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EU DRINKING WATER DIRECTIVE

Directive (EU) 2020/2184 of the 

European Parliament and of the Council 

of 16 December 2020

 Entered into force on January 12, 2021

 Implementation in national law within 2 years



EU DRINKING WATER DIRECTIVE



EFSA TECHNICAL REPORT (SEPT. 8, 2020)

 Tolerable weekly intake of 4.4 ng/kg 

b.w./week for PFHxS, PFOA, PFOS 

und PFNA 

 Leading to a threshold value for drinking 

water of 2.2 ng/L for the sum of 

concentrations of PFHxS, PFOA, PFOS 

und PFNA („EFSA threshold value”)



GERMAN DRINKING WATER ORDINANCE



GERMAN DRINKING WATER ORDINANCE

Sum PFAS-20
Sum of concentrations of 20 perfluorinated

carboxylic and sulfonic acids between C4 und C13

 Limit value: 0.00010 mg/L (100 ng/L)

 Enters into force on January 12, 2026

Sum PFAS-4

Sum of concentrations of 4 PFAS (PFOA, PFNA, 

PFHxS und PFOS)

 Limit value: 0.000020 mg/L (20 ng/L)

 Enters into force on January 12, 2028

 Denmark: 2 ng/L

 Sweden and Flanders: 4 ng/L



PFAS ASSESSMENT IN THE PAST

DW-GV (µg/L) HRIV (µg/L)

PFBA 10 -

PFPeA - 3.0

PFHxA 6 -

PFHpA - 0.3

PFOA 0.1 -

PFNA 0.06 -

PFDA - 0.1

PFBS 6 -

PFHxS 0.1 -

PFHpS - 0.3

PFOS 0.1 -

H4PFOS - 0.1

PFOSA - 0.1

TFA 60 -

DW-GV: drinking water guide value; HRIV: health-related indicator value 

§4 DWD and UBA recommendations for drinking water from 2006ff



PFAS IN GERMAN DRINKING WATERS

Sum PFAS-20



PFAS IN GERMAN DRINKING WATERS

Sum PFAS-4



PFAS IN DRINKING WATER

No limit values exceeded 



PFAS CASE STUDY RASTATT

 Germany's largest environmental 

scandal in terms of area

 Ca. 1,780 ha of contaminated 

farmland

 Soil

 Groundwater (58 km²)

 Agricultural products

 Fish

 Human blood

 Cause: presumably compost 

mixed with paper sludge (“soil 

conditioner”)

Quelle: https://www.lubw.baden-wuerttemberg.de

/wasser/pfc-karten-online



PFAS CASE STUDY RASTATT

degradation

processes

transport of degradation 

products



PFAS CASE STUDY RASTATT

Vessel tests with technical products (PAP, polyacrylates)

and spring wheat

Source: LTZ



OPTIONS FOR REDUCING PFAS LEVELS

 Change raw water management

 Use other wells

 Use alternative raw water sources

 Treatment

 Change operating conditions for existing plants

 Construction of additional treatment stages

 Construction of a new treatment plant



TREATMENT OPTIONS FOR PFAS REMOVAL

 Ineffective options

 Underground passage/ 

bank filtration

 Sand filtration

 Ultrafiltration

 Oxidation

 Ozone

 Potassium permanganate

 AOP

 Disinfection

 Chlorine/Chlorine dioxide

 UV

 Effective options

 Precipitation/flocculation

 Foam fractionation

 Adsorption

 Activated carbon (GAC, PAC)

 Ion exchange

 New materials (e.g. modified alumina)

 Filtration via dense membranes

 Nanofiltration

 Reverse osmosis



PFAS REMOVAL BY ACTIVATED CARBON

Efficiency depends on 

chain length

 Long-chain PFAS are well 

removable (incl. substitutes)

 PFAS-4 are relatively well 

adsorbable

 Short-chain PFAS are not 

well removable (frequent 

exchange of GAC, carbon 

fouling)

 TFA is not removable at all

Test filter



PFAS REMOVAL BY IEX

Efficiency depends on 

chain length

 Long-chain PFAS are well 

removable

 Sulfonic acids are better 

adsorbed than carboxylic 

acids

 Short-chain PFAS are not 

well removable

 TFA is not removable at all
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PFAS REMOVAL BY IEX

 Only cost-effective when IEX material can be regenerated

 Complete regeneration only with organic solvents, e.g. ethanol

 Work safety

 Regrowth of micro-organisms

 Short-chain PFAS can be regenerated with e.g. caustic soda

 Handling of regenerate?

 §20 list: No IEX material authorised for PFAS removal yet

 Extended efficiency test in preparation (mandatory for §20 listing)

 ZeroPM project: Testing of GAC/IEX combination



PILOT PLANT IN RASTATT

 IEX columns (2 L, each) 

 Treatment of the GAC effluent

 Cyclic operation

 Almost complete regeneration 

with causic soda

 10 BV NaOH (1 mol/L)

 2.5 BV Water

 1,25 BV H2SO4 (0,05 mol/L)



PFAS REMOVAL BY REVERSE OSMOSIS

 RO removes PFAS by 100%

 RO has a number of drawbacks

 If used in by-pass mode (as e.g. for water softening): additional treatment 

of by-pass water is needed (e.g. by GAC filtration)

 If used in full-flow treatment: removal of all water constituents; additional 

hardening needed; synthetic water

 RO produces a concentrate containing PFAS

 RO needs ca. 20% additional water

 RO is energy demanding

 RO is expensive



COST ESTIMATION

DVGW/bdew letter (2022):

 Activated carbon: ca. 23 Cent/m³ (invest + operation)

Sub working group of the Drinking Water Commission (2023):

 Activated carbon: 24 to 54 Cent/m³, depending on system size

 Ion exchange: 17 to 38 Cent/m³, depending on system size 

(without regeneration costs)

 RO: > 50 Cent//m³ (without concentrate treatment)



PFAS FATE AFTER REMOVAL

 Additional treatment of residues needed

 Incineration

 Electrochemical Oxidation / Degradation

 Sono-chemistry

 Oxidation processes (AOP using sulphate radicals) 

 Plasma destruction

 High energy costs

 Pre-concentration step needed (liquid-liquid separation)

 By-product formation

 No practical application in waterworks yet



SUMMARY (1)

 New limit values for PFAS will apply from January 2026

 PFAS-20: 100 ng/L

 PFAS-4: 20 ng/L (January 2028)

 For long-chain PFAS, there are several options for removal

 Activated carbon

 Ion Exchange

 Other Materials

 Combination of technologies

 The best solution depends on the specific situation



SUMMARY (2)

 Most of the treatment materials are not (yet) authorised for 

application in drinking water treatment according to §20

 PFAS removal results in additional work and additional costs

 All technical options produce PFAS-containing residues

 Energy and cost effective PFAS destruction is still under research

 There are no ecologically and economically viable solutions 

available for the removal of short-chain PFAS (TFA)

 Avoiding further contaminations must have absolute priority!

 But: Current contaminations will exist for a very long time
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