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Presentation Notes
Hello everyone! My name is Markus Raudkivi and I’m the EMPEREST project coordinator here at the HELCOM Secretariat. Now that you’ve gotten a very nice introduction into to new HELCOM priority substances list by Vasilis, let’s have a bit more in-depth look into some of these newer groups. In this presentation, let’s take a closer look into PFAS.



What are PFAS?

- PFAS – per- and polyfluoroalkyl substances
- Large group of manmade chemicals, also called “forever 

chemicals” due to almost no biodegradability

- Invented in 1938, widescale use since the 1950s
- First evidence of toxicity from 1955 (buried)
- Patented in AFFFs (fire-fighting foams) in 1967

- Toxicity starts to become known wide-scale since 1998
- Worldwide restriction of PFOS production and use in 2009 

(Stockholm convention)

Presenter Notes
Presentation Notes
First, let's quickly remind ourselves what PFAS are. Known as "forever chemicals," PFAS are a large group of human-made substances that don't break down easily because of their strong carbon-fluorine bonds.
PFAS were accidentally discovered in 1938 and became widely used by the 1950s, with Teflon being the most famous early product. Although their toxicity and ability to bind to blood proteins were discovered in 1955, this information wasn't made public until the late 1990s. As a result, many industries used PFAS for their water, stain, grease, and fire-resistant properties without fully understanding the risks.
One of the most important uses of PFAS is in aqueous film-forming foams (AFFF), which are used to extinguish liquid fires, like burning jet fuel. The widespread use of these foams by military, municipal, and aviation sites since the late 1960s has led to significant PFAS pollution worldwide.
Although the use and production of PFOS, a key component of these foams, were restricted globally in 2009, these firefighting foams were exempted from the restrictions due to their high efficiency.
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Presentation Notes
One of the challenges in managing PFAS is the sheer number of these substances. According to the PubChem database, there are over 7 million substances that fit the 2021 OECD definition of PFAS. About 15,000 of these are more commonly known, but it's hard to determine how many are actually used by industries.
This complexity arises because we can only measure around 150 PFAS components individually, even with the latest analytical techniques. Moreover, most of these PFAS are not commonly available in commercial labs. As a result, even the new EU proposal for water directives includes only 24 PFAS for measurement.
It's no surprise that many current assessments worldwide, including the HOLAS 3 assessment of the Baltic Sea, are based on just one PFAS substance—PFOS, which has been partially restricted since 2009.



Presenter Notes
Presentation Notes
In this latest assessment, PFOS wasn't even one of the more problematic hazardous substances in HOLAS 3. While some threshold value issues were observed in the water matrix, biota (or fish) showed almost no exceedances. The threshold value used in the assessment is the one currently in effect in EU water regulations and is supposed to be used for all assessments.
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At the same time, the information about PFAS reached mass media. This map of the known PFAS pollution sites was published by French journalists working for Le Monde in February 2023, showing a large number of different proven and presumed sites of PFAS contamination. The article was also picked up by many other publications and PFAS became a hot topic. So what does it mean? Why do we have these contradictions?
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As part of the European Green Deal, a Zero pollution action plan was adopted by 
the European Commission on the 12th of May 2021

New proposals published on the 26th of October 2022, including
• A revision of Urban Wastewater Treatment Directive
• A revision of the Water Framework Directive priority substances list, including a 

revision on the Environmental Quality Standards (EQS) regulation

Meanwhile in EU…

• New SUM of 24 PFAS limit value, using a relative potency factor (RPF) system
• Threshold value for water would become less strict, from 0.13 to 4.4 ng/L (PFOA eq) 
• Threshold for biota would become much stricter, from 9.1 to 0.077 µg/kg ww (PFOA eq)

Presenter Notes
Presentation Notes
One of the main reasons is that the legislative train is just not as fast as the science fueling it. Changes, including those involving PFAS, have been in the works since late 2022, but the update to environmental quality standards is only expected to be finalized later this year. These changes will significantly alter the system and threshold values used for all assessments.
For PFAS, instead of basing the entire assessment on one substance, the new system will assign each PFAS substance a conversion value representing its toxicity relative to others. This approach allows us to sum the different PFAS concentrations into a single value, representing their total toxicity in PFOA equivalents. While the new threshold proposed for water will be less strict compared to the old PFOS one, it will include 24 different PFAS, providing a more comprehensive overview of the actual pollution. The same applies to biota, but the new threshold will be more than a hundred times stricter than the old one, as new evidence shows that PFAS in fish can cause adverse effects for anyone who eats them, including humans.



How would these new pending 
thresholds change our perspective?

Presenter Notes
Presentation Notes
So taking all of these new upcoming changes into account, what would it mean for the Baltic Sea region?
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O2.1

Methodological recommendations 
for monitoring and assessment of 
PFAS in the aquatic environment

• EMPEREST addresses the existing significant gaps 
in the monitoring and assessment of PFAS with 
methodological recommendations to provide
harmonised guidance to the Baltic Sea region.

• These recommendations will include detailed 
information on what, when and where to 
measure and how to assess and use these results.

• The recommendations will be assembled in 
cooperation with regional experts and 
authorities, to assure their quality and 
applicability. Through the science-policy 
dialogue, these recommendations are expected 
to contribute to the development of potential 
target values and indicators for the regional 
assessment of the Baltic Sea aquatic 
environment.

Coordinated by: HELCOM – Baltic Marine Environment Protection Commission

Regionally 
harmonised 

approach for PFAS 
monitoring and 

assessment

Presenter Notes
Presentation Notes
This is where the EMPEREST project comes into the picture! One of the main outputs of the project is the "Methodological Recommendations for Monitoring and Assessment of PFAS in the Aquatic Environment." Although the name is quite a mouthful, it simply means we examined how PFAS pollution should be better detected and better evaluated in the region. This helps us understand the overall situation and has contributed to the new HELCOM strategic approach on hazardous substances, particularly PFAS.
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EMPEREST OUTPUT 2.1
• Published online on the 5th of March 2025

o Final output of the monitoring group of 
activities

o Spilt into three main parts

• PART A – Methodological recommendations
• PART B – Sample assessment of PFAS in the 

Baltic Sea region based on new EU proposals
• PART C – Exploration of gaps in monitoring by 

EMPEREST piloting universities

Presenter Notes
Presentation Notes
This report was officially published earlier this month and is now available online for everyone! The document examines the methodology of PFAS monitoring, offering recommendations on which tissues or substances should be prioritized. It also provides a sample assessment of PFAS pollution in the Baltic Sea region, utilizing both the new EU proposals and the latest scientific knowledge.
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EMPEREST Monitoring Data Collection

As a part of the EMPEREST project activities, a data call was issued to the 
Baltic Sea countries to collect PFAS environmental monitoring data

As a result, a database of 140 000 PFAS measurements was established
• 3 main matrixes of water, biota and sediment

• Not only marine samples, but also data from rivers and lakes

• 66 individual PFAS are included in the database
• Precautionary potency values estimated for all through literature 

review and expert consultations

Presenter Notes
Presentation Notes
The assessment in the report is based on actual data gathered during a large PFAS data call in summer 2023. This resulted in an extensive database on PFAS from various sources in the Baltic Sea region, including not only marine but also inland sources like lakes and rivers.
The database includes 66 different PFAS, rather than just the 24 specified by the EU. We collaborated with scientific literature and experts to propose precautionary potency values similar to the EU system for all PFAS we had data for.
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Matrices: Water, Biota – Sum of all measured PFAS

Water 
(n = 6,883 samples)

Biota 
(n = 2,386 samples)

92 %

8 %

Over EQS Under EQS

31 %

69 %

Over EQS Under EQS

Presenter Notes
Presentation Notes
This work enabled us to sum all PFAS analyzed in a sample into a single value and compare it to the new proposed EU threshold. For instance, about one-third of all water samples—whether from lakes, rivers, or seawater—would exceed the new threshold value, which is less than previously estimated. Meanwhile, almost all biota samples, primarily taken from fish from various sources, would be potentially dangerous to human health, which is a very alarming result.
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Compound Samples 
measured

Samples 
>LOQ

Average 
concentration
s (ng/L PFOA)

“Total” TH   
exceedance 
(% of TH)

Share 
from    
total (%)

Cumulative 
exceedance

PFNA 3381 965 244.32 5358487.15 44.88 44.88
PFOS 5644 2999 50.06 3411748.23 28.58 73.46
6:2 FTS 2252 556 81.71 1032574.22 8.65 82.11
PFOA 4338 2677 11.10 675554.91 5.66 87.77
PFUnDA 2950 191 106.38 461767.36 3.87 91.63
PFHxS 2747 1194 14.10 382492.96 3.20 94.84
PFDA 3398 370 21.09 177389.02 1.49 96.32
PFHpA 2788 1966 3.08 137714.10 1.15 97.48
N-EtFOSA 1054 150 40.00 136363.64 1.14 98.62
PFHpS 2037 221 4.77 23980.02 0.20 98.82

Compound Samples 
measured

Samples 
exceeded 
threshold

Exceedance 
frequency 
(%)

Average 
concentration 
(ng/l PFOA eq)

Average TH 
exceedance 
amount (%)

Rank

PFNA 3381 497 15 244 5553 1
6:2 FTS 2252 346 15 82 1857 2
PFOS 5644 867 15 50 1138 3
FHxSA 15 15 100 17 379 4
N-EtFOSA 1054 150 14 40 909 5
PFUnDA 2950 122 4 106 2418 6
FBSA 3 3 100 10 227 7
PFDA 3398 167 5 21 479 8
N-MeFOSE 1054 4 0 208 4725 9
PFHxS 2747 216 8 14 320 10

Presenter Notes
Presentation Notes
To better understand the specific PFAS causing these issues, we used two approaches. The table you see now examines all monitored data, showing how often and by how much each substance exceeds the threshold. Interestingly, the top 10 substances (out of 66) in the water matrix account for 99% of the known cumulative pollution, with PFNA being the largest contributor, not PFOS. Notably, two of these substances are not included in the EU list of 24 PFAS, with 6:2 FTS having a particularly large contribution that would be missed under the proposed system.

We also applied a second statistical approach, focusing on how often a substance exceeded the threshold rather than cumulative pollution. This approach revealed different results, as new PFAS with very few measurements but very high concentrations appeared in this table. From this top 10, only five substances are from the EU proposed list of 24, highlighting the need to stay vigilant for emerging PFAS as conditions in the water matrix change rapidly.

Finally, let's look at some pollution trends around the Baltic Sea. These maps show only locations with data from at least two different years. Red indicates that at least one sample from the location exceeded the new proposed threshold. Triangles on the map show increasing or decreasing trends, while circles indicate no stable trend. While we see some decreasing trends (downward-pointing triangles), especially around the Danish and Swedish coasts, the overall situation does not show a strong decreasing trend in PFAS pollution in water.
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Compound Samples 
measured

Samples 
>LOQ

Average 
concentration
s (µg/kg WW)

“Total” TH   
exceedance 
(% of TH)

Share 
from    
total (%)

Cumulative 
exceedance

PFOS 3788 3534 4.82 22102519.6 62.13 62.13
PFNA 1992 1444 2.00 3753102.25 10.55 72.68
PFDA 1994 1613 1.66 3487578.50 9.80 82.48
PFUnDA 1976 1589 1.48 3056724.01 8.59 91.07
PFDoDA 1584 1227 0.68 1079192.83 3.03 94.10
PFTrDA 1336 1166 0.47 710735.83 2.00 96.10
PFDS 2165 563 0.51 375401.34 1.06 97.16
FOSA 2356 1510 0.18 357367.56 1.00 98.16
PFOA 2393 733 0.14 131321.68 0.37 98.53
PFHpS 424 126 0.79 129881.34 0.37 98.90

Compound Samples 
measured

Samples 
exceeded 
threshold

Exceedance 
frequency 
(%)

Average 
concentration 
(µg/kg WW)

Average TH 
exceedance 
amount (%)

Rank

PFOS 3788 3302 87.17 4.82 6254.25 1
FBSA 18 18 100.00 2.07 2694.14 2
PFDA 1994 1543 77.38 1.66 2162.17 3
PFNA 1992 1420 71.29 2.00 2599.10 3
PFUnDA 1976 1517 76.77 1.48 1923.68 5
6:2 FTS 231 42 18.18 1.04 1347.75 6
PFDoDA 1584 933 58.90 0.68 879.54 7
10:2 FTS 14 1 7.14 22.60 29350.65 7
PFTrDA 1336 853 63.85 0.47 609.55 9
4:2 FTS 122 16 13.11 0.87 1128.62 9

Presenter Notes
Presentation Notes
Looking at the biota results, the top 10 PFAS in total cumulative pollution are well-known substances, with the top 6 accounting for over 95% of the pollution. Only one substance in this top 10 list is not on the EU list of 24. When we compare these results with the other approach, the list changes slightly, but PFOS still holds the top spot. Four new PFAS show up on this table as well, while on average the known PFAS are much more prominent in biota. 

The Baltic Sea map is almost entirely red when looking at biota results. The only three green spots are reindeer samples from the Swedish mountains, while most other biota samples show dangerous concentrations of PFAS. Although a few bird egg and mammal samples were included in parts of the assessment with different trophic conversion factors, 95% of the spots on the map represent fish samples.



Summary

The Baltic Sea area, including Baltic states are in high risk for PFAS pollution, 
especially through contaminated biota – animals and fish

For biota samples, the new EU threshold based on human health shows:
• 9 out of 10 fish in the Baltic Sea region would be over the threshold
• 6 PFAS (PFOS, PFNA, PFDA, PFUnDA, PFDoDA, PFTrDA) are the main drivers,     

resulting in over 96% of measured pollution

Thankfully, long-time trends are not showing increasing concentrations
• Water samples often show decreases in the content of PFAS 24, but no change in 

the sum of PFAS if newer PFAS are included
• The PFAS used in industry change so often, we can’t catch up

Presenter Notes
Presentation Notes
In summary, while PFOS did not seem like a major issue in HOLAS 3, the situation would change drastically with the updated EU assessment system and thresholds. According to these new values, most fish in the Baltic Sea region—whether from rivers, lakes, or the sea—would be potentially dangerous for human health. A few well-known PFAS are responsible for almost all of this pollution in biota.

The positive news is that, on average, the concentrations in both water and biota are not showing increasing trends. Some decreases can even be observed in the water matrix. However, a more holistic view reveals that these decreases in known PFAS are often accompanied by increases in newer and less frequently measured PFAS. It is well known that due to various restrictions, the PFAS used in industry can change so frequently that analytical methodologies and monitoring struggle to keep up. This is one of the main reasons why PFAS as a whole group has been included in the new HELCOM priority substances list.
�



Thank you for your attention!

Markus Raudkivi
markus.raudkivi@helcom.fi

Presenter Notes
Presentation Notes
This is all from me today on the topic of PFAS! Thank you so much for you attention! For more information, please check out our brand-new output! Thank you!
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