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Example Per- and Polyfluoroalkyl Substances (PFAS)
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PFAS - Main concerns

• Environmental persistence

• Findings and distribution in surface water 

- one source: waste water

• Long-range transport and findings in remote areas

• Findings and accumulation in food webs and top 

predators

• Uptake in plants (wheat, maize, vegetables) and 

enrichment in edible parts 

• Findings in food and drinking water

• Occurrence in blood samples and breast milk of the 

general population (and long elimination half life)

• Toxicological profile (e.g. PFOA Reprotoxic Cat. 1 B)
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e.g. Vierke L. et al. 2012 Environmental Sciences Europe  24:16. 

Marc Rathman\ fotolia.de
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https://enveurope.springeropen.com/articles/10.1186/2190-4715-24-16


PFAS in Municipal Waste Water Treatment Plants
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Box plots of influent and effluent concentrations 

of PFBA, PFPeA, PFHxA and PFBS, PFHxS

and PFOS in municipal WWTPs M1-M3. 

Concentrations of influent of WWTP-M2 were 

calculated as weighted average 

UBA-Texte 08/2016: Investigation on the presence and behaviour of precursors to

perfluoroalkyl substances in the environment as a preparation of regulatory measures

https://www.umweltbundesamt.de/publikationen/investigations-on-the-presence-behavior-of


Water reuse
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http://legal-planet.org/2015/12/18/how-do-we-move-past-the-yuck-factor-in-potable-water-reuse/



Existing Guidelines
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International Guidelines

WHO Guidelines for the safe use of wastewater, excreta and greywater

Water Safety Plan, Sanitation Safety Plans.

Guidelines for Potable Reuse (upcoming)

ISO ISO/TC 282 „Water reuse“: ISO 16075 „Water reuse in irrigation“ (more in preparation)

Australia Australian Guidelines for water recycling: managing health and environmental risk (2006, 2008)

USA EPA: Guidelines for Water Reuse (2012), California: Regulations Related to Recycled Water (2009) (Title 22)

ISO 16075-1:2015

Guidelines for treated wastewater use for irrigation projects 

-- Part 1: The basis of a reuse project for irrigation

ISO 16075-2:2015

Guidelines for treated wastewater use for irrigation projects 

-- Part 2: Development of the project

ISO 16075-3:2015

Guidelines for treated wastewater use for irrigation projects 

-- Part 3: Components of a reuse project for irrigation

ISO 16075-4:2016

Guidelines for treated wastewater use for irrigation projects 

-- Part 4: Monitoring
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https://www.iso.org/contents/data/standard/06/27/62756.html?browse=tc
https://www.iso.org/contents/data/standard/06/27/62758.html?browse=tc
https://www.iso.org/contents/data/standard/06/27/62759.html?browse=tc
https://www.iso.org/contents/data/standard/06/27/62760.html?browse=tc


Regulatory context in the EU

• Water Framework Directive (Directive 2000/60(EC)

• Groundwater Directive (Directive 2006/118/EC)

• Environmental Quality Standards Directive

(Directive 2008/105/EC, amended by Directive 2013/39/EU) 

• Urban Wastewater Treatment Directive (Directive 91/271/EEC)

• Nitrates Directive (Directive 91/676/EEC)

• Drinking Water Directive (Directive 98/83/EC)   

• Regulation (EC) No 852/2004 on the hygiene of foodstuffs

• Regulation (EC) No 1881/2006 setting maximum levels for certain 

contaminants in foodstuffs
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Water Framework Directive 2000/60/EC

Art.4 (1) a) … Member States shall

implement the necessary

measures to prevent the

detoriation of the status of

all bodies of surface waters

Art.4 (1) b) … prevent the detoriation

of the status of all bodies

of groundwater

Art.11 (3) j) prohibition of direct discharges of pollutants

into groundwater
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Groundwater Directive (Directive 2006/118/EC)

 Reflecting on Annex VIII 

to Water Framework Directive

 Including CMR (carcinogenic, mutagenic toxic for

reproduction) substances, endocrine disruptors and 

persistent, bioaccumulative and toxic (PBT-) substances
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Environmental Quality Standards

• For certain hazardous chemicals

• Not defined for Contaminants of Emerging Concern
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Contaminants of Emerging Concern in the WFD
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• EU - Watch list defining monitoring requirements for certain

Contaminants of Emerging Concern



Activities of the European Commission on Water Reuse

„Blueprint to Safeguard Europe's Water Resources“ (2012): 

Water reuse as important measure for water scarcity; 

objective: establish a common framework for using treated wastewater

Action Plan within the Circular Economy Package (COM(2015(614)): 

• CIS-Guideline on Integrating Water Reuse into

Water Planning and Management 

(CIS Ad-hoc Task Group June 2016)

• Development of EU Minimum Quality Requirements

for water reuse for irrigation and aquifer recharge

(JRC, legislative proposal expected by end of 2017)

• Support for innovation and research

• EU-funds for investment in reuse
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http://ec.europa.eu/environment/water/pdf/Guidelines_on_water_reuse.pdf

Contaminants of Emerging Concern – a challenge for wastewater reuse30.08.2017

http://ec.europa.eu/environment/water/pdf/Guidelines_on_water_reuse.pdf


UBA Recommendations for EU minimum quality requirements

• Regional differences of water availability need to be considered

• Ensure compliance with the existing EU regulation

• Implement a systematic and comprehensive risk management

approach (e.g. as WHO Water- /Sanitation Safety Plans)

• Ambitious standards for health and 

environmental protection are needed

• Consider the precautionary principle

to address unknown risks of CECs 

• Introduce monitoring of CECs 

and derive quality standards

• Safe reuse requires advanced wastewater treatment

• No aquifer recharge with direct injection
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https://www.umweltbundesamt.de/en/topics/uba-position-on-eu-minimum-requirements-for-water

https://www.umweltbundesamt.de/en/topics/uba-position-on-eu-minimum-requirements-for-water


Summary

• Reuse of water is a challenging opportunity for water resource 

management

• One concern for water reuse are Contaminants of Emerging Concern, 

especially if these substances have hazardous properties

• The risk for consumers and the environment needs to be assessed in 

advance of reusing water

• In the EU, the Water Framework Directive and Groundwater Directive 

are defining the good status for surface and ground water, certain 

monitoring requirements, and risk management responsibilities

• We see a need for monitoring contaminants of emerging concern in 

waste water and to adapt treatment processes in advance of reusing

water
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Definitions: Water Reuse (EU Context)

Water reuse: use of treated wastewater for beneficial use after treatment 

as necessary

Direct reuse: direct introduction of treated wastewater from a water 

treatment plant to a distribution system

Indirect reuse: reuse of treated wastewater placed into a water body 

source (e.g. lake, river, or aquifer) and partly retrieved for later use

Planned reuse: systems developed for water reuse

(intended, controlled) 

Unplanned reuse: uncontrolled, unintended reuse of wastewater after 

discharge (e.g. downstream users using water from a river which 

contains wastewater discharged upstream)

Urban wastewater: domestic wastewater or the mixture of domestic 

wastewater with industrial wastewater and/or run-off rain water
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Potential exposure pathways
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S. Weber et al. / 

Desalination 187 (2006) 

53–64; Human risk 

assessment of organic 

contaminants in reclaimed 

wastewater used for 

irrigation
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UBA Study on agricultural irrigation with treated wastewater

• No nationwide need for irrigation with treated wastewater in Germany Germany: two non-

binding DIN norms for hygienic and chemical-physical quality of irrigation water (DIN 19650, 

DIN 19864-10)

• Relevant EU Directives: WFD, GWD, UWWTD, Nitrate directive

• Groudnwater protection: Prevent/limit input of pollutants

• Problematic:micro pollutants in groundwater (e.g. pharmaceutical residues detected in 

Wolfsburg, Braunschweig); evidence of accumulation in plants

• For hygienic safety indicator organisms for viruses would need to be added to existing norms in 

Germany

• To meet the requirements of DIN 19650 for edible crops, conventionally treated wastewater

(„tertiary treatment“) would require additional desinfection

• Systematic and process oriented risk management is needed

• Different wastewater treatment technologies are available to reach nearly any kind of water

quality – matter of cost-benefit consideration

 Conclusion: Due to existing uncertainties in assessing potential hazards, treated

wastewater should only be used for irrigation íf no other local water sources is avaible

(priority to efficiency measures)
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Lazarova, Valentina, International Water 

Association; Milestones in Water Reuse: The 

Best Success Stories (2013)



PFAS in surface water (ng/l)
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PFBS PFHxS PFOS PFBA PFHxA PFOA PFNA Reference

West Coast, 

2009

South 

Korea
<0.2 – 16 <0.2 - 8.7 0.4 – 47 0.5 – 31 <0.2 - 5.9 Naile et al., 2010, 

River Xi, Fuxin, 

2009
China 7 – 445 0.2 - 0.6 0.3 - 0.5 27 - 668 0.4 – 16 Bao et al. 2011, 

Rivers, 2010 Japan nd - 8.4 nd – 97 <1.5 – 18
nd –

16,000

<1.5 –

360
nd – 39

Takamine et al., 

2014, 

Rivers, 2008 Taiwan
49 –

5,440
11 - 310 Lin et al., 2009

Elbe, 2007 Germany 3.5 - 5.3 0.3 - 0.5 4.1 -6.2 nd - 0.4 1.7 – 2.6 4.4 -4.8 0.7 -1.2
Ahrens et al. 

2010. 

Baltic Sea, 

2007

Baltic 

Sea
0.3 - 0.9 nd - 0.6 nd - 0.4 nd – 0.4 0.1 - 0.3 0.3 – 4.6 0.1 - 0.4

Ahrens et al. 

2010. 

Steinbecke, 

2005
Germany 33,900

Skutlarek et al. 

2006. 

Greenland sea

2007-2010

<0.001 -

0.02
nd - 0.04 <0.1 - 0.2

<0.003 -

0.1

0.004 –

0.2

<0.003 -

0.1
Zhao et al. 2012. 



Concerns on certain PFAS – mobility

Edyta Pawlowska/Fotaloa.com

Emotion\fotolia.com

 Certain PFAS can occur in raw water 

and can therefore be transferred into 

drinking water

 Certain PFAS cannot be eliminated 

from water with the commonly 

applied measures

(e. g. Lundgren et al. 2014)

Potential exposure of humans 

via drinking water

Examples:

• 18% of 85 Spanish tapwater samples 

(Gellrich et al., 2013)

• 23% of 26 German tapwater samples 

(Llorca et al., 2012)

• 86% of 7 tapwater samples from six 

EU Countries (Ullah et al., 2011)

• 49% of 26 waterworks along the river 

Rhine (Wilhelm et al., 2010)



Concerns of certain PFAS – Enrichment in plants

 Plant uptake shown by several studies e.g. for wheat, maize, grass and 

vegetables

 Enrichment in edible parts of plants

 Benchmarking with PFOA: PFHxA higher uptake and higher transfer to edible 

parts of plants

(Felitzeter et al. 2014; Krippner et al. 2015; Wen et al. 2014; Yoo et al. 2011)

Source: Marc Rathman\ fotolia.de

Potential exposure of 

humans via food



Long-chain PFASs in human blood
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Long-chain PFASs in breast milk
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PFAS in Municipal Waste Water Treatment Plants
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Analyte
LOD LOQ EFF 1 EFF 2 EFF 4 EFF 6

ng/L

PFPeA 2.5 5.1 14.0 9.9 21.4 14.3

PFHxA 1.3 6.6 <LOQ <LOQ <LOQ <LOQ

PFHpA 1.0 4.8 <LOQ <LOQ <LOQ <LOQ

PFOA 0.2 2.3 10.2 9.7 10.3 7.4

PFNA 0.3 3.1 <LOQ n.d. <LOQ n.d.

PFDA 0.7 3.3 <LOQ n.d. n.d. n.d.

PFBS 0.7 1.3 13.0 12.5 12.2 12.9

PFHxS 0.1 1.3 <LOQ <LOQ <LOQ <LOQ

PFOS 0.4 1.8 22.8 20.4 13.5 12.8

6:2-FTS 0.1 0.3 20.1 56.9 33.3 23.8

8:2-FTS 1.3 2.5 n.d. <LOQ n.d. n.d.

PFAS concentrations in ng/L in the effluent samples of a municipal 

WWTP. Only substances with at least one detection are shown.
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