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What PFAS are

Previously referred to as perfluorinated
compounds, used with a SO3 or CO2 group at
the end (e.g. PFOS and PFOA)

This project monitored PFAS compounds
like the one in the right image

4 PFAS compounds (=PFAS4) with the most
exposure data in the EU

OECD 2021 PFAS definition covers a large
number of “new” PFAS compounds:

> At least one fluorinated methyl (-CF3) or
methylene (-CF2-) group (~7M compounds)

» Classification tool, definition not intended for

hazard assessment

The structure of common PFAS molecules,
Blake and Fenton, 2020, Toxicology
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Tolerable intake levels of the European Food
Safety Authority (EFSA) 2008 - 2020

* In 2008, the acceptable weekly dose was thousands of
times higher than in 2020, health outcomes in different

104 risk assessments are quite different

« Health effects associated with reduced vaccine

10°

103 response (increased susceptibility to infection) have not
been reproducibly proven in epidemiological studies

10 » EFSA 2020 risk assessment is very protective

10

Tolerable weekly intake,
TWI ng/kg rp/viikko

PFOS
—ron sprase KR
PFOA+PFNA

1

2008 2018 2020
Liver and develop. Increased cholesterol, Impaird vaccine
effects impaird vaccine response  response in children

X
N\

Biological response behind TWI


https://www.efsa.europa.eu/en/news/efsa-opinion-two-environmental-pollutants-pfos-and-pfoa-present-food
https://efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.2018.5194
https://efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.2020.6223

Maximul levels in foods

* Regulation (EU) 2023/915 sets maximum levels for PFOA, PFNA, PFHXS, PFOS and their sum

» Three separate maximum levels depending on the species and intended use of the fish

« Farmed fish in group 1, other species in group 2 or 3 depending on the data provided by
Member States to the Commission when Regulation (EU) 2023/915 was drafted

« Data is currently being collected to set maximum levels for fishmeal and fish feed

X
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PFAS-yhdiste
Ryhma 1: Yleinen kalanlihan enimméismééra, seka ka-

| PFOS | PFOA

| PFNA | PFHxS | IPFAS4

lanliha imevéisten ja pikkulapsien elintarvikkeiden val- 2,0 0,20 0,50 0,20 2,0
mistukseen

Ryhma 2: Silakka, kilohalli, jne., kun se ei ole tarkoi-

tettu imevEisten ja pikkulapsien elintarvikkeiden valmis- 7.0 1,0 25 0,20 8,0

tukseen

Ryhma 3: Lahna, kuha, ahven, séarki, kuore, siika, jne.,
kun se el ole tarkoitettu imevaisten ja pikkulapsien elin-
tarvikkeiden valmistukseen

35

8,0

8,0

45
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Background and aims of the study

ue/keg tp

PFAS 17-19 cm Selkdmeren silakassa
10

PFAS < 17 cm Selkdameren silakassa
10

2 a8

6

)
4 a
2 2 .
m W =
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2009 2016 2022

ug/ke tp

2016 2022

B PFOA EPFNA BEPFHxS EPFOS B PFOA WPFNA WPFHxS MPFOS

* PFOA and PFNA increased sharply in Bothnian Sea herring from 2009 to 2022

1.

More extensive sampling of herring from the Bothnian Sea used by the food industry

« Because herring is an important feed ingredient for farmed fish:

X
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2.
3.

Measure PFAS in domestic rainbow trout and whitefish purchased from a fish counter

Investigate the accumulation of PFAS in rainbow trout (meat, roe, filleting residue),
feeding with 3 different PFAS-concentration feeds for 6 months

Investigating change in PFAS level using 4 months of High feed followed by 2 months
of Low feed
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PFAS in Bothnian Sea herring - sampllng

* Herring samples from the trawl were landed — T e
from Kaskis square 53H0 (2/2024 and Sl e | o ARSI
11/2024) and from Uki square 52H0 (2/2024) = |2

Ny ' _uVaasa
and 50G8 (11/2024) Y wEEEea
. 54 of'.

» Size class Il (9—12 cm): unsorted whole _ b
herring for fishmeal plant or food use . 7 O e AT

» Size class Il (12—15 cm): sorted whole herring B T N
for export ol &Y | -

& 3
» Size class 0/1 (17-19 cm/15-17 cm): fillet for sl T X
consumption or further processing AND R - Y.
. . . . . . 50 P s
filleting/trimming residue for fishmeal plant | | |
or feed center . N & ORI S
H \ b0, | ‘\’.uuéff%ﬁ- )
’thl » = ITIE" /E/;: 80°N
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PFAS in Bothnian Sea herring - results

Lajittelematon kokonainen silakka

« Temporal and especially regional 20 180
variation in unsorted small herring

* 11/2024 in the northern square 53HO

16

160

concentrations 8*50G8 (Sweden square) .312 140§
* In size class Il herrings, the differences E 1203
are smaller, but still 53HO = 3*50G8
0 - 100

« Not very large differences in
proportions of PFAS compounds

Kaskinen - 2/2024 Kaskinen - 11/2024 Uki - 2/2024 Uki-11/2024
N PFOA EEPFNA EEPFHXS EEPFOS =—keskipituus

Lajiteltu kokonainen silakka (kokoluokka II)
180

« For whole herring, the maximum
amount does not apply directly to
consumers

—

170

Keskipituus (mm

=
[52]
o

Kaskinen - 2/2024 Kaskinen - 11/2024 Uki - 2/2024 Uki - 11/2024
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PFAS in edible herring — results

Perkuujdannds (kokoluokka I1)

Perattu silakka (kokoluokka I1)
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Differences between fishing
times and squares decrease
as herring size increases
(max 2%)

Concentrations in residues
approximately 3*file
concentrations

Concentrations of SPFAS4 in
edible herring meat ~below
Mmaximum limits

Maximum limits of
individual PFAS compounds
were exceeded in some
samples

Reasons for concentrations
of different sizes of herring
in different areas unclear:

» Diet at different ages?

* Migration behavior?

* Regional contamination?
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PFAS in farmed fish

_ Nayte | Otettu | PFOS__PFOA___PFNA___PFHXS | IPFAS4

Kirjolohifile Joulukuu 2023
Siikafile Joulukuu 2023
Kirjolohen méti Joulukuu 2023
Kirjolohifile Kesakuu 2024
Siikafile Kesékuu 2024

0,31
049
0,07
0,22

*

*

*

*

0,091

®

0,09

%

%

%

%

0,00
0,40
0,49
0,07
0,31

*Pitoisuus alle mddritysrajan. Madritysrajan alittavat pitoisuudet laskettu PFAS-yhdisteiden summapitoisuuteen

nollana.

« PFAS concentrations (ug/kg) of rainbow trout file, whitefish file and rainbow
trout roe purchased from retail stores were measured

* The limits of determination varied from sample to sample - direct

comparison not always possible
* The concentrations were low, only PENA and PFOS were detected, but

thl
"' even these were clearly below the maximum levels (only PFAS4

compounds in the table, others were hardly detected)
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Transfer of PFAS compounds from feed to
farmed fish — experimental design

Sea growth season 2023 normally with commercial feed in netpools

5/2024-11/2024 PFAS treatments for fish that were expected to produce eggs

« Fish were divided into three netpools, where the following feeds were fed
based on the PFAS content of the fish meal:

» High-PFAS feed: 30 m-% High-fish meal (=max PFAS in regular fish meal factory monitoring)
* Medium-PFAS feed: 15 m-% High-fish meal + 15 m-% Low-fish meal
* Low-PFAS feed: 30 m-% Low-fish meal

« Two pooled samples of three fish from each netpool: fillet, filleting residue and
roe

. Ttﬁtat pooled samples 18 pcs: 2 replicates * 3 concentrations * 3 tissues

o
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Transfer of PFAS compounds from feed to
farmed fish — experimental design

« PFAS concentrations were also measured in:

»High-PFAS, Medium-PFAS and Low-PFAS feeds
»Low and High fishmeals used in feed production

« After 4 months of rearing, 20 fish reared on High-PFAS feed were
transferred to a new tank and fed Low-PFAS feed for 2 months

»Washout (WASHO) period, at the end of which pooled samples of fillet,
filleting residue and roe were collected

» The clearance of the fish was investigated compared to fish reared on the
most contaminated feed until the end trial

X
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PFAS in fish meal and feed - results

Niyte PFHpA PFOA PFNA PFDA PFUnA PFDoA PFTrA PFHxS PFHpS PFOS IPFAS4
Low PFAS Jauho <0.040 007 040 007 026 006 013 <0050 <0,038 032 049
High PFAS jauho 079 95 24 36 30 045 09 11 035 33 67
Low PFAS rehu <0.040 0042 0084 <0040 0069 <0040 <0040 <0050 <0,038 023 0.36
Medium PFAS rehu 0.11 14 36 061 043 006 011 016 005 44 93
High PFAS rehu 018 22 58 09 064 009 015 025 007 74 f1;—a

* Low and High PFAS fishmeal ~140* difference in concentrations
* LARGE natural variation in fish meal, i.e. between herring catches
* Low and High PFAS feeds ~40* difference in concentrations

« High/Low ratios of feeds follow the High/Low proportion of meal - no other sigrjificant PFAS
sources in feed

"i@ifﬁcutt to extract long-chain PFAS from feed - method development

N\




Transfer from feed to fish — results

Nayte SYOTTO PFOA PFNA PFHxS PFOS PFAS4
LOW FILE * * * * *
MED FILE * 0,08 * 0,20 0,28
HIGH FILE * 0,12 * 0,28 0,40
LOW BY-PROD * 0,00 * 0,09 0,09
MED BY-PROD 6 kk High * 0,17 * 0,37 0,54
HIGH BY-PROD * 0,38 * 0,82 1,2
LOW MATI * 0,09 * 0,99 1,1
MED MATI 0,27 2,4 0,19 7,6 10
HIGH MATI 0,44 3,9 0,28 11 15

« PFAS concentrations in fillet << maximum levels of H-PFAS in feed too

» Slightly more in by-products, but below maximum levels
» No maximum levels in by-products unless used in the food industry

« Most ZPFAS4 in roe: 1 ug/kg (Low feed) — 15 pg/kg (High feed)

thl
"’\O » Small amounts of roe used (low total exposure) and no maximum levels



Clearance during WASHO period - results

Nayte SYOTTO PFOA PFNA PFHxS PFOS PFAS4
HIGH FILE 0,12 * 0,28 0,40
HIGH BY-PROD 6 kk High * 0,38 * 0,82 1,2
HIGH MATI 0,44 3,5 0,28 11 15
WASHO-0 FILE 4 kk High * 0,18 * 0,47 0,65
WASHO FILE * 0,04 * 0,14 0,18
WASHO BY-PROD | 4 kk High + 2 kk Low * 0,11 * 0,33 0,44
WASHO MATI 0,06 2,0 0,13 /7,6 9,7

« SPFAS4 file 4 kk High (WASHO-0) > CIRRIBIBH (crowth dil,, season?)
* SPFAS4 decrease during 2 kk WASHO: 4 kk High + 2 kk Low / 6 kk High:

’thl e« Roe ~ 0,061
A\ 4



Roe/feed conc. ratios — results

Eri PFAS-yhdisteiden mati/rehu pitoisuuksien suhde

2.5
2.3

e Accumulation in roe
could be calculated for

” 9 PFAS - strongly
depends on the
compound
II | + PFHPS = 12*PFOA
“ II * Detailed determination

PFOA PFNA PFDA PFURA “ PFDoA “ PFTrA PFHxS PFHpS PFOS Of aCC u m u Latl O n
m MED MATI m HIGH MATI . .
relationships was not
hl .
Iy Jie the focus of the project

= g o
w o wn

Hg/ kg kp

=
o

pg/ kg tp / rehu

o
wn

o
o



Accumulation in file and by-prod - results

0.12

0.10

oy
=}
o

pg/kg tp/ rehu pg/ke kp
o
o
[4)]

oy
o
I

0.045

0.023

MED FILE

File/rehu ja sivutuote/rehu pitoisuussuhteet

0.084

0.046

0.038
0.021

HIGH FILE

H PFNA

m PFOS

MED BY-PRODUCT

0.112

0.065

HIGH BY-PRODUCT

* Only PENA and PFOS
were detected in the
fillet and by-products

* PFAS concentration/
fresh weight in fillet =
0.02-0.05* PFAS
concentration/dry
weight in feed
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Conclusions-1
* XPFAS4 in edible parts of Bothnian Sea herring were 4-8
g/Kg TP
» Taking into account the measurement uncertainty, one of
the herring meat PFOA > maximum limit

* Regional (east-west) and herring size-related variations in
PFAS concentrations are large (especially in fishmeal) —
reasons require more detailed studies

* PFAS in rainbow trout and whitefish fillets purchased from
the market << maximum levels - No need to limit
.@onsumption

«'e
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Conclusions-2

* Even in High-PFAS feed rainbow trout fillets PFAS concentrations <<
Mmaximum levels
»Large safety margin for PFAS accumulation in meat of farmed fish

»Strict maximum levels for feed and feed ingredients should be avoided -
could unnecessarily restrict the use of fish-derived ingredients in feed

 Roe concentrations can rise close to maximum levels of fish meat even
with slightly contaminated Low-PFAS feed

»Low consumption (i.e. total exposure) and roe does not yet reach maximum
levels

X
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Link to final report

Perfluoratut alkyyliyvhdisteet elintarviketeollisuuden kayttamassa

silakassa ja kasvatetussa kalassa : Loppuraportti



https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fjukuri.luke.fi%2Fitems%2F6f695294-cb0f-453b-9425-0051e097433c&data=05%7C02%7Ctuvaanan%40jyu.mail.onmicrosoft.com%7C9613b891d67b457e05c808de9947bac5%7Ce9662d58caa44bc1b138c8b1acab5a11%7C1%7C0%7C639116730537128757%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=LtJfCKQJ33x4c1TMUCrEYm7faI5mQTO4tQTeQsqPG%2FQ%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fjukuri.luke.fi%2Fitems%2F6f695294-cb0f-453b-9425-0051e097433c&data=05%7C02%7Ctuvaanan%40jyu.mail.onmicrosoft.com%7C9613b891d67b457e05c808de9947bac5%7Ce9662d58caa44bc1b138c8b1acab5a11%7C1%7C0%7C639116730537128757%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=LtJfCKQJ33x4c1TMUCrEYm7faI5mQTO4tQTeQsqPG%2FQ%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fjukuri.luke.fi%2Fitems%2F6f695294-cb0f-453b-9425-0051e097433c&data=05%7C02%7Ctuvaanan%40jyu.mail.onmicrosoft.com%7C9613b891d67b457e05c808de9947bac5%7Ce9662d58caa44bc1b138c8b1acab5a11%7C1%7C0%7C639116730537128757%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=LtJfCKQJ33x4c1TMUCrEYm7faI5mQTO4tQTeQsqPG%2FQ%3D&reserved=0
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