary assessment to answer the question:

Is there a possible risk for human health due to exposure to PFOA and
GenX in food?

Approach

The sites of the companies DuPont/Chemours in Dordrecht and Custom Powders
in Helmond are two ‘hot spots’ related to PFOA and GenX emissions. BURO
requested the directorate Enforcement of the NVWA to collect egg, milk, cheese,
yoghurt and silage samples at farms in the vicinity of DuPont/Chemours in
Dordrecht and Custom Powders in Helmond. As a starting point, farms were
selected based on locations where soil samples were taken for air deposition
studies as performed by the ‘Expertisecentrum PFAS’. Subsequently, the
directorate Enforcement was requested to collect fish samples at a fishing pond in
the close vicinity of the site of Custom Powders in Helmond.

The collected samples were sent to Wageningen Food Safety Research (WFSR,
formerly known as RIKILT) for analysis. Next, BURO sent the results of the
analysis to the Front Office Food and Product Safety (FO) of the National Institute
for Public Health and the Environment (RIVM) addressing the following questions:

1. Describe the toxicology of PFOA and GenX.

2. Estimate the intake of PFOA and GenX by consumers based on the
measured concentrations of PFOA and GenX in dairy products, eggs and
fish.

3. Perform a risk assessment of PFOA and GenX in contaminated food of
animal origin.

4. Model the transfer of PFOA and GenX from ditch water to edible products
from lactating cows and sheep (milk and meat).

5. Estimate the intake of PFOA and GenX by consumers based on the
theoretical (modelled) concentrations in cow’s milk and meat and sheep’s
milk and meat.

6. Calculate the possible concentrations of PFOA and GenX in ditch water
when concentrations of PFOA and GenX occur at the analytical limit of
quantification (LOQ) of 0.01 ng/g in milk (based on reversed dosimetry
modelling).

7. Estimate the transfer of PFOA and GenX in silage to milk and meat from
lactating cows and sheep.

FO divided their report in two parts. Part one addresses questions 1 — 3 and part
two addresses questions 4 — 7. The FO risk assessments are added to this advice
as appendices 1 and 2. BURO used the FO risk assessments as a starting point for
this advice. However, BURO did not stick to the exposure assessment performed

Second report is available via
https://www.helmond.nl/Media%20Helmond.nl/Documenten%20Helmond/Actueel/Nieuws/Nieuws%202018/2019

-03-14%20Definitief%20onderzoeksrapport%20fase%202%20inclusief%20bijlagen%20SECURED. pdf
® The NVWA received questions from farmers who wanted to know if they could let their livestock drink with PFOA
or GenX contaminated ditch water.
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by the FO. BURO compared the actual PFOA and GenX exposure via the
consumption of products of animal origin to tolerable daily intakes (TDI)* of both
PFOA and the GenX.

Regarding PFOA and GenX, FO used the TDI as derived by RIVM in its risk
assessment. FO did not use the provisional TDI for PFOA as derived by the
European Food Safety Authority (EFSA) in 2018. According to FO the risk
assessments based on the TDI derived by RIVM should be considered provisional
until EFSA has finalized their evaluation on PFOA.

In this advice BURO uses the provisional TDI for PFOA provided by EFSA and the
TDI’s for PFOA and GenX provided by RIVM for the risk assessment. EFSA did not
derive a health based guidance value for GenX.

Findings
Toxicology PFOA

- After oral administration PFOA is readily absorbed in the gastrointestinal
tract in mammals, including humans, and distributed to plasma and liver.
PFOA is not metabolized and is excreted unchanged in urine and faeces.
PFOA crosses the placenta leading to prenatal exposure of the foetus.
PFOA is also present in breastmilk. The estimated half-life for PFOA in
humans is between 2 — 4 years.

- Short-term, subchronic and chronic oral PFOA toxicity studies using
experimental animals report developmental effects, liver and kidney
toxicity, immune effects and cancer (liver, testicular and pancreatic).
Developmental effects observed in animals include decreased survival,
delayed eye opening and reduced ossification, skeletal defects, altered
puberty and altered mammary gland developments.

Toxicology GenX

- The biokinetics of GenX were studied in rats, mice and monkeys. The
results indicate that GenX has lower potential for bioaccumulation
compared to PFOA in these species (half-lives in experimental animals
between hours and days for GenX and between hours and weeks for
PFOA). Data on the half-life of GenX in humans are lacking. Toxicokinetic
data indicate that GenX is mainly distributed to liver and blood.

- Apart from the tumorigenic response in rats, the main affected organs in
rodents resulting from repeated exposure to GenX are liver, kidneys,
haematological system and immune system.

Health based guidance values

- In 2016, RIVM derived a tolerable daily intake (TDI) for PFOA of 12.5
ng/kg body weight per day. Hepatotoxicity was considered by RIVM to be
the critical effect. In 2018, the EFSA Panel on Contaminants in the Food
Chain (CONTAM) derived a provisional TDI for PFOA of 0.8 ng/kg body
weight per day. The increase of serum cholesterol was considered by EFSA
to be the critical effect.

- For GenX, RIVM derived a provisional TDI of 21 ng/kg body weight per
day. An increase in albumin and albumin/globulin ratio in male rats was
considered the critical effect, possibly indicating immunotoxic effects.

Exposure assessment

- Table 1 provides an overview of the worst-case exposure of children (1-18
years old; average body weight 38.5 kg) and adults (19-79 years old;
average body weight 81.9 kg) to PFOA and GenX via the consumption of
contaminated milk (cow/sheep), meat (cow/sheep), cheese, yoghurt, egg,

4 A TDI estimates the amount of a potentially harmful substance or contaminant in food or water that can be
ingested per day over a lifetime without risk of adverse health effects.
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eel and carp. BURO assumed a high intake (P95) of these foods based on
the Dutch Food Consumption Survey 2012-2016. A further assumption
was that the PFOA or GenX concentration was equal to the quantification
limit if a PFOA or GenX concentration was reported to be below the

quantification limit.

Table 1. The exposure of children (1-18 years old) and adults (19-79 years old)
to PFOA and GenX via the consumption of contaminated milk (cow/sheep), meat
(cow/sheep), cheese, yoghurt, egg, eel and carp.

Concentration P95 consumption Exposure (ng/kg
(ng”/9) rate of food or body weight per
beverage (g/day) day)
Product PFOA GenX PFOA GenX
Milk 0.062 0.013 446.17 0.70 0.12
(cow)?
Milk 0.015 0.10° 446.17 0.12 1.16
» | (cow)
§ Milk 0.2 — 0.04 - 446.17 2.32 — 0.46 —
> | (sheep)? 0.74 0.144 8.11 1.62
® | Meat 0.282 0.063 15.57 0.11 0.02
= | (cow)?
N
c | Meat 0.24 0.044 15.57 0.08 0.02
® | (sheep)?!
= | Cheese 0.105 | 0.10° 44.17 0.11 0.11
O | Yoghurt 0.10° 0.10° 138.27 0.36 0.36
Egg 0.145 0.25° 20.37 0.07 0.13
Eel 0.05° 0.015 08 0 0
Carp 1.3% 4.7° 37° 0.87 3.15
Milk 0.06? 0.013 365.510 0.27 0.04
(cow)?
Milk 0.015 0.10° 365.510 0.04 0.45
o [(cow)
c | Milk 0.2 — 0.04 - 365.510 0.89 — 0.18 —
2 | (sheep)? 0.7* 0.144 3.12 0.62
Q| Meat 0.282 0.063 29.6%0 0.10 0.02
o L (cow)?
Z | Meat 0.24 0.044 29.610 0.07 0.01
£ | (sheep)*
g Cheese 0.10° 0.10° 68.71° 0.08 0.08
< | Yoghurt 0.10° 0.10° 189.5%0 0.23 0.23
Egg 0.145 0.25° 30.1%° 0.05 0.09
Eel 0.05° 0.015 30011 0.18 0.37
Carp 1.3 4.7° 10112 1.48 5.35

1Based on exposure through contaminated ditch water;
2Concentration calculated by FO via an adjusted transfer model for PFOS in dairy cows;
3Concentration reasoned by FO;

4Concentration estimated by FO based on experimental data from literature;
SConcentration < LOQ);

SPositive concentration (>LOQ);
"Data on usual intake based on high consumption from the Dutch Food Consumption Survey 2012-2016

by children (1-18 years old; average body weight 38.5 kg). Assumption that the same amount of milk or
meat is consumed regardless if it is from cow or sheep;
8Data on actual intake based on high consumption from the Dutch Food Consumption Survey 2012-2016
by children (1-18 years old; average body weight 38.5 kg);
9High consumption based on the Dutch Food Consumption Survey 2012-2016. Female consumers (9-18
years old; average body weight 55.2 kg);
1%Data on usual intake based on high consumption from the Dutch Food Consumption Survey 2012-2016
by adults (19-79 years old; average body weight 81.9 kg). Assumption that the same amount of milk or
meat is consumed regardless if it is from cow or sheep;
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11Data on actual intake based on high consumption from the Dutch Food Consumption Survey 2012-2016
by adults (19-79 years old; average body weight 81.9 kg);

12High consumption based on the Dutch Food Consumption Survey 2012-2016. Male consumers (51-79
years old; average body weight 88.8 kg).

Risk assessment

- The exposure to PFOA via the consumption of sheep’s milk and carp by
children and adults exceeds the provisional EFSA-TDI (0.8 ng/kg body
weight per day) for PFOA, indicating a possible risk for human health (see
also table 5 in substantiation).

- Both the TDI's for PFOA and the TDI for GenX are not exceeded after the
consumption of cow’s milk, meat (cow/sheep), cheese, yoghurt, egg and
eel by children and adults. The consumption of these products does not
pose a risk for human health (see also table 5 in substantiation).

- A calculated PFOA concentration of 810 — 1100 ng/L in ditch water could
lead to a PFOA concentration at the analytical limit of quantification (LOQ;
being 0.01 ng/g) in milk of dairy cows after the consumption of
contaminated ditch water (80 L or 110 L).

Answers to the questions
1. Is there a possible risk for human health due to exposure to PFOA and
GenX in food?

Despite the fact that the exposure of children and adults to PFOA via the
consumption of carp exceeds the provisional EFSA-TDI of 0.8 ng/kg body weight
per day, the risk for human health is expected to be low. A TDI is a health based
guidance value based on chronic (long term) exposure. The carp was caught in a
fishing pond in the close vicinity of the factory of Custom Powders in Helmond.
Fish from this pond will probably only, on occasion, be eaten by specific
consumers (sport fishermen) leading to acute (short term) exposure.
Furthermore, the risk assessment of carp was based on one fish and this fish does
not provide an overview of the PFOA distribution in fish from the fishing pond.

Based on a comparison with the provisional EFSA-TDI of 0.8 ng/kg body weight
per day, the exposure of children and adults to PFOA via the consumption of
sheep’s milk might pose a risk to human health. The risk assessment for sheep’s
milk is based on experimental transfer data from two sheep that do not show the
same kinetics. Compared to dairy cows, the transfer of PFOA to milk in sheep is
higher than one might expect. Therefore, no firm conclusion about the human
health risk can be drawn.

The exposure of children and adults to PFOA and GenX via the consumption of
cow’s milk, meat (cow/sheep), cheese, yoghurt, egg and eel does not pose a risk
for human health.

A calculated PFOA concentration of 810 — 1100 ng/L in ditch water would lead to a
PFOA concentration at the analytical limit of quantification (LOQ; being 0.01 ng/g)
in milk of dairy cows after the consumption of contaminated ditch water (intake of
80 L or 110 L). If the PFOA concentration is higher than 1100 ng/L contamination
of milk with PFOA may occur.

As no transfer model for GenX was available, no maximum GenX concentration in
ditch water that would lead to a GenX concentration in milk at the present
analytical limit of quantification (LOQ; 0.1 ng/g) could be calculated.
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Advice

To the minister of Medical Care and Sports

Initiate additional toxicological research to investigate the risk caused by exposure
to (mixtures of) PFAS substances; this because many PFAS substances are
already on the market, new PFAS substances are being developed, while currently
the main focus of regulatory and scientific authorities is on PFOS, PFAS and
GenX.

To the Head of Agency

e Monitor the presence of PFAS in food of animal origin to allow assessment of
the potential exposure of humans; this in spite of the fact that this preliminary
assessment does not indicate increased risks for human health due to the current
exposure to PFOA and GenX by food consumption in general

e However, inform the municipality of Helmond that increased health risk should
not be excluded after regular consumption of fish from the specific fishing pond in
the close vicinity of the factory of Custom Powders.

Yours sincerely,

Prof. dr. Antoon Opperhuizen
Director of the Office for Risk Assessment & Research
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SUBSTANTIATION

Background

Perfluoroalkylated substances (PFASs) are compounds consisting of a hydrophobic
alkyl chain of varying length and a hydrophilic end group (EFSA CONTAM Panel,
2018). PFASs are thermally and chemically stable. They have, therefore, been
used since decades in a range of industrial and chemical applications as
processing aids for impregnation of textiles, carpets, paper, packaging materials,
furniture, shoes, cleaning agents, paints and varnish, wax, floor polishing agents,
fire-extinguishing liquids, photo paper and insecticide formulations (EFSA, 2012;
EFSA CONTAM Panel, 2018). This widespread use led to their global distribution in
the environment including humans. The best known PFASs are perfluorooctane
sulfonic acid (PFOS) and perfluorooctanoic acid (PFOA). PFOA has an anionic head
group and belongs to the perfluoroalkyl carboxylic acids (PFCAs) (EFSA CONTAM
Panel, 2018).

GenX is a polymerisation aid that is used for the production of fluoropolymers,
such as Teflon®, without the use of PFOA (Beekman et al., 2016; Bokkers et al.,
2018; FO, 2019a). GenX is used to denote two substances:
- ammonium 2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)propanoate
(FRD-902) and
- 2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)propanoic acid (FRD-903).

Under environmental and physical conditions (e.g. in water or blood) FRD-902 and
FRD-903 dissociate into the ion HFPO-DA (hexafluoropropyleneoxide dimer acid).
The HFPO-DA ion is responsible for the observed toxicological effects (Bokkers et
al., 2018; FO, 2019a). In this advice the HFPO-DA ion is called GenX.

In the Netherlands, the companies DuPont/Chemours in Dordrecht and Custom
Powders in Helmond emitted PFOA and GenX in to the air. The emission of GenX
by DuPont/Chemours is ongoing. Consequently, the area around the sites of these
companies (soil, water and vegetation) is polluted (FO, 2019a).

Legislation

PFOA

Based on the REACH Regulation (Registration, Evaluation, Authorisation and
Restriction of Chemicals; Regulation (EC) No 1907/2006°%) PFOA is a persistent,
bioaccumulative and toxic (PBT) substance. In 2013 PFOA was included in the
Candidate List of Substances of Very High Concern (SVHC) for possible inclusion
into Annex XVI of the REACH Regulation. Annex XVI describes a list of substances
subject to authorisation.

Via Commission Regulation (EU) 2017/10008, PFOA was included in Annex XVII of
the REACH Regulation. Annex XVII describes restrictions on the manufacture,
placing on the market and use of certain dangerous substances, mixtures and
articles. From July 4" 2020 PFOA substances shall not

- be manufactured or placed on the market as substances on their own;

5 REGULATION (EC) No 1907/2006 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

of 18 December 2006 concerning the Registration, Evaluation, Authorisation and Restriction of Chemicals
(REACH), establishing a European Chemicals Agency, amending Directive 1999/45/EC and repealing Council
Regulation (EEC) No 793/93 and Commission Regulation (EC) No 1488/94 as well as Council Directive
76/769/EEC and Commission Directives 91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC.

6 COMMISSION REGULATION (EU) 2017/1000 of 13 June 2017 amending Annex XVII to Regulation (EC) No
1907/2006 of the European Parliament and of the Council concerning the Registration, Evaluation, Authorisation
and Restriction of Chemicals (REACH) as regards perfluorooctanoic acid (PFOA), its salts and PFOA-related
substances.
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- be used in the production of, or placed on the market in (a) another
substance, as a constituent (b) a mixture (¢) an article in a concentration
equal to or above 225 ppb of PFOA including its salts or 1000 ppb of one
or a combination of PFOA-related substances.

In the annex PFOA is specified as:

- PFOA (CAS No 335-67-1) and it salts

- Any related substance (including its salts and polymers) having a linear or
branched perfluoroheptyl group with the formula C7Fis- directly attached
to another carbon atom, as one of the structural elements.

- Any related substance (including its salts and polymers) having a linear or
branched perfluorooctyl group with the formula CsFi7- as one of the
structural elements, excluding:

0 CsFi7-X, where X = F, Cl, Br.
0 CsgF17-C(=0)OH, CgF17-C(=0)0-X’ or CgF17-CF2-X’ (where X’ = any
group, including salts).
There are a few exceptions where the restrictions will enter into force at a later
point in time:

- equipment used to manufacture semi-conductors and latex printing inks
(July 4t 2022).

- textiles for the protection of workers from risk to their health and safety,
membranes intended for use in medical textiles, filtration in water
treatment, production processes and effluent treatment and plasma nano-
coatings (July 4t 2023).

There are also some exceptions that are not restricted:

- PFOS and its derivatives, which are listed in Part A of Annex | to
Regulation (EC) No 850/20047.

- The manufacture of a substance where this occurs as an unavoidable by-
product of the manufacture of fluorochemicals with a carbon chain equal
to or shorter than six atoms.

- A substance that is to be used, or is used as a transported isolated
intermediate, proved that the conditions in points (a) to (f) of Article
18(4) of the REACH Regulation are met.

- A substance, constituent of another substance or mixture that is to be
used, or is used:

o In the production of implantable medical devices within the scope
of Directive 93/42/EECS3.

o In photographic coatings applied to films, papers or printing
plates.

o In photo-lithography processes for semiconductors or in etching
processes for compound semiconductors

- Concentrated fire-fighting foam mixtures that were placed on the market
before 4 July 2020 and are to be used, or are used in the production of
other fire-fighting foam mixtures.

Commission Regulation (EC) No 10/2011° states that PFOA can be used as a
polymer production aid only to be used in repeated use plastic articles that come
into contact with food, sintered at high temperatures.

PFOA is not listed in Regulation (EC) No 1881/2006'° setting maximum levels for
certain contaminants in food.

7 REGULATION (EC) No 850/2004 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

of 29 April 2004 on persistent organic pollutants and amending Directive 79/117/EEC.

8 COUNCIL DIRECTIVE 93/42/EEC of 14 June 1993 concerning medical devices.

9 COMMISSION REGULATION (EU) No 10/2011 on plastic materials and articles intended to come into contact with
food.

10 COMMISSION REGULATION (EC) No 1881/2006 of 19 December 2006 setting maximum levels for certain
contaminants in foodstuffs.
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GenX

The Netherlands (represented by the Dutch Ministry of Infrastructure and Water

Management) proposed "2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)propionic acid, July 16,2019

its salts and its acyl halides (covering any of their individual isomers and Our reference
combinations thereof)" to be identified as a SVHC. A dossier in accordance with NVWA/BURO/2019/4294
the requirements set out in Annex XV to REACH was prepared. Comments on this

dossier can be submitted by all interested parties before April 29" 20191, When

the public consultation is finalised and GenX is identified as a SVHC, it will be

added to the Candidate List for eventual inclusion in the Authorisation List.

Date

According to Commission Regulation (EC) No 10/2011'? perfluoro[2-(n-
propoxy)propanoic acid] or 2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)-propanoic
acid are only to be used in the polymerisation of fluoropolymers that are
processed at temperatures at or above 265 °C and are intended for use in
repeated use articles.

GenX is not listed in Regulation (EC) No 1881/200613 setting maximum levels for
certain contaminants in food.

Toxicology

Below a short summary of toxicology of PFOA and GenX is presented, extracted
from the report by the RIVM/RIKILT Front Office Food and Product Safety (FO).
More detailed information on PFOA and GenX can be found in the FO report
(Appendix 1)(FO, 2019a). Comprehensive reviews on the toxicity of PFOA are
available (US EPA, 2016; DWQI, 2017; ATSDR, 2018; EFSA CONTAM Panel,
2018). The description of the GenX toxicology is mainly based on data available in
the REACH registration dossier (Beekman et al., 2016; FO, 2019a).

PFOA

After oral administration PFOA is readily absorbed in the gastrointestinal tract in
mammals, including humans, and distributed to plasma and liver. PFOA is not
metabolized and is excreted unchanged in urine and faeces. PFOA crosses the
placenta leading to prenatal exposure of a fetus. PFOA is also present in
breastmilk. The estimated half-life for PFOA in humans is between 2 — 4 years
(EFSA CONTAM Panel, 2018). This half-life is rather long compared to the period
of several weeks which was reported for experimental animals (Zeilmaker et al.,
2016). In contrast to classic lipophilic organic pollutants (e.g. dioxins) PFOA
primarily binds to proteins instead of lipids (FO, 2019a).

Short-term, subchronic and chronic oral PFOA toxicity studies using experimental
animals report developmental effects, liver and kidney toxicity, immune effects
and cancer (liver, testicular and pancreatic). Developmental effects observed in
animals include decreased survival, delayed eye opening and reduced ossification,
skeletal defects, altered puberty and altered mammary gland developments (FO,
2019a).

Regarding PFOA toxicity, the liver is a target organ in rodents. PFOA is a ligand of
the nuclear receptor peroxisome proliferator activated receptor-alpha (PPARa) and
induces liver growth, proliferation of peroxisomes and inductions of peroxisomal
B-oxidation in rodents. Elevated peroxisomal B-oxidation in rodents may lead to

11 At https://echa.europa.eu/substances-of-very-high-concern-identification/-/substance-rev/22907/term

12 COMMISSION REGULATION (EU) No 10/2011 on plastic materials and articles intended to come into contact
with food.

13 COMMISSION REGULATION (EC) No 1881/2006 of 19 December 2006 setting maximum levels for certain
contaminants in foodstuffs.
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hepatic lipid peroxidation and subsequently to cell death and enhanced release of Research
liver transaminases (EFSA CONTAM Panel, 2018).

Date
PFOA has developmental neurotoxicity potential and widespread effects on the July 16, 2019
expression of genes relevant for signal transmission in the brain. Exposure of Our reference
rodents to PFOA during pregnancy led to increased liver weight in pups and NVWA/BURO/2019/4294

mothers (EFSA CONTAM Panel, 2018).

The International Agency for Research on Cancer (IARC) stated that there is
limited evidence for carcinogenicity in experimental animals and moderate
evidence for mechanisms of PFOA-associated carcinogenesis, including some
evidence for these mechanisms being operative in humans. PFOA was assigned to
group 2B as being possibly carcinogenic to humans (IARC, 2016; EFSA CONTAM
Panel, 2018). From in vitro and in vivo genotoxicity studies, there is no evidence
for a direct genotoxic mode of action of PFOA (FO, 2019a).

Human epidemiological studies report associations between PFOA exposure and a
number of disorders and diseases. The National Institute for Public Health and the
Environment (RIVM) reviewed these associations and concluded that the weight of
evidence was variable and that uncertainty remains about the causality of the
observed associations (Rijs & Bogers, 2017). In contrast, EFSA concluded that an
association between PFOA exposure and adverse affected serum antibody
response following vaccination in children is likely to be causal. For metabolic
outcomes, human epidemiological studies provide strong support for causal
associations between exposure to PFOA and increased serum levels of cholesterol
and support for a causal association between exposure to PFOA and increased
serum levels of the liver enzyme alanine transferase (ALT) (EFSA CONTAM Panel,
2018).

GenX

The majority of the toxicity studies using experimental animals are performed
with FRD-902. Read-across of the toxicological properties of FRD-902 to FRD-903
is justified (Beekman et al., 2016; FO, 2019a). Under environmental and physical
conditions (e.g. in water or blood) FRD-902 and FRD-903 dissociate into the ion
HFPO-DA (hexafluoropropyleneoxide dimer acid). The HFPO-DA ion is responsible
for the observed toxicological effects (Bokkers et al., 2018; FO, 2019a). In this
advice the HFPO-DA ion is called GenX.

The biokinetics of GenX were studied in rats, mice and monkeys (Gannon et al.,
2016). The results indicate that GenX has lower potential for bioaccumulation
compared to PFOA in these species (half-lives between hours and days for GenX
and between hours and weeks for PFOA) (FO, 2019a). Data on half-life on GenX in
humans are lacking. The limited data available suggests that GenX binds to fatty
acid-binding proteins in the liver (Sheng et al., 2018) and to serum proteins
(albumin) in blood. Although no data are available on a direct interaction of GenX
with albumin, toxicokinetic data illustrates that GenX mainly distributes to the
liver and the blood. Overall, tissue and serum concentrations are higher in males
compared to females, suggesting that females are able to eliminate GenX more
effectively (FO, 2019a).

Apart from the tumorigenic response in rats, the main affected organs in rodents
resulting from repeated exposure to GenX are the liver, the kidneys, the
haematological system and the immune system (FO, 2019a). With regard to
developmental toxicity, GenX crosses the placenta and distributes into the foetus
and causes early deliveries and decreased birth weight in pups without causing
severe parental toxicity at 100 mg/kg body weight per day. Information is
inconclusive with respect to potential effects to the reproductive system (FO,
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2019a). The observed liver effects are suggested to be (at least partly) explained Research
(directly or indirectly) by activation of the peroxisome proliferator-activated

receptor alpha (PPARQ), a biological pathway mainly responsible for lipid pate

metabolism (FO, 2019a). A recent study suggests that activation of PPAR July 16, 2019
signalling pathways is not solely responsible for the observed toxicity effects in Our reference
pregnant rats and their offspring exposed to GenX (Conley et al., 2019). NVWA/BURO/2019/4294

Health based guidance values

PFOA

In 2016, RIVM derived a tolerable daily intake (TDI) for PFOA, at 12.5 ng/kg body
weight per day (Zeilmaker et al., 2016). A TDI estimates the amount of a
potentially harmful substance or contaminant in food or water that can be
ingested per day over a lifetime without risk of adverse health effects.
Hepatotoxicity was considered to be the critical effect. Male CrL:CD®BR rats were
orally exposed to ammonium perfluorooctanoate concentrations of O, 1, 10, 30 or
100 ppm (equivalent to 0, 0.06, 0.64, 1.94 and 6.5 mg/kg body weight per day)
for 13 weeks (Perkins et al., 2004). After exposure for 4, 7 and 13 weeks
increased liver weights (absolute and relative) and increased hepatocyte
hypertrophy were observed at a dose of 10 ppm. When exposure was ceased the
effects were reversible. From this rat study a lowest observed adverse effect level
(LOAEL) and a no observed adverse effect level (NOAEL) can be derived, being 10
ppm (0.64 mg/kg body weight per day) and 1 ppm (0.06 mg/kg body weight per
day). The PFOA serum concentration in rats related to the derived NOAEL was 7.1
pg/ml. RIVM translated the rat NOAEL to a Human Equivalent Dose for semi-
chronic intake, being 0.001 mg/kg body weight per day. RIVM applied an
assessment factor of 1 for interspecies differences, because rats are more
sensitive to hepatotoxicity compared humans. RIVM also applied an assessment
factor of 10 for intraspecies differences, resulting in a semi-chronic health based
guidance value of 0.0001 mg/kg body weight per day (100 ng/kg body weight per
day, corresponding to a human serum concentration of 710 ng/ml). An additional
assessment factor of 8 was applied to translate the semi-chronic to a chronic
health based guidance value of 12.5 * 10-® mg/kg body weight per day (12.5
ng/kg body weight per day, corresponding to a human serum concentration of 89
ng/ml).

In 2018, the EFSA Panel on Contaminants in the Food Chain (CONTAM) derived a
provisional tolerable weekly intake (TWI) for PFOA, being 6 ng/kg body weight per
week (EFSA CONTAM Panel, 2018). A TWI estimates the amount of a potentially
harmful substance or contaminant in food or water that can be ingested per week
over a lifetime without risk of adverse health effects. A TWI is usually calculated
for substances that are persistent (i.e. having a long half-life).

The increase of serum cholesterol is considered to be the critical effect. EFSA used
the data of two studies (Steenland et al., 2009; Eriksen et al., 2013) on serum
cholesterol to perform benchmark dose (BMD) modelling. The BMD modelling
resulted in an estimated chronic daily intake of about 0.8 ng/kg body weight per
day. This was considered to be an appropriate reference point for the
establishment of the TWI (6 ng/kg body weight per week = 0.8 * 7). EFSA
decided not to apply any additional uncertainty factor because the BMD modelling
was based on large epidemiological studies from the general population, including
potentially sensitive subgroups. EFSA also took into account that the BMD
modelling was performed on risk factors for disease rather than disease (EFSA
CONTAM Panel, 2018). How this was done is not further substantiated in the
opinion.
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Instead of the EFSA approach RIVM, ECHA'* (European Chemicals Agency) and
Danish EPA'> have used a different approach for deriving a health based guidance
value for PFOA (Danish EPA, 2015; ECHA, 2015; Zeilmaker et al., 2016). These
different approaches were discussed during an expert meeting (EFSA, 2018). With
regards the derived TWI by EFSA, RIVM identified three main issues:
- The suitability of the information in the epidemiological studies available
for deriving a Point of Departure (PoD).
- The assumptions made in the derivation of the PoD.
- The inconsistency of the applied BMD analysis with the existing EFSA
guidance.
In general, RIVM follows the health based guidance values set by EFSA. However,
due to the above mentioned difference and the ongoing evaluation by EFSA, RIVM
maintains its own TDI for PFOA presently. Risk assessments based on this value
should be considered provisional until the EFSA evaluation is finalised (FO,
2019a).

GenX

RIVM derived a provisional TDI of 0,000021 mg/kg body weight per day (i.e. 21
ng/kg body weight per day). A NOAEL of 0,1 mg/kg body weight per day was
considered as the point of departure (POD). The NOAEL, for a chronic oral gavage
study in rats, is based on an increase in albumin and the albumin/globulin ratio in
male rats. This effect indicates possible immunotoxic effects (Beekman et al.,
2016). In agreement with the REACH guidance RIVM applied the following
assessment factors to the oral NOAEL (Janssen et al., 2017):

- Standard interspecies for differences in kinetics 4

- Additional factor for potential kinetic differences 66
- Interspecies remaining toxicodynamic differences 1,8
- Intraspecies factor human 10

Livestock exposure

PFOA and GenX in ditch water and silage

Single samples of ditch water were taken at five different sites within a distance
(radius) of four kilometres from the Dupont/Chemours factory in Dordrecht (van
Poll, 2018). The average concentrations PFOA and GenX at these sites are given in
table 1.

14 1n 2015, the committee for risk assessment (RAC), established a ‘Derived No Effect Level’ (DNEL) of 800 ng/mL
serum for PFOA for the general population (ECHA, 2015). The DNEL was based on a study with mice where a
decreased pup growth rate in the order of 25-30% during post-natal days 13-23 was observed at doses of 3
mg/kg/day and higher, leading to a NOAEL of 1 mg/kg/day. The corresponding NOAEL in serum was
approximately 20,000 ng/mL. RAC used a total assessment factor of 12.5 (2.5 x 5), resulting in a worker DNEL of
1600 ng/mL serum. The corresponding DNEL for the general population was 800 ng/mL serum, using an
intraspecies assessment factor of 10 (total assessment factor 2.5 x 10).

15 The Danish EPA referred to the 2014 assessments by the US EPA (US EPA 2014a,b) to establish TDIs for PFOS
and PFOA. The endpoint of liver toxicity in rats was used to derive TDIs of 0.03 pg/kg bw per day and 0.1 pg/kg
bw per day for PFOS and PFOA, respectively. Human studies were considered in the Danish EPA 2015 assessment,
however they were not considered to be adequate.

Office for Risk Assesment &
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Table 1. Average PFOA- and GenX-concentrations in ditch water (ng/L) at five
different locations around the factory in Dordrecht.

Location Distance (km) PFOA (ng/L) GenX (ng/L)
number

8 <1 4670 956.5

6 1-2 660.5 133.5

4 1-2 556 97.5

3 2-3 172.5 24.5

10 34 40.5 9.7

The Netherlands Food and Consumer Product Safety Authority (NVWA) took ten
samples of silage at farms in the vicinity of Dordrecht and Helmond. No GenX
could be detected in these samples (<250 ng/kg). PFOA could only be detected in
two samples in the vicinity of Dordrecht, concentrations were 540 and 600 ng/kg
(measurements on basis of whole product).

Exposure of lactating cows
FO calculated the average intake of PFOA and GenX via ditch water by lactating
cows (600 kg) assuming:
1. Maximum exposure — highest PFOA (4670 ng/L) and GenX (956.5 ng/L)
concentration.
2. A maximum drinking water consumption of 110 L per day for mature
lactating cows (weight 600 kg; milk yield 35 kg per day)
3. Cows solely consume contaminated ditch water.
The average intake of PFOA by lactating cows is approximately 510,000 ng PFOA
per day (=110 * 4670) and the average intake of GenX is approximately 110,000
ng GenX per day (=110 * 956.5).

FO also calculated the average intake of PFOA via silage by lactating cows
assuming:

1. Silage intake during winter time (worst case scenario). An average of 25

to 38.5 kg (grass) silage per day wet weight is consumed.

2. Cows solely consume contaminated silage.
The average intake of PFOA by lactating cows based on a worst case scenario is
approximately 23,000 ng PFOA per day (=38.5 * 600).
FO did not calculate the average intake of GenX via silage by lactating cows as
GenX was not detected (<250 ng/kg).

Exposure of lactating sheep
FO calculated the average intake of PFOA and GenX via ditch water by lactating
sheep (60 kg) assuming:

1. Maximum exposure — highest PFOA (4670 ng/L) and GenX (956.5 ng/L)

concentration.

2. A daily drinking water consumption of 6 L per day.

3. Sheep solely consume contaminated ditch water.
The average intake of PFOA by lactating sheep is approximately 28,000 ng PFOA
per day (=6 * 4670) and the average intake of GenX is approximately 5700 ng
GenX per day (=6 * 956.5).

FO also calculated the average intake of PFOA via silage by lactating sheep
assuming:

1. Daily silage intake of 2.7 kg wet weight grass silage daily.

2. Sheep solely consume contaminated silage.
The average intake of PFOA by lactating sheep based on the scenario above is
approximately 1600 ng PFOA per day (=2.7 * 600).

Office for Risk Assesment &
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FO did not calculate the average intake of GenX via silage by lactating sheep as Research
GenX was not detected is silage (<250 ng/kg).

Date
Human exposure via food of animal origin July 16, 2019
Dairy products, meat, egg and eel Our reference
FO modelled the PFOA concentration in milk and meat of cows exposed to ditch NVWA/BURO/2019/4294

water and silage by using the adjusted transfer model for PFOS in dairy cows (van
Asselt et al., 2013; FO, 2019b). The GenX concentrations (due to the absence of a
transfer model) were reasoned by FO. FO did not scale the PFOA/PFOS transfer
model from dairy cows to sheep. Allometric scaling does not apply, because renal
clearance of PFOS/PFOA differs between animal species. Consequently one does
not know if the PFOS/PFOA concentration in tissues of different animals is the
same. Instead the experimental transfer of PFOA from contaminated feed into
milk and meat of two sheep was used to estimate the PFOA concentration in milk
of sheep exposed to contaminated ditch water (Kowalczyk et al., 2012; FO,
2019b). Table 2 provides an overview of the PFOA and GenX concentration in milk
and meat of cows and sheep exposed to contaminated ditch water and silage.

Table 2. The PFOA and GenX concentration (ng/g) in milk and meat of cows and
sheep exposed to contaminated ditch water or silage.

Animal Product PFOA (ng/9) GenX (ng/9)
Ditch water Silage Ditch water Silage
Cow Milk 0.06? 0.003* <0.012 X3
Meat 0.28% 0.01* <0.063 X3
Sheep Milk 0.2-0.74 0.01 — 0.04* 0.04 - 0.142 X3
Meat 0.24 0.014 0.042 X3

Modelled; ?Reasoned assumption; i.e. assuming less efficient transfer of GenX relative to PFOA at
comparable exposure; 3X: negligible; “Estimated based on a pilot experiment (N=2)(Kowalczyk et al.,
2012).

Samples of dairy products (milk, cheese and yoghurt), eggs and fish were taken
by the NVWA from farms in the vicinity of Dordrecht and Helmond. One fish
sample was taken from a fishing pond closely to Custom Powders in Helmond.
Table 3 provides an overview of the PFOA- and GenX-concentrations in these
samples.

Table 3. Analyzed PFOA- and GenX-concentrations in dairy products, egg and fish
sampled near the companies DuPont/Chemours in Dordrecht and Custom Powders
in Helmond.

Location Product Concentration (ng/g)
N PFOA GenX
Dairy products
Milk?! 15 <0.014 <0.10
Dordrecht Cheese? 1 <0.10 <0.10
Yoghurt? 1 <0.10 <0.10
Egg® 1 0.14 <0.25
Dairy products
Milk? 2 <0.01 <0.10
Helmond E_gg3 1 <0.025 <0.25
Fish
Eel (farmed) 1 <0.05 <0.10
Carp 1 1.3 4.7

1Cow (N=14) and goat (N=1); 2Cow; 3Chicken; *< means <LOQ

Subsequently, BURO took the PFOA and GenX concentrations in the products
mentioned in tables 2 and 3 and calculated the worst-case exposure of children
(1-18 years old) and adults (19-79 years old) (Table 4) by assuming:
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1. That the PFOA or GenX concentration was equal to the quantification limit
if a PFOA or GenX concentration was reported to be below the
quantification limit.

2. High consumption (P95) based on the Dutch Food Consumption Survey
2012-2016.

a. One consumes the same amount of milk or meat regardless if it is
from a cow or sheep, as no consumption data for sheep’s milk or
meat are available in the Dutch Food Consumption Survey 2012-
2016.

b. Data on usual intake of milk, cheese, yoghurt, egg and beef.

c. Data on the acute intake of eel, as no usual intake could be
calculated in the Dutch Food Consumption Survey.

d. No consumption data for carp were available in the Dutch Food
Consumption Survey, therefore fish consumption was used as an
alternative. See also the FO rapport (FO, 2019a).

3. Average body weight of 38.5 kg (children) and 81.9 kg (adults).

BuRO did not follow the exposure assessment performed by the FO. BURO
compared the actual PFOA and GenX exposure via the consumption of products of
animal origin to both PFOA TDI’s and the GenX TDI.

Office for Risk Assesment &
Research
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Table 4. The exposure of children (1-18 years old) and adults (19-79 years old)
to PFOA and GenX via the consumption of contaminated milk (cow/sheep), meat
(cow/sheep), cheese, yoghurt, egg, eel and carp.

Concentration P95 consumption Exposure (ng/kg
(ng/79) rate of food or body weight per
beverage (g/day) day)
Product PFOA GenX PFOA GenX
Milk 0.062 0.013 446.17 0.70 0.12
(cow)?
Milk 0.015 0.10° 446.17 0.12 1.16
» | (cow)
§ Milk 0.2 — 0.04 - 446.17 2.32 — 0.46 —
> | (sheep)?! 0.74 0.144 8.11 1.62
® | Meat 0.282 0.063 15.57 0.11 0.02
:I', (cow) ?
c | Meat 0.2 0.044 15.57 0.08 0.02
® | (sheep)?
% Cheese 0.10° 0.10° 44.17 0.11 0.11
O | Yoghurt 0.10° 0.10° 138.27 0.36 0.36
Egg 0.146 0.255 20.37 0.07 0.13
Eel 0.05° 0.015 08 0 0
Carp 1.3 4.7% 37° 0.87 3.15
Milk 0.062 0.013 365.510 0.27 0.04
(cow)?
Milk 0.015 0.10° 365.51° 0.04 0.45
> | (cow)
S | Milk 0.2 — 0.04 - 365.510 0.89 — 0.18 —
Q| (sheep)? 0.74 0.144 3.12 0.62
,Q Meat 0.282 0.063 29.610 0.10 0.02
o [ (cow)?
Z | Meat 0.24 0.044 29.610 0.07 0.01
& | (sheep)?
g Cheese 0.10° 0.10° 68.7%0 0.08 0.08
< | Yoghurt 0.10° 0.10° 189.5%0 0.23 0.23
Egg 0.145 0.25° 30.110 0.05 0.09
Eel 0.05° 0.015 30011 0.18 0.37
Carp 1.3 4.7% 10112 1.48 5.35

1Based on exposure through contaminated ditch water;
2Concentration calculated by FO via an adjusted transfer model for PFOS in dairy cows;
3Concentration reasoned by FO;

“Concentration estimated by FO based on experimental data from literature;

SConcentration < LOQ);
Spositive concentration (>LOQ);
“Data on usual intake based on high consumption from the Dutch Food Consumption Survey 2012-2016

by children (1-18 years old; average body weight 38.5 kg). Assumption that the same amount of milk or

meat is consumed regardless if it is from cow or sheep;

8Data on actual intake based on high consumption from the Dutch Food Consumption Survey 2012-2016

by children (1-18 years old; average body weight 38.5 kg);
®High consumption based on the Dutch Food Consumption Survey 2012-2016. Female consumers (9-18
years old; average body weight 55.2 kg);

1%Data on usual intake based on high consumption from the Dutch Food Consumption Survey 2012-2016

by adults (19-79 years old; average body weight 81.9 kg). Assumption that the same amount of milk or
meat is consumed regardless if it is from cow or sheep;

Data on actual intake based on high consumption from the Dutch Food Consumption Survey 2012-2016

by adults (19-79 years old; average body weight 81.9 kg);
12High consumption based on the Dutch Food Consumption Survey 2012-2016. Male consumers (51-79
years old; average body weight 88.8 kg).
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Risk assessment

Table 5 provides an overview of the percentages PFOA and GenX covering the
TDI's of both substances, being 0.8 ng/kg body weight per day (provisional by
EFSA) or 12.5 ng/kg body weight per day (RIVM) for PFOA and 21 ng/kg body
weight per day for GenX. If the percentage is higher than 100%, the TDI is
exceeded and consumption of the related products might pose a risk for human
health.

Table 5. Overview of the percentages PFOA and GenX covering the TDI's of both
substances, being 0.8 ng/kg body weight per day (provisional by EFSA) or 12.5
ng/kg body weight per day (RIVM) for PFOA and 21 ng/kg body weight per day for
GenX.

Exposure %TDI
(ng/kg body weight per
day)

Product PFOA GenX PFOAZ? PFOAS | GenX

Milk (cow)?! 0.70 0.12 87 6 1
| Milk (cow) 0.12 1.16 14 1 6
g Milk (sheep)! | 2.32 -8.11 | 0.46 — 1.62 290 — 19- | 2-8
o 10144 65
o | Meat (cow)?! 0.11 0.02 14 1 0
: Meat 0.08 0.02 10 1 0
<~ | (sheep)?
$ | Cheese 0.11 0.11 14 1 1
S | Yoghurt 0.36 0.36 45 3 2
5 Egg 0.07 0.13 9 1 1

Eel 0 0

Carp 0.87 3.15 109 7 15

Milk (cow)? 0.27 0.04 33 2 0
o | Milk (cow) 0.04 0.45 6 0 2
& | Milk (sheep)! | 0.89 —3.12 | 0.18-0.62 | 111 -390 | 7—-25 | 1-3
L [ Meat (cow)? 0.10 0.02 13 1 0
@ | Meat 0.07 0.01 9 1 0
o | (sheep)?’
2 | Cheese 0.08 0.08 10 1 0
2 | Yoghurt 0.23 0.23 29 2 1
2 | Egg 0.05 0.09 6 0 0
< | Eel 0.18 0.37 23 1 2

Carp 1.48 5.35 185 12 25

1Based on exposure through contaminated ditch water; 2Based on a provisional EFSA-TDI of 0.8 ng/kg
body weight per day; Based on a RIVM-TDI of 12.5 ng/kg body weight per day; “Red numbers indicate
an exceedance of the TDI.

Table 5 shows that the consumption of sheep’s milk and carp by children and
adults exceeds the provisional EFSA-TDI (0.8 ng/kg body weight per day) for
PFOA, indicating a possible risk for human health. Both TDI’s for PFOA and the
TDI for GenX are not exceeded after the consumption of cow’s milk, meat
(cow/sheep), cheese, yoghurt, egg and eel by children and adults. The
consumption of these products does not pose a risk for human health.

Maximum PFOA and GenX concentration in ditch water

FO calculated the maximum PFOA concentration in ditch water that would lead to
a PFOA concentration in milk at the present analytical limit of quantification (LOQ;
being 0.01 ng/g = 0.01 ng/mL). In literature a transfer model for PFOS in dairy
cows is available (van Asselt et al., 2013), which was adjusted to PFOA by FO (FO,
2019b). For their calculation FO assumed that no additional exposure occurs from

Office for Risk Assesment &
Research

Date

July 16, 2019

Our reference
NVWA/BURO/2019/4294

Pagina 17 van 24



Office for Risk Assesment &
other sources than ditch water. Using a PFOA concentration of 0.01 ng/g in milk Research
as input, a theoretical intake of 89,000 ng per day was calculated. This results in a

calculated PFOA concentration in ditch water of approximately 1100 ng/L pate

(~89,000/80) or 810 ng/L (~89,000/110) depending on the ditch water intake July 16, 2019

(80 Lor110L). Our reference
NVWA/BURO/2019/4294

As no transfer model for GenX was available, FO could not calculate the maximum
GenX concentration in ditch water that would lead to a GenX concentration in milk
at the present analytical limit of quantification (LOQ; 0.1 ng/g).

Discussion

The exposure assessment and subsequently the risk assessment performed by
BUuRO are based on a very limited number of samples of possible contaminated
foods, such as milk, cheese and eggs. This explorative sample strategy was
chosen by BuRO to obtain an indication of the possible risk for human health due
to exposure to PFOA and GenX in foods.

In interpreting the sheep transfer calculations it should be noted that the transfer
to milk was observed in only two sheep showing quite different PFOA kinetics. The
available transfer data in dairy cattle and lactating sheep indicate that PFOA
transfer to organs and tissues is comparable in both species, but transfer to milk
is not. Regarding the latter, the limited available data suggest a much higher
transfer (i.e. up to 6 — 20 fold) of PFOA from the blood to milk in lactating sheep
than from the blood to milk in dairy cattle. Therefore, FO concluded that the
observed transfer of PFOA in lactating sheep to milk needs to be confirmed
beyond the pilot experiment in which it was assessed in order to draw a more
definitive conclusion on the relevance of such transfer for human risk assessment
(FO, 2019b).

Due to the absence of consumption amounts of fish by persons fishing in the fish
pond in Helmond, the consumption rates of fish by the general Dutch population
were used in the risk assessment. Persons fishing in this pond possibly consume
fish more frequently than the general population. They may also consume fish in
larger amounts when eating fish. By using the consumed amount at the 95t
percentile of the consumption distribution, this was partly addressed (FO, 2019a).

People living in the vicinity of either of the two sites are not only exposed to PFOA
and GenX through the consumption of dairy products, egg and fish. As a result of
emissions from the DuPont/Chemours site in Dordrecht and Custom Powders in
Helmond, PFOA and GenX have been emitted into the environment via the air. As
a consequence, these substances may have been deposited at a vegetable garden
in the vicinity of the sites and local authorities were concerned whether it is safe
to eat their home-grown vegetables. Therefore, RIVM performed a risk
assessment of PFOA and GenX in vegetable garden crops in Dordrecht (including
Papendrecht and Sliedrecht) and Helmond. In both assessments RIVM assumed
that the persons in question would eat exclusively home-grown vegetables every
day throughout their life. As a worst-case scenario, the calculated exposure is
therefore probably higher than the actual exposure to PFOA and GenX of
vegetable garden owners in the vicinity of the factories. Information about the
amount and frequency in which the vegetables and potatoes are consumed was
obtained from the Dutch food consumption survey (Mengelers et al., 2018; Boon
et al., 2019).

Dordrecht, Papendrecht and Sliedrecht

RIVM concludes that the TDI for PFOA and the TDI for GenX are not exceeded via
food. However, residents are also exposed to these substances via air and
drinking water. Therefore, RIVM advises that vegetable garden crops grown within
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a radius of one kilometer from the company should be consumed in moderation Research
(not too often or too much). Outside this area, the concentrations were so low

that the crops can be safely consumed even if one takes into account the two pate
other sources of exposure (Mengelers et al., 2018). July 16, 2019

Our reference
Helmond NVWA/BURO/2019/4294

RIVM concludes that persons with a vegetable garden near the company Custom
Powders in Helmond can safely eat their home-grown vegetables. In the past, this
company emitted the substances PFOA and GenX into the air. However, RIVM-
TDI's of PFOA and Genx for exposure were not exceeded by oral intake (Boon et
al., 2019).

Other relevant sources of exposure in the vicinity of both companies are drinking
water and air (Mengelers et al., 2018; Boon et al., 2019) and possibly sheep meat
and milk (FO, 2019b). In Helmond, also swimming water was identified as a
potential source of exposure (Beekman, 2018; Muller & te Biesebeek, 2018).
These sources need also to be considered to determine whether there is a health
risk related to the exposure to PFOA and GenX.

In 2011, Noorlander and colleagues calculated the high level intake (99t
percentile) of PFOA via food (flour, fatty fish, lean fish, pork, eggs, crustaceans,
bakery products, vegetables/fruit, cheese, beef, chicken/poultry, butter, milk,
vegetable oil and industrial oil) and drinking water for the Dutch population, being
0.6 ng/kg body weight per day (Noorlander et al., 2011). This concentration is
lower than the EFSA-TDI of 0.8 ng/kg body weight per day.

Conclusion

Despite the fact that the exposure of children and adults to PFOA via the
consumption of carp exceeds the provisional EFSA-TDI of 0.8 ng/kg body weight
per day, the risk for human health is expected to be low. A TDI is a health based
guidance value based on chronic (long term) exposure. This carp was caught in a
fishing pond in the close vicinity of the factory of Custom Powders in Helmond.
Fish from this pond will probably only, on occasion, be eaten by specific
consumers (sport fishermen) leading to acute (short term) exposure.
Furthermore, the risk assessment of carp was based on one fish and this fish does
not provide an overview of the PFOA distribution in fish from this fishing pond in
general.

Based on a comparison with the provisional EFSA-TDI of 0.8 ng/kg body weight
per day, the exposure of children and adults to PFOA via the consumption of
sheep’s milk might pose a risk to human health. The risk assessment for sheep’s
milk is based on experimental transfer data from two sheep that do not show the
same kinetics. Compared to dairy cows, the transfer of PFOA to sheep’s milk is
higher than one might expect. Therefore, no firm conclusion about the human
health risk regarding sheep’s milk can be drawn.

The exposure of children and adults to PFOA and GenX via the consumption of

cow’s milk, meat (cow/sheep), cheese, yoghurt, egg and eel does not pose a risk
for human health.
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FRONT OFFICE FOOD AND PRODUCT SAFETY

RISK ASSESSMENT OF GenX AND PFOA IN FOOD
PART 1: TOXICITY OF GenX AND PFOA AND INTAKE THROUGH CONTAMINATED
FOOD OF ANIMAL ORIGIN

Risk assessment requested Office for Risk Assessment and Research

by:

Risk assessment performed  RIVM and RIKILT!

by:

Date of request: 06-06-2018

Date of risk assessment: 17-04-2019

Project number: V/093130
Subject

In the past, the companies DuPont/Chemours in Dordrecht and Custom Powders in
Helmond emitted GenX! and perfluoro-octanoic acid (PFOA) into the air. The emission of
GenX by DuPont/Chemours is ongoing. Consequently, the area around these companies
(soil, water and vegetation) has been polluted. In May 2018, the Netherlands Food and
Consumer Product Safety Authority (NVWA) took samples (dairy products, egg, fish and
silage) in these areas. At that moment, the detection and quantification limits of the
analytical method to analyse these compounds were not low enough for performing a risk
assessment. In other words, if all concentrations would be below these limit values, the
calculated exposure using concentrations at these limit values (worst case) would exceed
the health-based guidance value. In that case, a conclusion about a possible health risk
cannot be drawn. RIKILT-WUR resolved this analytical issue, and on 10 January 2019
sent the analysed concentrations of GenX and PFOA in dairy products, egg, fish and
silage to the Front Office Food and Product Safety (FO).

Questions

Given the GenX and PFOA concentrations in dairy products, egg and fish, the Office for

Risk Assessment and Research (BuRO) has asked the FO several questions, which are

answered in this FO assessment (Part 1). BURO has also asked questions related to the

GenX and PFOA concentrations in silage. These questions are answered in a separate FO

assessment (Part 2). The questions addressed in this Part 1 FO assessment are:

1. Describe the toxicology of GenX and PFOA.

2. Estimate the intake of GenX and PFOA for consumers based on the measured
concentrations of GenX and PFOA in dairy products, egg and fish.

3. Perform a risk assessment of GenX and PFOA in contaminated food of animal origin.

! GenX refers to hexafluoropropyleneoxide dimer acid (HPFO-DA), or to its ammonium salt, as used in the GenX technology.
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Conclusions

1) In 2017, RIVM derived a tentative tolerable daily intake (t-TDI) of 21 ng/kg body
weight (bw) per day for GenX, based on an increased albumin/globulin ratio in serum
of rats (Janssen, 2017). For PFOA, RIVM derived a TDI of 12.5 ng/kg bw per day
based on liver toxicity in rats in 2016 (Zeilmaker et al., 2016).

2) The exposure to GenX and PFOA through the consumption of dairy products (milk,
cheese and yoghurt), egg and eel was negligible. A rough, maximum exposure to
GenX and PFOA through the consumption of carp was estimated at 5.3 and 1.3 ng/kg
bw per day, respectively, based on

e concentrations in one carp caught in a fish pond in Helmond;
e a high consumption level of fish from the Dutch National Food Consumption
Survey of 2012-2016.

3) GenX and PFOA concentrations in dairy products (milk, cheese and yoghurt), egg,
and fish (eel and carp) do not pose a health risk for people living in the environment
of both companies.

Question 1: Toxicology of GenX and PFOA

Below the toxicity data underlying the derivation of the tolerable daily intakes (TDI) of
GenX and PFOA used to perform a risk assessment (question 3) are described, as well as
the recent EFSA evaluation of PFOA (EFSA, 2018b). For a more extended description of
the toxicity of both compounds, see Appendix A for GenX and Appendix B for PFOA.

GenX

The chemicals FRD-902 and FRD-903, also known as “GenX chemicals”, are the main
substances associated with the GenX processing aid technology that enables the
production of fluoropolymers. FRD-902 is the dimer ammonium salt (ammonium-2,3,3,3-
tetrafluoro-2-(heptafluoropropoxy)-propanoate; CAS no. 62037-80-3) and FRD-903 is
the dimer acid (2,3,3,3-tetrafluoro-2 (heptafluoropropoxy)propanoic acid; CAS no.
13252-13-6) (Figure 1). Under environmental and physical conditions, such as in water
or in blood, FRD-902 and FRD-903 dissociate into the ion HFPO-DA
(hexafluoropropyleneoxide dimer acid), which is responsible for the observed
toxicological effects. In this assessment, the ion HFPO-DA is called GenX.

F F F F
F F F F
F
F F OH F F " O™ NH,’
F o} o
- Ol F - O R
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Figure 1. The chemical structure of the acid FRD-903 (left) and the ammonium salt FRD-902 (right)

In 2017, RIVM derived a tentative TDI (t-TDI) of 21 ng/kg bw per day for GenX (Janssen,
2017). This t-TDI was based on an overall no-observed adverse level (NOAEL)? of
0.1 mg/kg body weight (bw) per day from a chronic oral study in rats with increased
albumin/globulin ratio in serum as the critical effect (Beekman et al., 2016), and the
following assessment factors (Janssen, 2017):

e interspecies (for toxicokinetic differences related to metabolic rate): 4

e interspecies (for toxicodynamic differences): 1.8

e intraspecies (standard factor): 10

e extra factor for possible bioaccumulation: 66

2 The highest dose administered in an animal study at which no adverse effects are observed
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PFOA

Perfluoro-octanoic acid (CAS no. 335-67-1; PFOA) and its salts are used as processing
aids in the production of fluoro-elastomers and fluoropolymers, with polytetrafluoretheen
(PTFE; brand name is ‘Teflon’) being an important fluoropolymer. In addition, PFOA-
related compounds are used as surfactants in non-food applications (in fire-fighting
foams, wetting agents and cleaners) and for the manufacture of side-chain fluorinated
polymers (used as surface finishes for textiles and apparel, leather, paper and cardboard,
paints, lacquers etc.). The chemical structure of PFOA is given in Figure 2.

Figure 2. The chemical structure of perfluoro-octanoic acid (PFOA)

In its 2016 risk assessment of PFOA, RIVM concluded that liver effects represented the
most sensitive endpoint for PFOA-toxicity (Zeilmaker et al., 2016). According to the
approach previously developed for polychlorinated dioxins, which is a group of
substances with a high potential for bioaccumulation in humans, RIVM used a
quantitative approach to derive a TDI for PFOA based on a critical PFOA blood serum
concentration (Zeilmaker et al., 2016). The reason for this is that PFOA belongs to the
group of per- and polyfluoroalkyl substances, which has, as dioxins, a high potential to
accumulate in humans (EFSA, 2018b).

The TDI was derived from the (mean) NOAEL PFOA concentration of 7.1 yg PFOA/mL in
rat from a semi-chronic study by Perkins et al. (2004) using one compartmental
modelling to calculate the corresponding chronic human oral dose (Human Equivalent
Dose ((HED) of 1000 ng/kg bw per day. The TDI of 12.5 ng/kg bw per day was
subsequently derived by dividing this HED by an “overall” assessment factor of 80. This
“overall” factor was composed of the following sub-factors:
e Interspecies extrapolation:
A correction for interspecies differences in kinetics and toxicodynamics was not
needed, and therefore the assessment factor was set at 1. Interspecies differences
in kinetics were explicitly considered in the derivation of the TDI, and based on
mechanistic considerations it was assumed that rats are more sensitive for liver
toxicity than humans.
e Intraspecies extrapolation
In order to correct for intraspecies differences in toxicokinetics and toxicodynamics
the default assessment factor of 10 was used.
e Semi-chronic — chronic extrapolation
The NOAEL was based on a semi-chronic study. To extrapolate the TDI based on
semi-chronic exposure to chronic exposure, an assessment factor of 8 was used.
This factor was based on an empirically derived distribution for this assessment
factor as proposed by the International Programme on Chemical Safety (IPCS) and
has a coverage of 95%; there is a 95% confidence that this factor is sufficiently
large to account for possible semi-chronic versus chronic differences in toxicity (for
technical details, see Zeilmaker et al., 2016, Annex TA-3).
This approach of deriving a TDI is in agreement with the approach used by the US EPA
(2016), DWQI (2017) and ATSDR (2018).

EFSA (2018b) has recently re-evaluated PFOA (and perfluoroctane sulfonic acid (PFOS))
and derived a health-based guidance value (HBGV) for both compounds based on health
effects from epidemiological studies. For PFOA, the critical effect was an increase in
serum total cholesterol. Based on benchmark modelling, EFSA established a tolerable
weekly intake (TWI) of 6 ng/kg bw per week for PFOA (equivalent to 0.8 ng/kg bw per
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day). PFOA (and PFOS) belong to the group of per- and polyfluoroakyl substances
(PFAS). In 2019, EFSA will finalise a scientific opinion on “The risk to human health
related to the presence Perfluoroalkylated substances, other than Perfluorooctane
sulfonate and Perfluorooctanoic acid, in food” (EFSA-Q-2017-00549, scheduled December
2019)3, with the possible application of the forthcoming Scientific Committee guidance on
combined exposure to multiple chemicals*. Until then, EFSA’s derived tolerable weekly
intake for PFOA (as well as for PFOS) has to be considered provisional.

In general, RIVM follows the HBGVs derived by EFSA. However, in the case of PFOA,
RIVM has questioned EFSA’s HBGV derivation (EFSA, 2018a)°. Given EFSA’s ongoing
evaluation, RIVM maintains presently its own TDI for PFOA. However, also risk
assessments based on this HBGV should be considered provisional until the EFSA
evaluation is finalised.

Question 2 and 3: Exposure and risk assessment

Concentration GenX and PFOA in dairy products, egg and fish

GenX and PFOA were analysed in dairy products (milk, cheese and yoghurt), egg and fish
sampled near the companies Chemours/DuPont in Dordrecht and Custom Powders in
Helmond. Table 1 lists the product concentrations per location as provided by RIKILT-
WUR. The majority of the concentrations were below the limit of quantification (LOQ).
Only the PFOA concentration in one egg sampled in Dordrecht and that of both
compounds in one carp caught in a fish pond in Helmond were above the LOQ (Table 1).

Table 1. Analysed concentrations of GenX and PFOA in dairy products, egg and fish sampled near
the companies Chemours/DuPont in Dordrecht and Custom Powders in Helmond

Product and Concentration (ng/g)!

D= n | GenX | PFOA
Dordrecht
Dairy products
Milk? | 15 | <0.10 | <0.01
Cheese? | 1 <0.10 | <0.10
Yoghurt? | 1 <0.10 | <0.10
Egg® 1 <0.25 0.14
Helmond

Dairy products

Milk? | 2 <0.10 | <0.01
Egg® 1 <0.25 | <0.025
Fish

Eel (farmed) | 1 <0.10 <0.05
Carp | 1 4.7 1.3

PFOA: perfluoro-octanoic acid

! Samples with concentrations reported as ‘<’ may contain GenX and PFOA, but the concentrations
did not exceed the limit of quantification of the analytical method

2 Cow and one sample of goat in Dordrecht

3 Chicken

20% TDI concentrations

In September 2018, the FO calculated how low the LOQ for the analysis of GenX and
PFOA in animal products should be for performing a risk assessment. For this, GenX and
PFOA concentrations for egg, meat (beef) and cow’s milk were calculated at which a high
consumption of each product would result in an exposure equal to 20% of the TDI of

3 http://registerofquestions.efsa.europa.eu/rogFrontend/questionLoader?question=EFSA-Q-2017-00549
4 https://www.efsa.europa.eu/en/topics/topic/chemical-mixtures
5 https://www.rivm.nl/en/news/discussion-regarding-health-based-guidance-value-of-pfoa
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GenX or PFOA (FO, 2018). The percentage of 20% accounted for the exposure to GenX
and PFOA through the consumption of other foods than the product itself. In this present
assessment, these concentrations are referred to as '20% TDI concentrations’. No such
concentrations were derived for cheese and yoghurt.

These 20% TDI concentrations were calculated using high consumptions of egg, meat
(beef) and milk on an arbitrary day among children and adults and corresponding body
weights (Table 2) combined with the RIVM TDIs of GenX and PFOA (see question 1) with
the following equation:

20% TDI concentration = ( ol ) +5

(High consumption +~Body weight)

Equation 1

20% TDI concentration = Concentration of GenX and PFOA at which a high consumption of a product results
in an exposure equal to 20% of the TDI in ng/g

TDI = Tolerable daily intake of GenX and PFOA in ng/kg bw per day

= High consumption of a product in gram per day

= Body weight in kg

High consumption
Body weight

The 20% TDI concentrations per product that were calculated in this way are listed in
Table 3. If the measured concentrations of GenX and PFOA are below these 20% TDI
concentrations, a health risk can be excluded. If the measured concentrations are higher,
a risk assessment is required to assess possible health risks.

Table 2. High consumptions on an arbitrary day per product used to derive the 20% TDI
concentrations for GenX and PFOA

Product Age Body weight | High consumption
(years) (kg) (gram)

Egg 2-6 18.81 65°

Meat (beef) 19 - 69 66° 210*

Milk 2-6 18.8 750°

bw: body weight; DNFCS: Dutch Food Consumption Survey; TDI: tolerable daily intake

! The average body weight of children aged 2 to 6 years in DNFCS 2005-2006 among children within
this age range (Ocké et al., 2008).

2 This body weight is the weight of boys aged 14 to 18 in DNFCS 2007-2010 (van Rossum et al.,
2011). The average body weight in this DNFCS for the adult population from which the estimated
meat (beef) consumption was obtained (footnote 4 of this table) was about 80 kg. The high
consumption per kg bw (210/66 = 3.2 g/kg bw) used to derive the 20% TDI concentrations for meat
(beef) was therefore higher than when the average body weight for adults had been used (210/80 =
2.6 g/kg bw). This has resulted in lower (more conservative) 20% TDI concentrations.

3 The consumed amount of egg was comparable to the 95™ percentile consumption of boiled egg in
DNFCS 2005-2006 among children aged 2 to 6 and equals about one large egg.

4 This consumed amount of meat (beef) was equal to the 95™ percentile of consumption of meat
(beef) by persons aged 19-69 in DNFCS 2007-2010.

5 This consumed amount of milk was higher than the maximally reported consumption of 520 gram
of semi-skimmed milk reported in DNFCS 2005-2006 among children aged 2 to 6.

Table 3. The 20% TDI concentrations for GenX and PFOA per product?

Product 20% TDI concentration
(ng/9)
GenX PFOA
Egg 1.2 0.7
Meat (beef) 1.3 0.8
Milk 0.1 0.06

PFOA: perfluoro-octanoic acid; TDI: tolerable daily intake
! See equation 1 and Table 2
2 TDI for GenX is 21 ng/kg bw per day and for PFOA 12.5 ng/kg bw per day
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Exposure and risk assessment of dairy products, egg and eel

The LOQs of the analytical method were either equal (GenX in milk) or lower (GenX in
egg and PFOA in milk and egg) than the 20% TDI concentrations (Table 1 and 3).
Assuming that eel is not consumed at higher amounts than meat (beef), also the
analytical LOQ of eel was below the corresponding 20% TDI concentration. As the
concentrations are all at or below the 20% TDI concentration, these products (milk, egg
and eel) are not likely to pose a health risk, even if consumed in combination. The
reasons for this are:

1. GenX and PFOA may cause adverse effects if ingested at doses higher than the TDI
over a lifelong period. However, the consumed amounts on which the 20% TDI
concentrations were based reflect large consumed amounts on an arbitrary day.
These amounts overestimate the consumed amounts over a lifelong period, when
large consumed amounts of a food will be alternated with lower amounts or days on
which these products are not consumed;

2. The 20% TDI concentrations were set in such a way that the exposure to GenX and
PFOA would equal 20% of the TDI if analysed concentrations were at these
concentrations;

3. Except for GenX in milk, the LOQs used in the analyses were even lower than the
20% TDI concentrations (Table 1 and 3).

To substantiate this further, we performed a rough, worst case exposure assessment. For
this, we selected the maximum consumption of milk, eel and eggs as such per kg body
weight on one of the two recording days in the Dutch National Food Consumption Survey
(DNFCS) of 2012-2016 among persons aged 1 to 79° (Table 4). The highest consumed
amounts of milk and egg were reported for a 1-year old child and that of eel by an adult
aged 59. The adult with the maximum consumption of eel also consumed milk and egg
on that specific day. Using the analysed concentration of PFOA in egg (0.14 ng/g) and
assuming that the concentrations below LOQ equalled a concentration at the LOQ, the
GenX and PFOA intake for these three persons would maximally equal 14% of both TDIs
(Table 4). These intakes reflect a possible intake on one day and overestimate the intake
expected over a lifelong period, the relevant time period for GenX and PFOA exposure
(see above).

For cheese and yoghurt, the analysed concentrations were also below the LOQ (Table 1).
For these products, no 20% TDI concentrations were derived for risk assessment (FO,
2018). As the analytical LOQs were only slightly higher than the 20% TDI concentrations’
for milk, it is not likely that the analysed levels would have resulted in an intake of GenX
and PFOA that would pose a health risk. The consumption of yoghurt and cheese is not
likely to exceed 750 gram per day in children aged 2 to 6 (Table 2).

Risk assessment of GenX and PFOA through the consumption of carp

Using the same assumption for carp as for eel, i.e. the 20% TDI concentration for meat is
also applicable to carp, the analysed concentrations of GenX and PFOA in carp were
above the 20% TDI concentration for meat (beef). We therefore performed a risk
assessment for carp to establish if the consumption of this fish could pose a health risk.
The carp was caught in a fish pond in the vicinity of Custom Powders in Helmond. The
concentrations refer to the concentrations in fish meat.

To assess the risk, we first calculated the exposure to GenX and PFOA using the food
consumption data among 4313 individuals aged 1 to 79 of DNFCS 2012-2016. In this
survey, individuals, or their caretakers in case of young children, recorded what and how
much they consumed on two arbitrary days. As there are no consumption levels of carp
in this survey, the consumption of fish was used as a proxy. Fish included all types of

6 Wateetnederland.nl
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Table 4. Maximal consumed amounts per kg body weight for milk, eel and eggs on one of the two recording days in DNFCS 2012-2016

Age Body Product Consumed | Concentration | Exposure (ng/kg bw) Exposure as
(years) | weight amount (ng/g) Per product On one day % of the TDI!
(kg) (gram/kg | GenX |PFOA | GenX |PFOA | GenX |PFOA |GenX |PFOA
bw)
1 8.6 Milk 29.9 0.1 0.01 3 0.3 3 0.3 14 2
Eel - 0.1 0.05 - -
Egg 0.25 |0.14
59 60 Milk 7.1 0.1 0.01 0.7 0.07 1.4 0.4 7 3
Eel 5 0.1 0.05 0.5 0.25
Egg 0.8 0.25 [0.14 |0.2 0.1
1 11.2 Milk - 0.1 0.01 - - 2.2 1.3 10 10
Eel 0.1 0.05
Egg 8.9 0.25 [0.14 [2.2 1.3
bw: body weight; DNFCS: Dutch National Food Consumption survey; PFOA: perfluoro-octanoic acid; TDI: tolerable daily intake
1 TDI for GenX is 21 ng/kg bw per day and for PFOA 12.5 ng/kg bw per day
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fish, such as salmon, tuna and pangasius. The consumption of crustaceans and fish
products, such as fish fingers, was not included as being considered not representative of
the amounts in which carp may be consumed. Table 5 lists the mean and high (95"
percentile) consumption of fish for different age groups and sex for all days in the survey
and for only those days on which the consumption of fish was reported (*consumption
days”).

Table 5. Mean and high (95th percentile) consumed amounts of fishl per age group and sex based
on DNFCS 2012-2016

Age group (year) | Consumed amount Percentage
+ sex (gram per day) consumption
All days?® Consumption days only® | days®
Mean High Mean High

1-3 1.5 14.5 46.5 122 4
4-8 3 24.5 71.5 178.5 5
9-18 man 3 15 73.5 219 5
9-18 female 3.5 37 63.5 141 6
19-50 man 12 88 119 286 10
19-50 female 10 71 91 208 11
51-79 man 18 101 126 301.5 15
51-79 female 15.5 80 97.5 239 16

DNFCS: Dutch National Food Consumption Survey

! Based on consumed amounts of all types of fish reported in DNFCS 2012-2016. Consumed amounts of
crustaceans and fish products were not included.

2Based on all days, irrespective of whether fish was consumed or not. Mean and high (95" percentile)
consumed amounts were calculated based on mean consumed amounts across the two consumption days per
individual

3 Based on only the days on which the consumption of fish was reported. Mean and high (95" percentile)
consumed amounts were calculated based on consumed amounts per consumption day per individual

4 Percentage of the days on which consumption of fish was reported.

GenX and PFOA may be harmful when ingested at amounts above the TDI over a lifelong
period. Therefore, we should use the consumed amounts of fish that best reflect lifelong
consumed amounts of fish for the risk assessment. Based on the information in Table 5,
the best estimate for this is the consumed amounts based on ‘all consumption days’,
assuming that individuals are not likely to consume daily fish obtained from the fish
pond. We used the high (95" percentile) consumed amounts to estimate the intake of
GenX and PFOA to also protect possible high consumers of fish (Table 5).

Based on the analysed concentrations of GenX and PFOA in carp and high consumed
amounts of fish per age group and sex, the intake was estimated per age - sex group
using the following equation:

Consumption xConcentration

Intake = - Equation 2
Body weight
Intake = Intake of GenX and PFOA in ng/kg bw per day
Consumption = Consumption of carp in gram (Table 5)
Concentration = Concentration of GenX and PFOA in carp in ng/g (Table 1)
Body weight = Body weight in kg (Table 5)

Using this equation, the maximum intake of GenX and PFOA was estimated at 5.3 ng/kg
bw per day for GenX and 1.5 ng/kg bw per day for PFOA, both in men aged 51 to 79
(Table 6). The maximum exposure to GenX and PFOA through the consumption of carp
was equal to 25% and 12% of the TDI, respectively. Therefore, the consumption of this
specific fish at the analysed concentrations does not pose a health risk for GenX and
PFOA.
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Table 6. Intake of GenX and PFOA through a high (95th percentile) consumption of fish
contaminated with GenX and PFOA at 4.7 and 1.3 ng/g’, respectively

Age group High Body Intake
(year) + sex consumption of | weight | ng/kg bw per day | % of the TDI®
fish (kg) GenX PFOA GenX | PFOA
(gram per day)?
1-3 14.5 14.5 4.9 1.4 23 11
4-8 24.5 24.5 4.8 1.3 23 10
9-18; man 15 56.6 1.3 0.4 6 3
9-18; female 37 55.2 3.3 0.9 16 7
19-50; man 88 84.6 4.9 1.4 23 11
19-50; female 71 75.7 4.4 1.2 21 10
51-79; man 101 88.8 5.3 1.5 25 12
51-79; female 80 76.9 4.9 1.4 23 11

bw: body weight; TDI: tolerable daily intake

! Concentration analysed in fish meat of carp

2High consumption based on all consumption days within the food consumption survey, irrespective of
whether fish was consumed (Table 5)

3 TDI for GenX is 21 ng/kg bw per day and for PFOA 12.5 ng/kg bw per day

Discussion points

e The risk assessment of GenX and PFOA in carp was based on only one concentration
per compound. There is no information available about the distribution of
concentrations of GenX and PFOA in carp present in the same fish pond, as of other
fish present that may be caught for consumption. It is therefore unclear if the
analysed concentrations are representative of those in carp and other fish that may
be caught in the future or have been caught in the past. Because of this, the intake
of GenX and PFOA may be under- or overestimated. Also the number of
concentrations of GenX and PFOA analysed in dairy products, egg and eel was
limited, except possibly for milk sampled in Dordrecht.

Due to the absence of consumed amounts of fish by persons fishing in the fish pond,
consumed amounts of fish by the general Dutch population were used in the risk
assessment. Persons fishing in this fish pond possibly consume fish more frequently
than the general population. They may also consume fish in larger amounts when
eating fish. By using the consumed amount at the 95 percentile of the consumption
distribution, this was partly addressed.

e People living in the vicinity of both companies are not only exposed to GenX and
PFOA through the consumption of dairy products, egg and fish. Other relevant
sources of exposure in the vicinity of both companies are home grown vegetables,
fruits and potatoes, drinking water and air (Mengelers et al., 2018; Boon et al.,
2019), and possibly meat (Part 2). In Helmond, also swimming water was identified
as a potential source of exposure (Beekman, 2018; Muller & te Biesebeek, 2018).
These sources need to be considered to determine whether there is a health risk
related to the exposure to these compounds.

Overall conclusion

1) In 2017, RIVM derived a tentative tolerable daily intake (t-TDI) of 21 ng/kg body
weight (bw) per day for GenX, based on an increased albumin/globulin ratio in
serum of rats (Janssen, 2017). For PFOA, RIVM derived a TDI of 12.5 ng/kg bw
per day based on liver toxicity in rats in 2016 (Zeilmaker et al., 2016).

2) The exposure to GenX and PFOA through the consumption of dairy products (milk,
cheese and yoghurt), egg and eel was negligible. A rough, maximum exposure to
GenX and PFOA through the consumption of carp was estimated at 5.3 and
1.3 ng/kg bw per day, respectively, based on

o concentrations in one carp caught in a fish pond in Helmond;
o a high consumption level of fish from DNFCS 2012-2016.
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3) GenX and PFOA concentrations in dairy products (milk, cheese and yoghurt), egg,
and fish (eel and carp) do not pose a health risk for people living in the
environment of both companies.
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Appendix A Toxicity of GenX

The main body of information regarding mammalian toxicity are studies performed with
FRD-902. Read-across of the toxicological properties of FRD-902 to FRD-903 is
considered justified, because under environmental conditions, such as in water or in
blood, both FRD-902 and FRD-903 will dissociate into the ion HFPO-DA
(hexafluoropropyleneoxide dimer acid ion), which is responsible for the observed
toxicological effects. In this assessment, the ion HFPO-DA is called GenX.

The large majority of the toxicity data is obtained from the REACH registration dossier of
FRD-902. Additionally, the original study reports for FRD-902 (which largely comprise the
same information as in the REACH registration dossier) and the original study reports for
FRD-903, published via the Health & Environmental Research Online (HERO) database of
the US EPA, are the main sources of information. Other than that, six scientific
publications and two scientific reports are available in the public literature (Beekman et
al., 2016; Caverly Rae et al., 2015; Gannon et al., 2016; Li et al., 2019; Rushing et al.,
2017; Sheng et al., 2018; US EPA, 2018; Wang et al., 2017).

The REACH registration dossier and the HERO database contain:
in vitro and in vivo studies on toxicokinetics,
in vitro and in vivo studies on skin irritation/corrosion,
an in vivo study on eye irritation,
subacute and subchronic oral toxicity studies in rats and mice,
a chronic oral toxicity/carcinogenicity study in rats,
in vitro and in vivo genotoxicity studies,
an oral prenatal developmental toxicity study in rats,
an oral reproduction/developmental screening toxicity study in mice.
All studies were performed according to OECD test guidelines, except for the studies
covering toxicokinetics. Additional information for GenX is available for:
e immunotoxicity (Rushing et al., 2017),
e half-lives in experimental animals (Gannon et al., 2016),
e carcinogenicity (Caverly Rae et al., 2015),
e in vitro liver protein binding (Sheng et al., 2018),
e mode of action (Li et al., 2019; Wang et al., 2017).
No epidemiological studies are available for GenX.

Both GenX and PFOA are part of the subgroup of perfluoroalkyl acids (PFAAs), which
belong to a larger group of per- and polyfluoroalkyl substances (PFASs) (OECD 2013;
2015; 2018). Many PFASs can degrade to PFAAs that are their final degradation products
under relevant environmental conditions. These PFAAs, both with short- and long chain
length, show high persistency due to the bond between carbon and fluorine. This bond is
stable and requires high energy input to break (Brendel et al., 2018). Besides that GenX
and PFOA show high persistency, the substances show also similarities in toxicological
profiles in experimental animals at comparable doses (e.g. carcinogenicity, liver toxicity)
as illustrated in this Appendix and Appendix B.

The biokinetics of GenX were studied in rats, mice and monkeys (Gannon et al., 2016).
The results indicate that GenX has a lower potential for bioaccumulation compared to
PFOA in these species (half-lives between hours and days for GenX and between hours
and weeks for PFOA). For other PFASs, such as PFOA, it is known that the human half-life
is significantly higher compared to other species, which cannot solely be explained by
allometric differences. Whether interspecies differences in terms of bioaccumulation also
apply to GenX is uncertain, because half-life data for GenX in humans are lacking. This
issue is currently under investigation in a Substance Evaluation under REACH, where
more information is requested on the half-life of GenX in humans by performing a human
biomonitoring study in volunteering workers at a manufacturing site.
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In contrast to the classic lipophilic organic pollutants that primarily bind to fatty tissues,
PFASs primarily bind to proteins. The limited data available suggests that GenX binds to
fatty acid-binding proteins in the liver (Sheng et al., 2018) and to serum proteins (i.e.
albumin) in blood. Although no data are available on a direct interaction of GenX with
albumin, toxicokinetic data illustrates that GenX mainly distributes to the liver and the
blood. Overall, tissue and serum concentrations are higher in males compared to
females, suggesting that females are able to eliminate GenX more effectively. Protein
binding may be one of the aspects leading to slower elimination, resulting in a longer
half-life in humans. Additionally, it is argued that the half-life of PFOA is longer in
humans compared to other species, because of stronger reabsorption from the lumen of
the kidney back into the blood by organic anion transporters (OATs) in humans (Yang et
al., 2010). No data is available on OAT efficacy for GenX in humans. It is therefore not
known what effect GenX has on the functioning of OATs and if resorption of GenX in the
lumen of the kidney will occur in humans or not.

Chronic exposure to GenX results in a statistically significant induction of pancreatic
acinar cell adenomas/carcinomas and Leydig cell tumours in male rats at 50 mg/kg bw
per day, and a statistically significant induction of hepatocellular adenomas and
carcinomas in female rats at 500 mg/kg bw per day (Caverly Rae et al., 2015). All
genotoxicity tests carried out with GenX (Ames test, in vitro mammalian cell gene
mutation assay, in vitro mammalian cell chromosome aberration test, and in vivo
micronucleus-test in mice) were negative. In 2016, RIVM (Beekman et al., 2016)
concluded that the available mutagenicity studies and mechanistic information indicate a
non-genotoxic mode of action for the observed tumours in the 2-year study. There is
concern that GenX may be a human carcinogen as well, but data are currently insufficient
to conclude on the substance’s full carcinogenic potential. Therefore, this issue is
currently under investigation in a Substance Evaluation under REACH, where more
information is requested on the carcinogenic potential of GenX in mice.

Apart from the tumorigenic response in rats, the main affected organs in rodents
resulting from repeated exposure to GenX are the liver, the kidneys, the haematological
system, and the immune system. In rodents, GenX consistently caused increases in liver
weight, changes in clinical chemistry parameters related to liver toxicity (AST, ALT, ALP),
decreased serum cholesterol, liver hypertrophy, and liver microscopical changes (i.e.
single cell necrosis and (multi)focal necrosis). Single cell necrosis was observed in male
mice at doses as low as 0.5 mg/kg bw per day. Overall, males showed higher sensitivity
to the substance compared to females, with liver effects being more severe and occurring
at lower doses.

In the kidneys, exposure to GenX resulted in increased kidney weight, kidney
hypertrophy, microscopically observed kidney damage, and increased blood urea
nitrogen in rodents. These kidney effects generally occur at higher concentrations than
the observed liver effects (5 mg/kg bw per day and above), and are more apparent in
females compared to males.

Haematological effects include changes in red blood cell parameters (e.g. decreased
number of red blood cells, decreased haemoglobin). These changes are overall relatively
mild, with parameters not exceeding 10% change from control up to dosages of 50
mg/kg bw per day in a chronic study in rats. However, data from female rats dosed at
1000 mg/kg bw per day under a subchronic exposure regimen illustrate that FRD-902
may promote severe anaemic conditions.

Increased albumin (A) and/or decreased globulin (G), and associated increases in A/G
ratio occurred in rodents administered with 1 mg FRD-902/ kg bw per day and above.
Decreased globulin and corresponding increases in A/G ratio are considered early signs of
potential reduced immune function. Furthermore, Rushing et al. (2017) observed
suppression of the T cell-dependent antibody response (TDAR) in females and increased
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T lymphocyte numbers (but no suppression of TDAR) in males exposed to the substance
at a dose of 100 mg/kg bw per day for 28 days. Additionally, decreased spleen weight
was detected in some studies. This suggests that the immune system might be affected
upon treatment with GenX, but there is little information available, which hampers full
assessment of the immunomodulatory effects of GenX.

With regard to developmental toxicity, GenX crosses the placenta and distributes into the
foetus, and causes early deliveries and decreased birth weight in pups without causing
severe parental toxicity at 100 mg/kg bw per day. Maternal toxicity includes mortality,
lower mean body weight gain and decreased food consumption, decreased gravid uterine
weight, higher mean kidney weight, liver hypertrophy, and microscopic changes in the
liver at 1000 mg/kg bw per day. Also, at 100 mg/kg bw per day, GenX caused a mean
decreased gravid uterine weight and focal necrosis in the liver. RIVM (Beekman et al.,
2016) set the NOAEL for developmental toxicity at 10 mg/kg bw per day, based on early
deliveries and decreased birth weight in pups.

Information is inconclusive with respect to potential effects to the reproductive system.
No effects on reproduction were observed at any of the dose levels tested in a combined
reproductive/developmental screening study in mice. In the parental animals, liver
effects were observed, in concordance with the effects observed in the subchronic and
chronic toxicity studies. Furthermore, F1 animals of both sexes showed decreased mean
body weight during the pre-weaning period. The results from this study do not allow for
final conclusions regarding the reproductive effects because the highest dose level tested
exerted minimal effects in the parental animals. Therefore, information is regarded
inconclusive with respect to potential effects to the reproductive system.

Based on the currently available data, FRD-902 does cause serious eye damage, but does
not result in skin irritation. Furthermore, FRD-903 was graded as corrosive to the skin in
an in vitro Corrositex assay. FRD-902 is not considered to be a skin sensitizer. No
information is available on respiratory sensitisation. Lastly, no studies are available
providing insight into potential endocrine (disrupting) mode of action for GenX, such as in
vivo modulation of thyroid hormone (T3, T4 and TSH), androgenic/estrogenic effects, or
in vitro receptor binding studies.

The observed liver effects are suggested to be (at least partly) explained (directly or
indirectly) by activation of the peroxisome proliferator-activated receptor alpha (PPARa),
a biological pathway mainly responsible for lipid metabolism. This is, amongst others,
indicated by treatment-related increases in fatty acid beta oxidation in rodents upon
exposure to GenX, and a mechanistic study which showed that many lipid metabolism
associated genes were upregulated in mice treated with GenX for 28 days (Wang et al.,
2017). Rodents are known to be more susceptible to PPARa mediated liver effects (i.e.
hepatocellular hypertrophy and increased liver weight) (Hall et al., 2012) and PPARa
mediated formation of liver tumours (Klaunig et al., 2003) than are primates. For PFOA
the interaction with PPARa in rodents has been studied extensively (especially many
studies using ppara knockout or ppara humanised mice) and the effects seen in rodents
with GenX closely match those seen with PFOA.

It should however be noted in this context that the liver effects for PFOA in rodents have
been demonstrated to be in part non PPARa mediated, and whether this also is the case
for GenX still needs further inquiry. At least it cannot be excluded that the liver effects as
well as the tumorigenic responses are induced by a non-PPARa related mode of action. A
recent study has indicated that GenX is able to bind to- and to activate PPARYy (Li et al.,
2019), just as PFOA. Moreover, it should also be noted that although rodents are more
susceptible than humans, PPARa mediated effects do occur in humans: this is clearly
demonstrated by the fact that certain drugs (fibrates) that act via PPARa activation are
applied in human medicine as a treatment for cholesterolemia. Based on the above, the
hepatic effects as seen in rodents after treatment with GenX and PFOA are considered
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relevant for the risk assessment for humans. This is in agreement with RIVM (Beekman
et al., 2016; Zeilmaker et al., 2016a), US EPA (2016), DWQI (2017) and ATSDR (2018).
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Appendix B. Toxicity of PFOA

Production and use of PFOA have been reduced significantly following the discovery of its
wide-spread occurrence in the environment and in humans due to its persistence and its
bioaccumulative potential in addition to its toxic potential.

The toxicity and toxicokinetics of PFOA have been studied extensively in experimental
animals and in human biomonitoring and epidemiology studies. Comprehensive reviews
of these data are provided by US EPA (2016), DWQI (2017), ATSDR (2018) and EFSA
(2018b). RIVM has evaluated the toxicity and toxicokinetics of PFOA as part of its risk
assessment of the emission of PFOA by the DuPont/Chemours chemical plant in
Dordrecht, The Netherlands (Zeilmaker et al., 2016). As a supplement to this
assessment, RIVM provided a review specifically of the available epidemiological studies
for PFOA (Rijs & Bogers, 2017).

The biokinetics of PFOA and its salts has been studied in rats, mice, monkeys and
humans. A remarkably high potential for bioaccumulation in humans has been
determined, with an estimated half-life for clearance from human serum as long as 3-4
years. This contrasts with the half-life for PFOA in experimental animals (monkeys, rats,
mice), which is only several weeks at the most (11-21 days) (Zeilmaker et al., 2016). As
explained in the Appendix on GenX toxicity, in contrast to classic lipophilic organic
pollutants (e.g. DDT, dioxins) which accumulate via linking into fat metabolism leading to
accumulation in fatty tissues, PFOA primarily bind to proteins. The long half-life of PFOA
in humans compared to other species has been hypothesized to be due to stronger
reabsorption from the lumen of the kidney back into the blood by organic anion
transporters (OATSs) (Yang et al., 2010).

Animal toxicity experiments have been carried out using both PFOA and its ammonium
salt ammonium pentadecafluorooctanoate (APFO). Since in aqueous environments both
PFOA and APFO lead to the presence of perfluorooctanoate as the dominant chemical
species the read across from the salt to the acid is considered valid. Animal toxicity
studies with orally dosed PFOA of short-term, subchronic and chronic duration are
available in multiple species including monkeys, rats, and mice. In addition,
developmental toxicity and reproductive toxicity and carcinogenicity were studied in mice
and rats. These studies report developmental effects, liver and kidney toxicity, immune
effects, and cancer (liver, testicular, and pancreatic). Developmental effects observed in
animals include decreased survival, delayed eye opening and reduced ossification,
skeletal defects, altered puberty (delayed vaginal opening in females and accelerated
puberty in males) and altered mammary gland development.

Human epidemiology data report associations between PFOA exposure and a number of
disorders and diseases. The examined populations were workers at PFOA production
plants, a high-exposure community population near a production plant in the United
States (the C8 cohort) and members of the general population in the United States,
Europe, and Asia. In its review of the epidemiological evidence for PFOA, RIVM (Rijs &
Bogers, 2017) selected the following effects reported in the available epidemiology
studies for further evaluation: increased liver enzymes and liver disease, testicular and
kidney cancer, pregnancy-induced hypertension and pre-eclampsia, decreased birth
weight, increased serum uric acid concentration, ulcerative colitis, changes in blood lipid
concentrations, decreased vaccination response and thyroid disorders. The weight of
evidence for an association between PFOA and these effects was concluded to be
variable. For some effects inconsistencies were noted, for others the influence of possible
confounders could not be ruled and for others the biological significance was doubtful.
The evidence for decreased birth weight and increased cholesterol is strongest but even
for these effects uncertainty remains about the causality of the observed association (Rijs
& Bogers, 2017). Because of the limitations in the available epidemiological evidence,
most international organizations do not use these data for quantitative dose response
analysis and risk assessment.
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In animal studies with PFOA, changes in liver weight and hepatocellular hypertrophy were
the most common effects observed with or without other hepatic indicators of adversity.
Liver contains the highest levels of PFOA when analysed after test animal sacrifice. The
increases in liver weight and hypertrophy as seen in rodent studies may be associated
with activation of the cellular peroxisome proliferator-activated receptor a (PPARa). The
PPARa response in the liver is known to be greater in rodents than in humans. But
increased liver weight and hypertrophy were also observed in monkeys. In its 2016 risk
assessment for PFOA, RIVM concluded liver effects to represent the most sensitive
endpoint for PFOA-toxicity (Zeilmaker et al., 2016). In the derivation of a health-based
guidance value (HBGV) for PFOA, RIVM (Zeilmaker et al., 2016) initially selected a
subchronic study in monkeys in which increased liver weight and hypertrophy were seen,
but rejected this study upon evaluation due to inconsistencies in the serum PFOA-levels
that were reported for the different dose groups. As a replacement a subchronic study in
rats (Perkins et al., 2004) was used, which included measurement of the serum PFOA
levels. In deriving the HBGV for PFOA, the NOAEL from this rat study was divided by a
reduced interspecies factor because of the known higher susceptibility to liver effects by
PFOA in rodents compared to humans (for the complete derivation see below).

In reproduction toxicity studies in mice reduced fertility and reduced sperm counts were
observed (NOAEL of 2.5 mg/kg bw per day). Developmental toxicity in mice and rats
showed decreases in pup weight as the most sensitive effect (NOAEL of 1 mg/kg bw per
day). In addition, several developmental toxicity studies in mice showed delayed
mammary gland development in female offspring at very low maternal dose levels. The
biological significance of this effect is unknown. RIVM noted that other hormone-related
parameters in these studies showed no effect and concluded that further research on this
possible effect is needed. This effect was therefore not used for deriving an NOAEL.

Rat bioassays showed increased incidences of tumours in liver, testes and pancreas.
Epidemiological studies in a population living in the vicinity of a PFOA production plant in
the USA and in workers of this plant showed an association between PFOA exposure and
testicular cancer and kidney cancer. As stated above, IARC concluded the rat bioassay
results to represent limited evidence in experimental animals and the positive
associations as seen in the epidemiological studies to represent limited evidence for a
carcinogenic effect by PFOA in humans. Available information on PFOA genotoxicity and
mechanistic information for the induction of the observed tumours indicates a non-
genotoxic mode of action (DWQI, 2017; US EPA, 2016; Zeilmaker et al., 2016). For the
derivation of a HBGV for PFOA this means that a threshold in its toxic action is assumed
and that a HBGV can be derived via application of the appropriate assessment factors to
a selected point of departure in the form of an adequate NOAEL or BMDL.
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Subject

In the past, the companies DuPont/Chemours in Dordrecht and Custom Powders in Hel-
mond emitted the substances GenX' and PFOA into the air and surface water. The emis-
sion of GenX by DuPont/Chemours is ongoing. Consequently, the area in the vicinity of
these companies (soil, water and vegetation) became polluted, as communicated by the
National Institute for Public Health and the Environment (RIVM) with the the city council
of Dordrecht in July and September 2018. One of the conclusions was that ditchwater
showed high levels of GenX and PFOA. This might be a potential concern for livestock
drinking from that ditchwater. At that moment no firm conclusions were drawn regarding
the transfer of GenX and PFOA to milk and edible tissue of livestock consuming this
ditchwater.

The Office for Risk Assessment and Research (BURQO), has requested the Front Office
Food and Product Safety to address three questions related to the transfer of GenX and
PFOA in ditchwater to lactating cows and sheep. A fourth question related to the transfer
of GenX and PFOA in silage to lactating cows was added at a later stage to this request.

Questions

BuRO has asked the following questions with respect to the transfer of GenX and PFOA in

ditchwater and silage to lactating cows and/or sheep.

1. Model the transfer of GenX and PFOA from ditchwater to edible products from lactating
cows and sheep (milk and meat);

2. Estimate the intake of GenX and PFOA for consumers based on the theoretical (mod-
elled) concentrations in milk and meat of dairy cattle and lactating sheep;

3. Calculate the possible concentrations of GenX and PFOA in ditchwater when concentra-
tions of GenX and PFOA occur at the analytical LOQ of 0.01 ng/g in cow’s milk (based
on reversed dosimetry modelling).

4. Estimate the transfer of GenX and PFOA from silage to milk and meat from lactating
cows and sheep.

1 GenX refers to hexafluoropropyleneoxide dimer acid (HFPO-DA), or to its ammonium salt, as used in the GenX technology.
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Conclusions

1) A transfer model for PFOS in dairy cows was adapted for the transfer of PFOA from
ditchwater to cow’s milk and muscle meat. The highest intake of PFOA through the con-
sumption of contaminated ditchwater (510 ug/day) resulted in modelled concentrations
in milk and meat of 0.06 ng PFOA/g and 0.28 ng PFOA/g, respectively.

In species which show extensive renal PFOA clearance such as dairy cattle (and lactating
sheep) it was assumed that comparable exposure of GenX and PFOA leads to lower con-
centrations of GenX in tissues and milk than PFOA.

Therefore, given the fact that the exposure to GenX from ditchwater is lower (approxi-
mately a factor 5), the expected concentration in milk and meat of dairy cattle is equal
to or lower than 0.01 ng GenX/g resp. 0.06 ng GenX/g.

Only one pilot study described the kinetics of PFOA in sheep (n=2) after exposure from
silage and the information does not allow us to develop a transfer model for this matrix
or ditchwater in sheep. Reported transfer of PFOA to the carcass was (more or less)
similar for sheep and dairy cattle, whereas transfer of PFOA to milk was possibly higher
in sheep. These data need experimental confirmation before the relevance of the trans-
fer of PFOA (and GenX) to milk and meat of sheep for human exposure can be evaluat-
ed.

2) For milk and meat of dairy cattle, the human exposure to PFOA and GenX, based on
the calculated transferred concentrations of PFOA and GenX in milk and meat of dairy
cattle, will be negligible and therefore do not pose a health risk. For milk and meat of
sheep, more data on transfer are needed before a conclusion on human health risk can
be drawn.

3) Reverse dosimetry could only be performed for PFOA. A PFOA concentration in milk at
the analytical LOQ level (0.01 ng/g) leads to a modelled intake of 89 ug PFOA per dairy
cow per day. This intake corresponds to a calculated PFOA concentration in ditchwater of
(approximately) 810-1100 ng/L.

4) Due to the fact that (excluding other sources) the intake of PFOA through silage is 22
times lower than the intake through ditchwater it is concluded that in dairy cattle the
concentrations in meat and milk will be 0.01 ng PFOA/g or 0.003 ng/g. As levels of
GenX in silage were below the LOQ the transfer of GenX from silage to milk and meat of
dairy cattle is considered negligible.

As mentioned under 1) calculations for the transfer of GenX and PFOA from silage to
milk and meat from lactating sheep cannot yet be assessed.
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Introduction

As a result of long-lasting emissions from the DuPont/Chemours chemicals company in
Dordrecht, the substances GenX and PFOA have been emitted into the environment via
the air and surface water. Consequently, the area in the vicinity of the factory (soil, water
and vegetation) became polluted. In July 2018 the National Institute for Public Health
and Environment (RIVM) has informed the city council of Dordrecht in a letter on the
provisional results of research carried out in soil and irrigation water (RIVM 2018a). One
of the conclusions was that ditchwater showed high levels of GenX and PFOA. This might
be of concern for livestock consuming that ditchwater. In this letter it was mentioned that
watering livestock at the observed high levels of GenX and PFOA in ditchwater should be
avoided. In September a final report and an accompanying letter were sent to the city
council of Dordrecht (RIVM 2018b). In the report, amongst others, concentrations of
GenX and PFOA in ditchwater at five different locations in the vicinity of the
DuPont/Chemours factory were given. At that moment no conclusions were drawn re-
garding the transfer of GenX and PFOA to milk and meat of livestock consuming that
ditchwater.

In May 2018, the Netherlands Food and Consumer Product Safety Authority (NVWA) took
samples of edible products of food producing animals (dairy products and fish) and silage
in the vicinity of DuPont/Chemours company in Dordrecht and Custom Powders in Hel-
mond. At that moment, the detection and quantification limits of the analytical method to
analyse these compounds were not low enough for performing a risk assessment. In oth-
er words, if all concentrations would be below these limit values, the calculated exposure
using concentrations at these limit values (worst case) would exceed the health-based
guidance value. In that case, a realistic conclusion about a possible health risk cannot be
drawn.

In September 2018, the FO calculated how low the LOQ for analysis of GenX and PFOA in
animal products should be to be able to perform a quantitative risk assessment. There-
fore, GenX and PFOA concentrations for animal products including egg, meat (beef) and
cow’s milk at which a high consumption of each product would result in an exposure
equal to 20% of the TDI of GenX or PFOA were calculated (FO, 2018). These concentra-
tions are referred to as ‘20% TDI concentrations’. No such concentrations were derived
for cheese and yoghurt. The 20% TDI concentrations of GenX and PFOA in milk were re-
spectively 0.1 and 0.06 ng/g (or ng/mL). For meat they are 1.3 ng GenX/g and 0.8 ng
PFOA/g. The way these concentrations were derived is described in more detail in “Risk
assessment of GenX and PFOA in food; Part 1: Toxicity of GenX and PFOA and intake of
contaminated food of animal origin” (FO, 2019). If all concentrations (whether measured,
modelled or reasoned) of GenX and PFOA are below these 20% TDI concentrations, a
health risk can be excluded. If the concentrations are higher, an exposure assessment is
required to assess possible health risks.

On 10 January 2019 the concentrations of GenX and PFOA in dairy products, fish and
silage were sent to the Office for Risk Assessment and Research (BuRO). BuRO has re-
quested the FO Food and Product Safety to address the above-mentioned questions re-
lated to the transfer of GenX and PFOA in ditchwater to lactating cows and sheep and the
transfer of GenX and PFOA in silage to lactating cows and sheep. In Part 1, the risk relat-
ed to the consumption of contaminated milk and meat was addressed (FO, 2019).
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Toxicology

PFOA

Perfluoro-octanoic acid (CAS no. 335-67-1) (pentadeca-fluoro-octanoic acid, PFOA) and
its salts are used as processing aid in the production of fluoro-elastomers and fluoropoly-
mers, with PTFE being an important fluoropolymer. In addition, PFOA-related compounds
are used as surfactant (in fire-fighting foams, wetting agents and cleaners) and for the
manufacture of side-chain fluorinated polymers (used as surface finishes for textiles and
apparel, leather, paper and cardboard, paints, lacquers etc.). In 2016, RIVM derived a
tentative TDI (t-TDI) of 12.5 ng/kg bw per day for PFOA (Janssen, 2017). This t-TDI was
based on an overall no-observed adverse level (NOAEL) of 0.06 mg/kg body weight (bw)
per day for liver toxicity in a semi-chronic oral study in rats (Perkins et al. (2004).

For information on the toxicity of PFOA we refer to part 1 of the risk assessment of GenX
and PFOA in food (FO, 2019).

GenX

The chemicals FRD-902 and FRD-903, referred to as “"GenX chemicals”, are the main
substances associated with the GenX processing aid technology that enables the produc-
tion of fluoropolymers. FRD-902 is the dimer ammonium salt (ammonium-2,3,3,3-
tetrafluoro-2-(heptafluoropropoxy)-propanoate; CAS no. 62037-80-3) and FRD-903 is
the dimer acid (2,3,3,3-tetrafluoro-2 (heptafluoropropoxy)propanoic acid; CAS no.
13252-13-6). Under environmental and physiological conditions, such as in water or in
blood, FRD-902 and FRD-903 will dissociate into the ion HFPO-DA (hexafluoropropylene-
oxide dimer acid ion), which is responsible for the observed toxicological effects. In this
assessment, the ion HFPO-DA is referred to as GenX. In 2017, RIVM derived a tentative
TDI (t-TDI) of 21 ng/kg bw per day for GenX (Janssen, 2017). This t-TDI was based on
an overall no-observed adverse level (NOAEL)? of 0.1 mg/kg body weight (bw) per day
from a chronic oral study in rats with increased albumin/globulin ratio in serum as the
critical effect (Beekman et al., 2016).

For information on the toxicity of GenX we refer to part 1 of the risk assessment of GenX
and PFOA in food (FO, 2019).

Rationale of transfer assessment

This assessment focuses on the transfer of PFOA and GenX from contaminated ditch wa-
ter or silage to milk and meat from dairy cattle and lactating sheep. Quantifying such
transfer needs experimentally observed transfer, ideally in conjunction with a computer
model describing the experimental observations (the latter enabling extrapolation of the
experimental settings across dosage, matrix and exposure time duration, etc.).

PFOA: Dairy cattle (modelling approach)

As shown below an experimental study on the transfer of PFOA and its structure ana-
logue PFOS from contaminated (grass) silage and hay to milk and meat of dairy cattle
(N=6) is available. Only a PFOS transfer model based on this study is available. However,
the PFOA transfer data of this study enabled the scaling of the PFOS model to PFOA (this
assessment, for details, see Annex 1). This scaled PFOA model was used to quantify the
transfer of this compound from ditch water or silage to milk and meat of dairy cattle (not
taking into account other sources of exposure).

PFOA: Lactating sheep (experimental approach)

With regard to lactating sheep (N=2), only a pilot study on the transfer of PFOS and
PFOA from contaminated (corn) silage and hay to milk and meat is available (see below).
The results of this study therefore do no warrant the development of a transfer model for
either of these PFASs. Furthermore, in livestock allometric scaling of PFAS kinetics does

2 The highest dose administered in an animal study at which no adverse effects are observed
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not apply (compare for example dairy cattle (Kowalczyk et al., (2013) with pigs (Numata
et al. 2014). Therefore, the PFOA/PFOS transfer model in dairy cattle was not allometri-
cally scaled from this species to sheep. In this assessment the transfer of PFOA from
ditch water or silage to milk and meat of lactating sheep was based on the available ex-
perimental data (not taking into account other sources of exposure). The available study
being a pilot, however, urges to consider the assessed transfer only as indicative.

GenX (reasoning approach)

Dairy cattle and lactating sheep show comparable, extensive renal clearance of PFOA.
GenX and PFOA show comparable renal clearance in rodents and monkeys (see below).
Due to lack of information on the transfer of GenX to farming animals it is assumed that
dairy cattle and lactating sheep also show extensive renal clearance of GenX (for reason-
ing, see below).

Literature search: Transfer models

Different PubMed search strings were used to obtain information on the transfer of GenX
or PFOA in dairy cows, cattle, sheep or lamb. The search initially addressed GenX and
PFOA. However, as information on GenX and PFOA appeared limited the search was ex-
tended to PFOS. For dairy cattle only a transfer model for PFOS was found. In the case of
lactating sheep no transfer model was found for PFOS, PFOA or GenX.

Ditch water and silage sampling of PFOA and GenX

Single samples of ditchwater were taken at five different sites within a distance (radius)
of four kilometres from the DuPont/Chemours factory (Van Poll, 2018). The samples were
analysed in duplicate. The average concentrations of GenX and PFOA at these sites (in-
cluding their distance from the factory) are given in table 1. These results are also de-
picted in figure 1, which is taken from the report of Van Poll (Van Poll, 2018).

Table 1. Average concentrations of GenX and PFOA in ditchwater (in ng/L) at five differ-
ent locations (codes and distances of locations are given) around Dordrecht.

Location code | Sub code Location Distance GenX PFOA
number (km) (ng/L) (ng/L)
G3LOC4 WA2 8 <1 956.5 4670
G2L0OC3 WA1 6 1-2 133.5 660.5
G2L0OC1 WA2 4 1-2 97.5 566
G1LOC3 WA2 3 2-3 24.5 172.5
G3LOC3 WA2 10 3-4 9.7 40.5
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Figure 1. Average concentrations (in ng/L) of GenX (in red and italic) and PFOA (in black)
in ditchwater at five different locations around Dordrecht. Ditchwater samples were taken
at locations, numbered 3, 4, 6, 8 and 10.

Ten samples of silage were taken in the vicinity of Dordrecht and Helmond. No GenX
could be detected in these samples (< 250 ng/kg). Only in two samples could PFOA be
detected, concentrations were 540 and 600 ng/kg (measurement on basis of whole prod-
uct).

Exposure scenarios

Lactating cow: PFOA and GenX exposure from ditchwater or silage

As shown in Table 1 the measured concentration of PFOA in ditchwater ranged from 40.5
to 4670 ng/L. Similarly, the GenX concentration ranged from 9.7 to 956.5 ng/L.
Regarding the drinking water intake, lactating cows consume different volumes of drink-
ing water per day, with (total) water intake depending on factors like ambient tempera-
ture, body weight, dry matter intake, milk production, etc. (Kume et al., 2010; Meyer et
al., 2004; Murphy MR, 1992; National Research Council, 2001). Average drinking water
consumption was used in combination with the conservative assumption that cows solely
consume contaminated ditchwater. As model input for PFOA transfer model calculations,
an average drinking water intake of 80 L/day for (mature) lactating cows (weighing 600
kg; milk yield: 29.5 kg day™) ranging to a maximum drinking water intake of 110 L/day
(weighing 600 kg; milk yield: 35 kg day™) was used (Kume et al., 2010; Meyer et al.,
2004; National Research Council, 2001). Then, given the maximal measured GenX and
PFOA concentrations, the ditchwater intake for lactating cows is calculated at 110*956,5
= 110,000 ng GenX/day respectively 110*4670 = 510,000 ng PFOA/day.

PFOA, but not GenX, was detected in two samples of silage at comparable concentrations
of 540 and 600 ng/kg. On average dairy cows consume 25 to 38.5 kg (grass) silage per
day wet weight (Berende, 1998; Vestergren et al. 2013). As worst case (winter) scenario,
the average intake of PFOA through silage for lactating cows is approximately 38.5*600
= 23,000 ng PFOA/day.
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Lactating cow: PFOA transfer (modelling)

Van Asselt et al. (2013) described a transfer model for PFOS in dairy cows. This model
represents the body to be composed of blood and carcass, with PFOS being eliminated by
milk clearance from the blood compartment. The model was calibrated on experimental
results of a transfer experiment in which dairy cows were exposed to contaminated
hay/grass silage for a 28 day period, followed by a 22 day wash-out period (Kowalczyk et
al., 2013; intake: 7.6 + 3.2 ug PFOS kg bw™ day™). Note that the modal calibration re-
sulted in complete absorption of PFSA from the silage matrix. Model output consists of
the PFOS concentration in the blood, carcass, milk and urine.

Next to PFOS, Kowalczyk et al. (2013) also provide PFOA transfer data in dairy cows.
These data allowed the scaling of the PFOS model to PFOA. In concordance with the dif-
ferences of PFOS and PFOA kinetics in dairy cows this scaling consisted of introducing
renal clearance as the major route of excretion (while maintaining milk clearance as a
minor PFOA route of excretion) in conjunction with minimizing PFOA transport from the
blood to the carcass. Carcass is assumed to consist (mainly) of muscle, liver and kidney.
Concentrations in muscle are expected to be half of the carcass concentrations. Further-
more, as for found for PFOS, the model applies complete absorption of PFOA from silage
and, hence, ditchwater. As shown in Annex 1, Figure 4 this scaling resulted in an ac-
ceptable description of PFOA transfer data in dairy cows.

Lactating cow: PFOA reverse dosimetry (modelling back calculation from concentration in
cow’s milk to corresponding ditchwater concentration)

In order to calculate the possible concentrations of PFOA in ditchwater based on reversed
dosimetry modelling (question 3) the above mentioned RIVM PFOA transfer model was
used. The present analytical LOQ of PFOA in cow’s milk (0.01 ng/g), was used as model
input for the reverse dosimetry calculation. In this calculation the cow’s model was used
to calculate the PFOA intake through ditchwater which would lead to a milk concentration
corresponding with the current analytical LOQ. Applying the above-mentioned water con-
sumption of lactating cows, the corresponding concentration of PFOA in ditchwater can be
calculated (assuming no additional exposure from other sources than ditchwater).

Lactating cow: GenX transfer (assumption)

In rodents and monkeys, GenX and PFOA preferentially partition into the blood (Bu-
tenhoff et al., 2004; Gannon et al., 2016). Though renal clearance is the major excretion
pathway for both compounds, GenX is removed from the blood faster than PFOA (Gannon
et al., 2013 and references therein). From this it concluded that, due to a more efficient
renal clearance of GenX, its partitioning from blood to milk and tissues is less efficient
than that of PFOA. Therefore, in species which show extensive renal PFOA clearance such
as dairy cattle (and lactating sheep) it was assumed that comparable exposure of GenX
and PFOA leads to lower concentrations of GenX in tissues and milk than PFOA.

Lactating sheep: PFOA and GenX exposure from ditchwater and silage

Given a body weight of around 60 kg for lactating sheep (Kowalczyk et al., 2012) and a
daily drinking water consumption of 6 L/day, i.e. 10% of body weight, containing a (max-
imal) concentration of 4670 ng PFOA/L corresponds with a maximum intake of 6*4670 =
28,000 ng PFOA/day, i.e. 28,000/60 = 500 ng PFOA/kg bw/day (thereby excluding all
other exposure sources). Similarly, taking a (maximum) concentration of 956,5 ng
GenX/L corresponds to a maximum intake of 6*956,5 = 5700 ng GenX/day, i.e. 5700/60
= 95 ng GenX/kg bw/day.

For lactating sheep, Kemme et al. (2005) mention for dairy sheep a yearly meadow grass
consumption of 364 kg dry matter plus 58 kg of wet weight grass silage. Assuming
meadow grass to contain 40% dry matter (http://eurofins-agro.com/nl-nl/wiki/droge-
stof) this yearly corresponds to 364/0,40 + 58 = 970 kg wet weight grass silage, i.e.
around 2.7 kg wet weight grass silage daily. Given a PFOA concentration of 600 ng
PFOA/kg (see above) this results in a daily intake of 2.7 * 600 = 1600 ng PFOA, i.e.
1600/60 = 27 ng PFOA/kg bw/day.
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Lactating sheep: PFOA transfer (experimental)

As mentioned above, no transfer model was found for PFOS, PFOA or GenX transfer in
dairy cattle or lactating sheep. However, Kowalczyk et al. (2012) describe a pilot experi-
ment in two sheep on the transfer of PFOA from contaminated corn silage and hay to
milk (N=2) and meat (N=1). One sheep was exposed for a period of 21 day to a dose of
0.53 pg/kg bw/day, after which PFOA was measured in milk, liver, kidneys and muscle
tissue. The other sheep was exposed for 21 days to 0.43 ug PFOA/kg bw/day, followed by
a wash-out period of 21 days. In both sheep PFOA was mainly eliminated by renal clear-
ance. In this sheep PFOA was completely cleared from the tissues within 10 days after
the PFOA feeding period had stopped. The results of this experiment were used to esti-
mate the transfer of PFOA and GenX from ditchwater to milk and meat, i.e. muscle tis-
sue, and PFOA from silage.

Lactating sheep: GenX transfer (assumption)
As in dairy cattle it was assumed that comparable exposure of GenX and PFOA to lactat-
ing sheep leads to lower concentrations of GenX in tissues and milk than PFOA.

Results

Dairy cattle: PFOA

PFOA transfer from ditch water to cow’s milk and meat

In the PFOA transfer model a (maximum) intake of 510 pg/day from ditchwater leads to
PFOA concentrations in milk and muscle meat of 0.06 ng/g and 0.28 ng/g (carcass: 0.54
ng/g), respectively (see Annex 1). This low transfer to milk and meat is mainly due to a

high renal excretion of PFOA in dairy cows. The modelled concentrations are at or lower

than the 20% TDI concentration of PFOA for milk (0.06 ng/g) and meat (0.8 ng/g).

PFOA reverse dosimetry (back extrapolation from cow’s milk to ditch water)

When the (analytical) LOQ of PFOA in milk (0.01 ng/g) was used in the model to back
extrapolate the (theoretical) intake of dairy cows, a dose of 89 ug/day was calculated.
This results in a calculated PFOA concentration in ditch water of (approximately) 1100
ng/L (for a ditch water intake of 80 L/day) and 810 ng/L (for a ditch water intake of 110
L/day). This means that whenever the concentration of PFOA in ditch water is below (ap-
proximately) 810 ng/L, it is likely that concentrations in milk will not exceed the (analyti-
cal) LOQ of PFOA in milk.

PFOA transfer from silage to cow’s milk and meat

The intake of PFOA through consumption of contaminated silage of approximately 23
pg/day is much lower than the intake of PFOA through ditch water, i.e. 510 ug/day. The
modelled transferred PFOA concentration to milk and meat from silage is 23/510* 0.06 =
0.003 ng/g milk and 23/510*0.28 = 0.01 ng/g meat.

Dairy cattle: GenX

The (maximal) exposure to GenX via ditchwater is almost five-fold lower than the (max-
imal) PFOA intake, i.e. 110 vs. 510 pg/day. The assumed GenX concentrations in milk
and muscle meat then are lower than 0.06/5 = 0.01 ng/g resp. 0.28/5 = 0.06 ng/g.
Note that the calculated GenX concentrations in milk and muscle meat also are lower
than the GenX 20% TDI concentration of 0.1 ng/g for milk and 1.3 ng/g for meat and the
the analytical LOQ of 0.1 ng/g for GenX in milk.

Sheep: PFOA and GenX
As mentioned above, one publication addressed the transfer of PFOA (and PFOS) from
contaminated feed to milk and meat of two sheep (Kowalczyk, 2012).

In one sheep (sheep 2) the distribution of PFOA was experimentally determined over a
21 day exposure period at a dose of 0.53 ug/kg bw/day. In plasma PFOA increased dur-
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ing the first 9 days of the 21 day exposure period to a peak concentration. Milk was col-
lected across the exposure period. After slaughter at the end of the exposure period,
PFOA was measured in the liver, the kidneys and the muscle tissue, i.e. meat. As in dairy
cows, the concentration of PFOA in milk was around or just above the LOD (see Table 2).

The other sheep (sheep 1) was exposed for 21 days to 0.43 ug PFOA/kg bw/day, followed
by a wash-out period of 21 days. In this sheep plasma levels hardly peaked during the
exposure period and were found substantially lower than in sheep 2 across the 21 day
exposure period. Milk was collected across the exposure period. In this sheep PFOA was
completely cleared from the plasma within 10 days after the PFOA feeding period had
stopped.

Given a body weight of around 60 kg for lactating sheep (Kowalczyk et al., 2012) and a
daily drinking water consumption of 6 L/day, i.e. 10% of body weight, containing a (max-
imal) concentration of 4670 ng PFOA/L corresponds with an exposure of 6*¥4670/60 =
500 ng PFOA/kg bw/day (thereby excluding all other exposure sources). At this exposure
level the PFOA concentration in milk is expected to be approximately 0.2 - 0.7 ng/g resp.
and in meat 0.2 ng/g (see Table 2).

The exposure to PFOA from silage was calculated at 27 ng PFOA/kg bw/day. The corre-
sponding PFOA concentration range in milk is estimated to be = 0.01 ng/g (27/500%*0.2)
- 0.04 ng/g (27/500*0.7). In meat this is approximately 0.01 ng/g (27/500%*0.2).

The exposure to GenX from ditch water was calculated at 95 ng GenX/kg bw/day (ap-
proximately one fifth of the PFOA exposure). The GenX concentration in sheep milk is
expected to be lower than 0.2/5 - 0.7/5 = 0.04 - 0.14 ng GenX/g and in meat lower than
0.2/5 = 0.04 ng/g. These concentrations are at or below the analytical LOQ of 0.1 ng/g
for GenX in milk.

Table 2. Comparison of the concentration (ng/g wet weight, + SD) of PFOA in dairy cows
(N=3) exposed for 28 days to 2.0 + 1.1 pg/kg bw/day from contaminated hay/grass si-
lage and two lactating sheep exposed for 21 days to 0.43 ug/kg bw/day (sheep 1, S1)
resp. 0.53 ug/kg bw/day (sheep 2, S2) from contaminated hay/corn silage (data taken
from Kowalczyk et al. 2012; 2013).

Organ Cow Sheep

Liver 10.1 + 1.9° S2: 2.6°

Kidney 8.7 + 3.9° S2: 4.8°

Muscle 0.6 + 0.33 S2:0.23
Milk 0.14 + 0.05! S1: 0.2 + 0.1°
S2: 0.7 + 0.5

! Figure 3B, obtained from LOD: 0.1 ng/g; >LOD: 0.2 ng/g, average of 15 samples during
the 21 day exposure period (Ranges: Sheep 1: < LOD - 0.5 ng/g; Sheep 2: < LOD - 1.3
ng/g); 3 LOD: 0.2 ng/g.

Consequences for human exposure

Table 3 provides an overview of the calculated PFOA transfer in dairy cattle. As shown the
calculated transfer from ditch water or silage to milk remains below the 20% TDI concen-
tration for PFOA in milk, i.e. 0.06 ng PFOA/g or meat, i.e. 0.8 ng PFOA/g.

In the case of milk in sheep the transfer calculations suggest otherwise (see above).
However, in interpreting the sheep transfer calculations it should be noted that the trans-
fer to milk was observed in only two sheep showing quite different (and partly aberrant)
PFOA (and PFOS) kinetics. Secondly, taking Table 2 as a reference, the available transfer
data in dairy cattle and lactating sheep indicate that PFOA transfer to organs and tissues
is comparable in both species, but transfer to milk not. Regarding the latter, the limited
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available data suggest a much higher transfer, i.e. up to 6 - 20 fold, of PFOA from the
blood to milk in lactating sheep than in dairy cattle. For this reason it is concluded that
the observed transfer of PFOA in lactating sheep to milk needs to be confirmed beyond
the pilot experiment in which it was assessed in order to draw a more definitive conclu-
sion on the relevance of such transfer for human exposure assessment. Furthermore,
consumption data on sheep milk (by different population groups) in the Netherlands is
not available in the Dutch Food Consumption Survey.

Table 3. Overview of calculated PFOA or GenX concentrations (ng/g) in milk and meat of
dairy cattle after exposure to these chemicals via contaminated ditch water or grass si-
lage.

Dairy cattle PFOA GenX
Milk Meat Milk Meat
Ditch water 0.06! 0.28! < 0.01° < 0.06°
Silage 0.003! 0.01! X3 X3

1 Modelled; ? Reasoned assumption, i.e. assuming less efficient transfer of GenX relative
to PFOA at comparable exposure; * X: negligible, in other words: below LOD.

Answers
Based on the results described above the answers to the four questions asked by the
Office for Risk Assessment and Research are given underneath.

Question 1

Model the transfer of GenX and PFOA from ditch water to edible products from lactating
cows and sheep (milk and meat).

Answer 1

A transfer model for PFOS in dairy cows was adapted for the transfer of PFOA from
ditchwater to cow’s milk and muscle meat. The highest intake of PFOA through the con-
sumption of contaminated ditchwater (510 pg/day) resulted in modelled concentrations
in milk and meat of 0.06 ng PFOA/g and 0.28 ng PFOA/g, respectively.

In species which show extensive renal PFOA clearance such as dairy cattle (and lactating
sheep) it was assumed that comparable exposure of GenX and PFOA leads to lower con-
centrations of GenX in tissues and milk than PFOA.

Therefore, given the fact that the exposure to GenX from ditchwater is lower (approxi-
mately a factor 5), the expected concentration in milk and meat of dairy cattle is equal to
or lower than 0.01 ng GenX/g resp. 0.06 ng GenX/g.

Only one pilot study described the kinetics of PFOA in sheep (n=2) after exposure from
silage and the information does not allow us to develop a transfer model for this matrix
or ditchwater in sheep. Reported transfer of PFOA to the carcass was (more or less) simi-
lar for sheep and dairy cattle, whereas transfer of PFOA to milk was possibly higher in
sheep. These data need experimental confirmation before the relevance of the transfer of
PFOA (and GenX) to milk and meat of sheep for human exposure can be evaluated.

Question 2

Estimate the intake of GenX and PFOA for consumers based on the theoretical (modelled)
concentrations in cow’s milk and meat.

Answer 2

For milk and meat of dairy cattle, the human exposure to PFOA and GenX based on the
calculated transferred concentrations of PFOA and GenX in milk and meat of dairy cattle
will be negligible and therefore do not pose a health risk. For milk and meat of sheep,
more data on transfer are needed before a conclusion on human health risk can be
drawn.

Front Office Food and Product Safety Status: Final Page 10 of 20




Question 3

Calculate the possible concentrations of GenX and PFOA in ditchwater when concentra-
tions of GenX and PFOA occur at the current limit of quantification of GenX and PFOA in
cow’s milk (based on reversed dosimetry modelling).

Answer 3

Reverse dosimetry could only be performed for PFOA. A PFOA concentration in milk at the
analytical LOQ level (0.01 ng/g) leads to a modelled intake of 89 ug PFOA per dairy cow
per day. This intake corresponds to a calculated PFOA concentration in ditchwater of (ap-
proximately) 810-1100 ng/L.

Question 4

Estimate the transfer of GenX and PFOA in silage to milk and meat from lactating cows
and/or sheep.

Answer 4

Due to the fact that (excluding other sources) the intake of PFOA through silage is 22
times lower than the intake through ditchwater it is concluded that in dairy cattle the
concentrations in meat and milk will be 0.01 ng PFOA/g or 0.003 ng/g. As levels of GenX
in silage were below the LOQ the transfer of GenX from silage to milk and meat of dairy
cattle is considered negligible.

As mentioned under 1) calculations for the transfer of GenX and PFOA from silage to milk
and meat from lactating sheep cannot yet be assessed.
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Annex 1. Transfer models for contaminants in dairy cows: PFOS/PFOA

1. Introduction

In dairy cows PFOS and PFOA show quite different kinetics. For example, in the case of
PFOS, milk is found the major route of excretion, with urinary excretion being negligible.
Milk clearance however does not prevent PFOS accumulation in the blood and the carcass
(as represented by muscle, liver and kidney), with the concentration in blood = liver >
kidneys >> muscle>> milk. In contrast, PFOA is only marginally detected in milk, i.e.
levels just up to twofold above the LOD (0.1 pg L™). Levels in tissues were negligible
when compared to an equal PFOS dosing. PFOA excretion occurs mainly via the urine
with concentrations in urine >> plasma >> milk (Kowalczyk et al., 2013).

The modeling of PFOS has been addressed before (Van Asselt et al., 2013 and specifica-
tions herein). Here the basics of the PFOS model are summarized and its scaling to PFOA
is described.

2. PFOS transfer model

The PFOS transfer model for dairy cows describes the uptake of PFOA from a feed matrix
into the (free) PFOS fraction of blood serum. From circulating blood PFOS may be distrib-
uted into the cow’s carcass or cleared towards bound serum PFQOS, which in turn is
cleared into the milk or urine (Van Asselt et al., 2013). The model contains six unknown
parameters, i.e. the fraction PFOS absorbed from hay/grass silage feed matrix, the free
— bound clearance in the serum, the bound serum — milk clearance, the bound serum —
urinary clearance, the serum flow-rate to the carcass and the serum-carcass partition
coefficient. Analogous to Derks et al. (1993) the modeled cow’s net body weight was set
at 600 kg, the liver percentage of net body weight at 1.9%, the kidney fraction of net
body weight at 0.3%, the blood volume fraction of net body weight at (9.3%) and the
muscle fraction of net body weight at 35%. The carcass PFOS concentration was calcu-
lated as the weighted mean of the muscle, liver and kidney concentrations.

The PFOS transfer model was calibrated/verified on the basis of experimental results of
Kowalczyk et al.(2013). In this study dairy cows (Holstein Friesian, body weight: 583 kg;
N=6) were continuously exposed to hay-grass silage obtained from contaminated farm-
land for 28 days (upload phase, for intake data see Figure 1, N=3) or for 28 days fol-
lowed by a wash-out period of 22 days (N=3). During the upload phase the overall aver-
age was 7.6 + 3.2 ug kg bw™ day™. As shown in Figure 1 for PFOS and Figure 3 for PFOA
the intake during the 28 day upload phase showed a relative high intake between day 8
to 14, probably reflecting a quite high variability in the contamination level of different
farmland batches. The experimental results of the exposure + wash out period for 3 cows
were used to estimate unknown model parameters, whereas the results of the upload
phase for the other 3 cows were used for validation purposes.

Of the six unknown parameters three, i.e. the fraction PFOS absorbed from hay/grass
silage feed matrix and the milk and urinary clearances could unconditionally be identified.
The remaining three parameters, i.e. the free — bound clearance in the blood, the blood
flow-rate to the carcass and the blood-carcass partition coefficient appeared conditionally
identifiable (for details, see Van Asselt et al., 2013). As shown in Van Asselt et al. (2013,
Figures 2 and 3, corresponding model specifications: see Table 1) the model clearly indi-
cated PFOS to accumulate in blood serum, milk and carcass, with urinary excretion being
negligible, eventually leading to a “steady state” situation (see Figure 2). Note that, as
expected for bioaccumulating compounds, the time course of the accumulation does not
visually reflect the time course of the daily intake.
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Figure 1. The daily intake (ug/day) of PFOS from contaminated hay-grass silage for a
period of 28 days in dairy cows (individual data corresponding with Kowalczyk et al.
(2013) supplied by WUR/RIKILT).

Table 1. PFOS model specifications (Van Asselt et al., 2013).

Daily intake: Individual intake as specified in Kowalczyk et al. (2013)(ug day™)
Milk yield: Individual milk yield as specified in Kowalczyk et al. (2013)(L day™)

Fraction PFOS absorbed 1

SeruMsee — S€ruUMpoung Clearance (CL,)! 3.6 Lday*
SeruMmpoung — Milk clearance (CL,,) 0.017 L day™
Serumpyoung — Urine clearance (CL,) 0 L day™
Carcass < Serumgee blood flow (Q.) 13.4 L day
Serumg.. -carcass partition coefficient (P.) 28

! homenclature as in Van Asselt et al. (2013)
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Figure 2. The time-course of the accumulation of PFOS in blood serum after continuous
intake of 3000 ug day™ from contaminated hay-grass silage in dairy cows. PFOS model
specifications as described in Table 1.
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3. PFOA transfer model

Next to PFOS the cows in Kowalczyk et al. (2013) were concomitantly exposed to (on
average) 2.0 + 1.2 ug PFOA kg bw! day™! (see Figure 3).
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Figure 3. The daily intake (ug/day) of PFOA from contaminated hay-grass silage for a
period of 28 days in dairy cows (individual data corresponding with Kowalczyk et al.
(2013) supplied by WUR/RIKILT).

PFOA was excreted in the urine, with urinary concentrations ranging from 20 to 80 ug L™
(to be compared with negligible PFOS urine levels). Observed levels in milk were at or
just above the Limit of Detection of 0.1 pg L. Moreover, in contrast to PFOS, the simula-
tion characteristics closely follow PFOA intake characteristics, thereby reflecting instanta-
neous absorption and elimination kinetics of PFOA in dairy cows. At the end of the 28 day
exposure period, levels in the liver, kidneys and muscle amounted 10.1, 8.7 and 0.6 pug
kg, corresponding with a carcass concentration around 1 pg kg (to be compared with
295 ug PFOS kg™!1). Corresponding levels in blood ranged from 9 to 16 ug L™ (to be
compared with around 2000 pg L in the case of the PFOS exposure!).

Clearly, describing PFOA kinetics within the same model concept as PFOS needs re-
calibration of the latter, i.e. a decrease of the transfer of PFOA from the serum to the
carcass, and an increase of the mass-flow towards urinary clearance (while maintaining
clearance via milk).

The PFOA re-calibration was performed as follows. The decrease of the transfer of PFOA
to the carcass was simulated by lowering the serum carcass partition coefficient from 28
(PFOS) to 0.25 (PFOA). To increase the mass-flow towards urinary clearance the free —
bound clearance in blood serum was increased from 3.6 L day™ (PFOS) to 10 L day™
(PFOA) and the bound blood serum — urine clearance from 0 L day™ (PFOS) to 15 L day™
(PFOA), thereby enabling a relative high PFOA mass flow to the urine. The corresponding
bound blood serum — milk clearance was found to be 0.040 L day™ (PFOA, to be com-
pared with 0.017 L day™* for PFOS)(See Table 2). As shown in Figure 4A and 4B, this re-
calibration a vu led to a satisfactory description of the observed transfer of PFOA from
feed to milk.
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Table 2. PFOA model specifications.

PFOA intake: Individual intake as specified in Kowalczyk et al. (2013)(ug day™)
Milk yield: Individual milk yield as specified in Kowalczyk et al. (2013)(L day™)

SerumMgee — Serumyoung Clearance (CL,) 10 L day™
Serumpound — Milk clearance (CL,) 0.040 L day™
Serumpound — Urine clearance (CL,) 15 L day™
Serumyg..e <> carcass partition coefficient (P;) 0.25
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Concentration in carcass
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Figure 4. Model simulation of the transfer of PFOA from contaminated hay-grass silage to
milk (A), blood serum (B) and carcass (C). PFOS transfer model recalibrated as specified
in Table 2. Lines: cow specific individual kinetics. Symbols: experimental data (milk: up-
load phase, mean + SD, to be compared with Kowalczyk et al., 2013, Figure 3 ;
blood: upload + wash out phase, mean + SD, to be compared with Kowalczyk et al.,
2013, Figure 1).

4, Application of PFOA transfer model: FO question

In 2018 Dutch milk cows on average produced 28.1 kg milk day™
(https://www.cooperatie-crv.nl, dd. 21-03-2019). The corresponding drinking water con-
sumption was obtained from the study of Kume et al. (2010). In this study the drinking
water consumption and corresponding milk yield were experimentally determined in lac-
tating Holstein cows (body weight: 609 kg, N=16, water consumption and milk yield de-
termined in a metabolic chamber during a 4-day time period). The average milk yield
was determined at 29.5 kg day™ (minimum: 21.9 kg day*; maximum: 35.3 kg day™.
Similarly, the average drinking water intake was determined at 77.6 L day™ (minimum:
57.0 L day !; maximum: 110.3 L day™?).
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Taking the drinking water consumption of Kume as representative for Dutch dairy cows
the transfer of PFOA in drinking water in such cows to milk and meat was calculated giv-
en a daily intake of 80 liter water (corresponding with a daily milk yield of 29.5 kg day™)
resp. 110 liter water (corresponding to a daily milk yield of 35 kg day™) containing 4.67
ug PFOA L't i.e. resulting in a total daily intake of 374 pg resp. 514 ug PFOA. Given 600
kg for a cow’s net body weight this corresponds with an intake of 0.62 pg resp. 0.86
PFOA/kg bw/day. Note that such intake exceeds the PFOA intake of dairy cows under
uncontaminated pasture conditions, i.e. around 0.6 ug per day (Vestergren et al., 2013)
and is somewhat lower than in Kowalczyk et al. (2013).

For the exposure of 0.62 ug PFOA/kg bw/day the PFOA transfer model calculates a con-
centration of 0.04 pg kg for milk and 0.20 pg kg™ for muscle, i.e. meat, after repeated
exposure. For the 0.86 pg PFOA/kg bw/day exposure corresponding concentrations are
0.06 ug kg™ for milk and 0.28 pg kg™ for muscle.

Given a level of 0.01 pg L' in milk the model back-calculates a daily PFOA intake of 89.2
ug, corresponding with a ditchwater concentration ranging from 89200/110 ~ 810 ng L™
to 89200/80 = 1100 ng L, at a milk yield of 25 kg day.
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