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European Legislation: DWD 
• Revised Drinking Water Directive

– 15 December 2020: publication
– 12 January 2023: into force

• New: PFAS standards
– 12 January 2024: EC sets methods for monitoring of PFAS (under the 

parameters ‘PFAS Total’ and ‘Sum of PFAS’)
– 12 January 2026: MS take measures necessary to ensure that water 

intended for human consumption complies with the parametric values  
for PFAS Total/Sum of PFAS



European Legislation: DWD 
DW Standards
• Sum of 20 PFAS < 100 ng/L
• PFAS total < 500 ng/L

PFASCASRN
Perfluorobutanoic acid (PFBA) 375-22-4
Perfluoropentanoic acid (PFPA) 2706-90-3
Perfluorohexanoic acid (PFHxA) 307-24-4
Perfluoroheptanoic acid (PFHpA) 375-85-9
Perfluorooctanoic acid (PFOA) 335-67-1
Perfluorononanoic acid (PFNA) 375-95-1
Perfluorodecanoic acid (PFDA) 335-76-2
Perfluoroundecanoic acid (PFUnDA) 2058-94-8
Perfluorododecanoic acid (PFDoDA) 307-55-1
Perfluorotridecanoic acid (PFTrDA) 72629-94-8

PFASCASRN
Perfluorobutane sulfonic acid (PFBS) 375-73-5
Perfluoropentane sulfonic acid (PFPS) 2706-91-4
Perfluorohexane sulfonic acid (PFHxS) 355-46-4
Perfluoroheptane sulfonic acid (PFHpS) 375-92-8
Perfluorooctane sulfonic acid (PFOS) 1763-23-1
Perfluorononane sulfonic acid (PFNS) 68259-12-1
Perfluorodecane sulfonic acid (PFDS) 335-77-3
Perfluoroundecane sulfonic acid 749786-16-1
Perfluorododecane sulfonic acid 79780-39-5
Perfluorotridecane sulfonic acid791563-89-8



European Legislation: WFD 

• Current revision Water Framework Directive
– 26 October 2022: proposal publication



European Legislation: WFD 
Proposal for EQSs
(WFD Standards)
• Sum of 24 PFAS < 0.0044 

µg/L (4.4 ng/L) PEQ for 
groundwater and surface 
water

• 16 PFAS also in DWD
– WFD Stricter standards
– WFD PEQ vs DWD sum/total

RPFCASRNParameter
1335-67-1Perfluorooctanoic acid (PFOA)
21763-23-1Perfluorooctane sulfonic acid (PFOS)

0.6355-46-4Perfluorohexane sulfonic acid (PFHxS)
10375-95-1Perfluorononanoic acid (PFNA) 

0.001375-73-5Perfluorobutane sulfonic acid (PFBS)
0.01307-24-4Perfluorohexanoic acid (PFHxA)
0.05375-22-4Perfluorobutanoic acid (PFBA)
0.032706-90-3Perfluoropentanoic acid (PFPeA)

0.30052706-91-4Perfluoropentane sulfonic acid (PFPeS)
7335-76-2Perfluorodecanoic acid (PFDA)
3307-55-1Perfluorododecanoic acid (PFDoDA or PFDoA)
42058-94-8Perfluoroundecanoic acid (PFUnDA or PFUnA)

0.505375-85-9Perfluoroheptanoic acid (PFHpA)
1.6572629-94-8Perfluorotridecanoic acid (PFTrDA)

1.3375-92-8Perfluoroheptane sulfonic acid (PFHpS)
2335-77-3Perfluorodecane sulfonic acid (PFDS)

0.3376-06-7Perfluorotetradecanoic acid (PFTeDA)
0.0267905-19-5Perfluorohexadecanoic acid (PFHxDA)
0.0216517-11-6Perfluorooctadecanoic acid (PFODA)
0.0662037-80-3Ammonium perfluoro (2-methyl-3-oxahexanoate) (HFPO-DA or Gen X)

0.03958445-44-8
Propanoic Acid / Ammonium 2,2,3-trifluoro-3-(1,1,2,2,3,3-hexafluoro3-
(trifluoromethoxy)propoxy)propanoate (ADONA) 

0.02647-42-72-(Perfluorohexyl)ethyl alcohol (6:2 FTOH)
0.04678-39-72-(Perfluorooctyl)ethanol (8:2 FTOH)

0.061190931-41-9Acetic acid / 2,2-difluoro-2-((2,2,4,5-tetrafluoro-5-(trifluoromethoxy)-1,3-dioxolan-4- yl)oxy)-



20 + 24 = 28 PFAS?



20 + 24 = 28 PFAS?



PFAS & REACH

Source: https://echa.europa.eu/nl/-/echa-publishes-pfas-restriction-proposal



PFAS restrictions: why?

https://www.env-health.org/BanPFAS/



PFAS restrictions: why?



REACH & CLP

Source: https://zeropm.eu/news/



REACH & CLP

Source: https://echa.europa.eu/nl/new-hazard-classes-2023



PMT criteria: why?

2017
DOI: 10.1021/acs.est.6b03338
Environ. Sci. Technol. 2016, 50, 10308−10315

2016

https://www.umweltbundesamt.de/sites/default/files/m
edien/1410/publikationen/171027_uba_pos_pmt_sub
stances_engl_2aufl_bf.pdf



PMT criteria: why?

2020
Hale et al. Environ Sci Eur (2020) 32:155
https://doi.org/10.1186/s12302-020-00440-4

2019

https://www.umweltbundesamt.de/publikati
onen/protecting-the-sources-of-our-
drinking-water-the



NL tackling emerging substances
Working Group
Themes
• Biocides
• Cooling water additives
• Melamine
• PFAS
• NTS
• PMT substances



NL PMT Theme Group
Started in 2019 and is a collaboration between
• Ministry of Infrastructure and Water management
• RIVM National Institute for Public Health and the 

Environment
• Rijkswaterstaat 
• Waterboards
• Drinking water companies



NL PMT Theme Group
Dataset with properties of ≈ 65,000 substances
• How to focus/prioritise?
• Scoring system was developed based on PMT-criteria

– 6,158 substances were selected (= meet PMT-criteria)
• Outcome was checked 

against monitoring results 
(≈ reality check )

─ 1,161 substances were detected 
in rivers Rhine and/or Meuse

Environ Sci Eur 35, 40 (2023). https://doi.org/10.1186/s12302-023-00749-w

2 June 2023



Relevant substances

Example:
• RIWA-Meuse evaluates relevant 

substances every 3 years
• Latest version 2021

– Poster presented at SETAC Dublin 2023
– 30 DW relevant substances (list 1)

https://www.riwa-maas.org/en/publicatie/1892/



PMT-
scores 
RIVM

Drinkingwater relevant substances
# Compound Category PMT-score P-score M-score T-score
1a valsartan pharmaceutical 
1b valsartanic acid pharmaceutical 
2a metformin pharmaceutical 0.334 0.117 0.956 0.335
2b guanylurea pharmaceutical 0.293 0.097 0.777 0.335
3 lamotrigine pharmaceutical 0.642 0.765 0.469 0.738
4 dibromoacetic acid industrial 0.325 0.058 0.733 0.809
5 1,4-dioxane industrial 0.384 0.093 0.726 0.838
6 hydrochlorothiazide pharmaceutical 0.613 0.586 0.644 0.611
7 melamine industrial 0.636 0.529 0.800 0.607
8 tramadol pharmaceutical 0.384 0.670 0.507 0.167
9 cyanuric acid industrial 
10 metolachlor pesticide 0.576 0.597 0.433 0.738
11 diethylenetriaminepentaacetic acid (DTPA)  industrial 0.258 0.026 0.964 0.676
12 ethylenediaminetetraacetic acid (EDTA) industrial 0.227 0.018 0.945 0.684
13 N-formyl-4-aminoantipyrine pharmaceutical 0.461 0.236 0.685 0.606
14 nitriloacetic acid (NTA) industrial 0.129 0.012 0.942 0.184
15 terbuthylazine pesticide 0.601 0.861 0.416 0.607
16 benzothiazole industrial 0.280 0.121 0.544 0.333
17 bromate industrial 0.301 0.084 0.733 0.444
18 di-n-butyltin industrial 
19 ketoprofen pharmaceutical 0.263 0.112 0.487 0.333
20 monobromoacetic acid industrial/biocide 0.283 0.037 0.754 0.822
21 naproxen pharmaceutical 0.317 0.113 0.505 0.556
22 prosulfocarb pesticide 0.353 0.259 0.279 0.606
23 glyphosate pesticide 0.247 0.046 0.965 0.341
24 aminomethylphosphonic acid (AMPA) pesticide/industrial (metabolite) 0.299 0.096 0.837 0.334
25 chloridazone-desphenyl pesticide (metabolite) 
26 diisopropyl ether2 industrial 0.346 0.100 0.556 0.747
27 trifluoroacetic acid industrial 0.344 0.161 0.748 0.336
28 sulfamic acid industrial 
29 fluoride industrial 

RIVM-score PMT

vPvM & PMT

vPvM



Drinkingwater relevant substances
# Compound Category PMT-score P-score M-score T-score
30 PFAS industrial 

Perfluorobutanoic acid (PFBA) industrial 0.570 0.623 0.613 0.484
Perfluoropentanoic acid (PFPA) industrial 0.627 0.829 0.550 0.539
Perfluorohexanoic acid (PFHxA) industrial 0.651 0.934 0.486 0.608
Perfluoroheptanoic acid (PFHpA) industrial 0.427 0.999 0.234 0.333
Perfluorooctanoic acid (PFOA) industrial 0.603 0.992 0.362 0.610
Perfluorononanoic acid (PFNA) industrial 0.571 0.997 0.305 0.610
Perfluorodecanoic acid (PFDA) industrial 0.537 0.999 0.254 0.610
Perfluoroundecanoic acid (PFUnDA) industrial 0.503 1.000 0.208 0.610
Perfluorododecanoic acid (PFDoDA) industrial 0.469 1.000 0.169 0.610
Perfluorotridecanoic acid (PFTrDA) industrial 0.436 1.000 0.136 0.610
Perfluorobutane sulfonic acid (PFBS) industrial 0.630 0.918 0.512 0.532
Perfluoropentane sulfonic acid (PFPS) industrial 0.695 0.971 0.448 0.771
Perfluorohexane sulfonic acid (PFHxS) industrial 0.595 0.990 0.385 0.553
Perfluoroheptane sulfonic acid (PFHpS) industrial 0.566 0.996 0.327 0.554
Perfluorooctane sulfonic acid (PFOS) industrial 0.533 0.999 0.274 0.555
Perfluorononane sulfonic acid (PFNS) industrial 
Perfluorodecane sulfonic acid (PFDS) industrial 0.467 1.000 0.184 0.554
Perfluoroundecane sulfonic acid industrial 
Perfluorododecane sulfonic acid industrial 
Perfluorotridecane sulfonic acid industrial 

RIVM-score PMT

PMT-
scores 
RIVM



Permits

https://www.umweltbundesamt.de/sites/default/files/medien/352
1/dokumente/day_2_afternoon_04_harrie_timmer_corrected.pdf

Combining science and legislation to protect 
the surface water sources of our drinking 
water: A call for concerted action 

– Opinion paper in WATERSOLUTIONS 2021

– Presentation in UBA Workshop - Getting control of PMT 
and vPvM substances under REACH (March 2021)

https://gwf-wasser.de/download/riwa-opinion-paper-2021/#



Thank you for your attention



www.dvgw.de

PFAS in European Drinking Waters

Dr. Ulrich Borchers, IWW Water Centre, Germany 

Regulation, Analytical Cchallenges, Data



Legislation 

European Drinking Water Directive, National Legislation 



European Legislation



PFAS in the DWD [1]

DIRECTIVE (EU) 2020/2184 of 16 December 2020 
on the quality of water intended for human consumption (recast)

0,50 µg/l ‚ PFAS Total‘ PFAS Total’ means the totality of per- and 
polyfluoroalkyl substances

Member States may then decide to use either one
or both of the parameters ‘PFAS Total’ or ‘Sum of PFAS’

0,10 µg/l ‚Sum of PFAS‘  Sum of PFAS’ means the sum of per- and polyfluoroalkyl
substances considered a concern as regards water
intended for human consumption (3 of Part B of Annex III) 
This is a subset of ‘PFAS Total’ substances

that contain a perfluoroalkyl moiety with three or more carbons 
(i.e. –CnF2n–, n ≥ 3) or a perfluoroalkylether moiety with two 
or more carbons (i. e. –CnF2nOCmF2m–, n and m ≥ 1)



20 single substances for Sum of PFAS (PFAS-20) limit 0,1 μg/l

C-Atome  
 

Carbonsäuren  Sulfonsäuren  

4 Perfluorbutansäure (PFBA) Perfluorbutansulfonsäure  (PFBS) 
5 Perfluorpentansäure  (PFPeA) Perfluorpentansulfonsäure  (PFPeS) 
6 Perfluorhexansäure  (PFHxA) Perfluorhexansulfonsäure  (PFHxS)* 
7 Perfluorheptansäure  (PFHpA) Perfluorheptansulfonsäure  (PFHpS) 
8 Perfluoroctansäure  (PFOA)*  Perfluoroctansulfonsäure  (PFOS)* 
9 Perfluornonansäure  (PFNA)* Perfluornonansulfonsäure  (PFNS) 
10 Perfluordecansäure  (PFDA Perfluordecansulfonsäure  (PFDS) 
11 Perfluorundecansäure (PFUnDA) Perfluorundecansulfonsäure  
12 Perfluordodecansäure (PFDoDA) Perfluordodecansulfonsäure  
13 Perfluortridecansäure  (PFTrDA Perfluortridecansulfonsäure  

 

* 4 PFAS of special concern according to EFSA proposal



PFAS regulation – additional aspects 

• Article 13   Monitoring, Number 8 
• By 12 January 2024, the Commission shall establish technical guidelines regarding 

methods of analysis for monitoring of … PFAS .. under the parameters ‘PFAS Total’ 
and ‘Sum of PFAS’, including detection limits, parametric values and frequency of 
sampling

• Article 25  Transitional period
• By 12 January 2026, Member States shall take the measures necessary to ensure that 

water intended for human consumption complies with the parametric values set out in 
Part B of Annex I for …. PFAS Total, Sum of PFAS …. 

• Recommended to do samples much earlier 

29 Borchers, Vortragstitel   



IWW and other partner will consult DG ENV 

• IWW Germany 

• TZW Germany 
• Frank Thomas Lange

• University of Copenhagen
• Xenia Trier

• Örebro University
• Anna Kärmann

30 Borchers, Vortragstitel   



German Implementation of European PFAS limits

31

1) Implementation EU Drinking Water Directive:

Sum of PFAS-20 = 0,00010 mg/l ( 100 ng/l)
20 defined PFAS substances
Limit value applies from 12.01.2026

2) New national parameter:

Sum of PFAS-4 = 0,000020 mg/l  ( 20 ng/l) 
PFHxS, PFOS, PFOA und PFNA
Limit value applies from 12.01.2026

3) No adoption

PFAS Total



German Strategy for future Maximimum Values (PFAS-4)?

Maximum Value = Sum of:

1) Toxicologically tolerable
2) Analytically and technically feasible
3) Financeable

More guidance and health based values for various PFAS expected! 

Step-by-step plan

2 ng/l?

20 ng/l?



Analytical challenges  

Standardisation, performance and problems



CEN Analytical Standard Method for PFAS in freshwaters

Aug.
2022

• prEN 17892 Water quality - Determination of the sum of 
perfluorinated substances (Sum of PFAS) in drinking water -
Method using liquid chromatography/mass spectrometry (LC/MS)

Sep.
2022

• Ring trial with all parameters at low level as first test of method

19 Juni
2023

• Method validation ring trial

Dez
2023

• Publication EN 17892 Water quality - Determination of the sum of 
perfluorinated substances (Sum of PFAS) in drinking water -
Method using liquid chromatography/mass spectrometry (LC/MS)



Draft of EN available     - prEN 17892  June 2023



prEN 17892 – Scope

• For many substances, a limit of quantification (LOQ) of 1 ng/l 
can be achieved 

• For large volume injection techniques or with SPE, lower LOQs possible
• Optimum/maximum 0,2 ng/l 

• Achievable LOQs very much depend on (lab) blank values

• Analytical limitations 
• for short-chain PFAS (polarity) 
• PFAS with more than ten carbon atoms (adsorption) 



Performance requirements

• PFAS-20 and PFAS-4 
• Measurement Uncertainty 50 %

– per individual substance at 5 ng/l level of the 20 compounds

• Limit of determination (LOQ) 1,5 ng/l or lower
for each individual substance



Standard deviations highlight the adsorption problem
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Findings in German drinking waters

What actually occurs?



PFAS in German Drinkingwater :  PFAS-20 > 0,1 µg/L



PFAS in German Drinkingwater: PFAS-4 > 0,020 µg/L 



Concentration distribution PFAS according to chain length

no relevance > C10 



Frequency distribution PFAS according to chain length

In 15 bis 20% of samples
PFAS C4 und C8 (EFSA)



PFAS: Treatment Options

• Unsuitable Processes
• Subsoil passage/soil filtration
• Aeration
• Flocculation
• Deferrization/Demanganization
• Sand filtration/ultrafiltration
• Oxidation (ozone, potassium permanganate, ...)
• Disinfection (chemical, UV)

• Effective processes
• Adsorption (activated carbon, 

ion exchanger)
• Membrane filtration (NF/UO)



Dr. Ulrich Borchers

u.borchers@iww-online.de

Many thanks!



Pharmaceuticals in the environment

- The global perspective

Tim aus der Beek (IWW Water Centre)

ZeroPM webinar 

‘Protecting drinking water sources from persistent and mobile substances’ 

19th June 2023

46



Motivation 

 Gather evidence that 
pharmaceuticals in the environ-
ment are a global problem

 Set up a permanent and 
updated database on globally 
measured environmental 
concentrations of 
pharmaceuticals

 Derive measures that can 
mitigate the occurrences of 
pharmaceuticals in the 
environment

 Convince UNEP to integrate 
them as emerging pollutants in 
UNEP-SAICM (www.saicm.org).

47



Literature Compilation

Endnote© database:

 2062 publications reporting pharmaceuticals
in various countries (as data source, version 3)

 Publications collected by
 Database search (ISI Web of KnowledgeTM, library catalogues, etc.)

 Internet

 Contacting of stakeholders 

 Research projects 

 Types of publication
 Mostly English-language scientific papers 

 Relative little governmental reports

 German-, Chinese-, French-, Russian-, Slovenian-, Portuguese-, Dutch-, Swedish- and 
Spanish-language publications evaluated



MEC Database (measured environmental concentrations)

49



Number of publications reporting MECs (v3)



Number of MECs per country (v3)



Most often detected pharmaceuticals (v3)
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Sources of pharmaceutical MECs (v1)

 Urban areas are a major contributor.

 Discharge from manufacturing, animal husbandry, and aquaculture are important 
regionally.



Effects of human medicines in the environment –case studies

17α-Ethinylestradiol
Synthetic estrogen

Fathead minnow (Pimephales promelas)
Population collapse due to feminization of male fish

Whole-lake experiment
Kidd et al. 2007

Fluoxetine
Antidepressant

Leopard Frog (Rana pipiens)
Delayed tadpole development

Laboratory
Foster et al. 2010

Enrofloxacin, Ciprofloxacin
Antibiotics

Cyanobacterium (Anabaena flosaquae)
Duckweed (Lemna minor)

Growth inhibition
Laboratory

Ebert et al. 2011



Global occurrences of Diclofenac (v1)

 Average Diclofenac concentration in surface waters
(all countries in table are exceeding PNEC of 0.05 µg/l)

Country Average (weighted) Unit Samples (n)
Pakistan 1,550 µg/l 8
Brazil 0,707 µg/l 44
Côte d'Ivoire 0,540 µg/l 6
Ukraine 0,438 µg/l 8
Spain 0,268 µg/l 204
Czech Republic 0,200 µg/l 68
Germany 0,164 µg/l 4137
Slovakia 0,152 µg/l 134
Poland 0,126 µg/l 40
Malaysia 0,117 µg/l 2
Greece 0,104 µg/l 25
Belgium 0,103 µg/l 14
Sweden 0,090 µg/l 113
Cyprus 0,088 µg/l 2
South Africa 0,085 µg/l 2
Switzerland 0,077 µg/l 183
… … … …



Global occurrences of Ethinylestradiol (v1)

 Maximum 17-α-Ethinylestradiol (EE2, birth control pill) concentrations in 
surface waters (all countries in table are exceeding PNEC of 0.035 ng/l)

Country Maximum Conc.Unit Publication
Brazil 5,900 µg/l Machado (2010)

Spain 0,280 µg/l Camacho et al. (2010)

USA 0,145 µg/l Snyder et al. (2007)

Switzerland 0,120 µg/l Gälli et al. (2009)

Germany 0,117 µg/l Vallejo et al. (2013)

Slovenia 0,080 µg/l Avbersek et al. (2013)

Israel 0,036 µg/l Barel-Cohen et al. (2006)

Vietnam 0,028 µg/l Duong et al. (2010)

China 0,027 µg/l Chen et al. (2007)
… … … …



Conclusions

 Pharmaceuticals occur globally in the environment
(not just in industrialized countries):

 Detected in 98 countries covering all 5 UN regional groups

 Data availability for emerging and developing countries increasing, but 
still lower than in western countries

 In most countries, certain pharmaceuticals prevail at concentrations 
above PNEC in surface waters, suggesting
adverse ecotoxicological effects in these locations.

 Urban wastewater discharge is the dominant emission pathway, 
while discharge from manufacturing, animal husbandry and 
aquaculture are important regionally.

 UNEP successfully integrated pharmaceuticals as emerging 
pollutants in SAICM, offering global outreach and funds.

 The database is regularly updated and online available for free.



www.pharmaceuticals-in-the-environment.org

58

 The database, report ,and materials is available at 
https://www.umweltbundesamt.de/en/database-
pharmaceuticals-in-the-environment-figures-0



Publication
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IWW Rhein-Main

IWW

IWW Nord

Dr. Tim aus der Beek

IWW Water Centre

t.ausderbeek@iww-online.de


