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The water cycle



The water cycle threatened by pollution 
with contaminants of emerging concern

  

Pesticides

Perfluor compounds

Pharmaceuticals
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The water cycle 
threatened by 
pollution with 
Pharmaceuticals

• Wastewater treatment effluents

• Surface waters

• Groundwater

• Drinking water
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Wastewater 
treatment effluents
90 European wastewater treatment 
plants

Loos et al., Water Research 47 (2013), 6475-6487
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Surface waters
European river waters

Hughes et al., Env. Sci. Technology 47 (2013), 661-677
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Surface waters
European river waters

Loos et al., Environmental Pollution 157 (2009), 561-568



AbatES - a tool to combat emerging substances in the water cycle

Groundwaters

Lopez et al., Science of the Total Environment 518-519 (2015), 562-573
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Surface waters
Drinking water resources
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Surface waters
Drinking water resources
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Drinking water 
resources - NL

• 99 pharmaceuticals analysed

• All more than once

• In total 728 “hits”

• 98 analyses > 100 ng/l
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Top 20 most present 
pharmaceuticals in 
river Rhine and river 
Meuse
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Drinking waters
Houtman et al., Science of the Total Environment 496 (2014), 54-62



Future perspective
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The challenge of pharmaceuticals

• Safe drinking water is a human right

• Access to appropriate medication is a human right

• Pharmaceutical residues in surface water and ground 

water
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Abatement options • Source protection

• Removal at wastewater 

treatment plants

• Removal at drinking water 

treatment plants

• Decentralized treatment

• ….and many more….
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Source protection

• Water Framework Directive

• “[..] avoiding deterioration in their 
quality to reduce the level of 
purification treatment [..]”  Art. 7 (3)

• Drinking Water Directive

• Emphasizing precautionary 
principle in water policies
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Wastewater 
treatment

Luo et al., Science of the Total Environment 473-474 (2014), 619-614

Requires additional steps
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Drinking water 
treatment

Van der Hoek et al., Journal of Water Supply: Research and Technology-AQUA 63.2 
(2014), 124-130

Requires advanced treatment
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End of pipe 
solutions are not 
sustainable

• Economically unsustainable: water 

bills might increase €10-

20/person/year

• Environmentally unsustainable: 

increase in energy, chemicals 

consumption and chemical-by-

products

• 100% removal hardly achievable

• Against circular economy approach
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Decentralized 
treatment
e.g. hospital wastewater, separate 
urine collection
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• Green pharmacy

• Eco-label on packaging

• Compulsory prescriptions for medications with 

high environmental impact

• Raise awareness and promote healthier 

lifestyles

• Bring back programs

• Etc….

…and many more…



The way forward: active cooperation and 
committed exchange with all involved actors at 
different levels 

Here you see at the top the list of substances detected 

most frequently, and at the bottom the list of substances 

detected at relatively high concentrations.
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To conclude • Pharmaceuticals in the water 

cycle is a problem

• End-of-pipe solutions are not the 

preferred solutions

• The way forward: active 

cooperation of all stakeholders 
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