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Contaminants of Emerging Concern 

  

Pesticides 

Perfluor compounds 

Pharmaceuticals 



Presence in the water cycle 



Resource protection 

• Water Framework Directive: 

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

 

• European Drinking Water Directive: 

• “[..] Member States shall ensure that risk assessment and risk management of 
the catchment areas for abstraction points of water intended for human 
consumption is carried out.” Art. 8 (1)  



Contaminants of Emerging Concern and Drinking Water Supply 

Drinking water 
treatment 
technologies in 
Europe 
 

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

Raw water sources: 

• Groundwater 

• Surface water 

• Surface water + AR 

• River bank filtration 

Treatment schemes: 

• No treatment 

• Conventional treatment 

• Advanced treatment 

• Conventional + 

advanced treatment 
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Pharmaceuticals in 
Dutch drinking water 
and its sources 
Rhine and Meuse 
 

 

Houtman et al., Science of the Total Environment 496 (2014), 54-62 

• 2-year set of 4-weekly monitoring data of 
pharmaceuticals (2011-2012) 
 

• 42 pharmaceuticals monitored 
 

• 37 pharmaceuticals detected 
 

• Lifelong exposure < 10% of 1 DDD 
 
 
 



River Rhine: advanced treatment 

River Meuse: advanced treatment 
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Highly polar 
chemicals in Dutch 
and Flemish 
drinking water and 
its sources 
• 32 persisent mobile organic 

contaminants (PMOCs) analysed 

• 12 compounds detected in groundwater, 

surface water and drinking water 

• Levels between 0.01 and 4.2 µg/L 

• One compound above pGLV 

(dichloroacetic acid) 

Kolkman et al., ES&T|Water 1(4) (2021), 928-937 
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CECs in raw water 
and drinking water 
from Europe and Asia 

• 13 DWTPs (9 European, 4 Asian) 

• Use of surface water 

• Pharmaceuticals, pesticides, PFASs, other 

compounds 

• 115 out of 177 target compounds detected 

• Raw water 15-7795 ng/L 

• Drinking water 35-919 ng/L 

• Treatment efficiency 65 ± 28% 

Tröger et al., Water Research 198 (2021), 117099 

raw water 

drinking water 
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CECs in source and 
treated drinking 
waters of the USA 

• 29 DWTPs 

• Phase I (2007), 84 chemicals monitored 

 - 27 detected in source water 

 - 21 detected in treated drinking water 

• Phase II (2010-2012), 247 chemicals monitored 

 - 148 detected in source water 

 - 121 detected in treated drinking water 
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Some general observations 

• A wide variety of CECs are present in raw water sources and in drinking 

water, even with advanced drinking water treatment schemes 

• Many CECs are not regulated: neither in raw water sources nor in 

drinking water 

• Pharmaceuticals show no health issue in drinking water, but the problem 

may grow 
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Predicted use of 
pharmaceuticals 

• Situation is likely to deteriorate in 

the future 

• Pharmaceuticals in the 

environment pose a threat to the 

aquatic environment and drinking 

water resources 

 



Predicted use of pharmaceuticals 

Van der Aa et al., Water Science & Technology 63.4 (2011), 825-831 



Some general observations 

• A wide variety of CECs are present in raw water sources and in drinking 

water, even with advanced drinking water treatment processes 

• Many CECs are not regulated: neither in raw water sources nor in 

drinking water 

• Pharmaceuticals show no health issue in drinking water, but the problem 

may grow 

• PFASs (perfluoroalkyl substances and polyfluoroalkyl substances) are 

hardly removed 



PFAS regulation 

• New European Drinking Water Directive – January 2021 

 

 

 

 

 

Parameter Parametric value Unit Notes 

PFAS Total 0.50 µg/L ‘PFAS Total means the totality of 
per- and polyfluoroalkyl 

substances 

Sum of PFAS 0.10 µg/L ‘Sum of PFAS’ means the sum of 
per- and polyfluoroalkyl 

substances considered a concern 

as regards water intended for 

human consumption (20 specific 

PFASs) 



PFAS regulation 

• European Food Safety Agency – Scientific opinion 17 September 2020 

 4.4 ng/kg bodyweight/week for ∑ PFOS, PFOA, PFNA and PFHxS 



PFAS-EFSA health-based guideline 
value (HBGV) for drinking water 

• TDI = 4.4 ng/ kg bw/w / 7 days = 0.63 ng kg bw /day 

• Bodyweight 70 kg 

• Drinking water consumption 2 L/day 

• Allocation drinking water 20% 

𝐻𝐵𝐺𝑉 =  
𝑇𝑜𝑙𝑒𝑟𝑎𝑏𝑙𝑒 𝐷𝑎𝑖𝑙𝑦 𝑖𝑛𝑡𝑎𝑘𝑒 × 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 × 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛%𝐷𝑎𝑖𝑙𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑑𝑟𝑖𝑛𝑘𝑖𝑛𝑔 𝑤𝑎𝑡𝑒𝑟 

 

𝑯𝑩𝑮𝑽 =  𝑇𝑜𝑙𝑒𝑟𝑎𝑏𝑙𝑒 𝐷𝑎𝑖𝑙𝑦 𝑖𝑛𝑡𝑎𝑘𝑒×𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 ×𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛%𝐷𝑎𝑖𝑙𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑜𝑓 𝑑𝑟𝑖𝑛𝑘𝑖𝑛𝑔 𝑤𝑎𝑡𝑒𝑟  = 4.4 ng/L PFOA equivalents 



Relative Potency Factor: 
Concentrations are translated to PFOA-
equivalents 

Compound Name Concentration 

(ng/L) 

RPF factor PFOA equivalents (PEQ) 

(ng/L) 

PFOA Perfluorooctanoic acid 1 1 1 

PFOS Perfluorooctane sulfonic acid 1 2 2 

PFNA Perfluorononanoic acid 1 10 10 

PFHxS Perfluorohexane sulfonic acid 1 0.6 0.6 

∑ = 4 ∑ = 13.6 



DWD-PFAS versus EFSA-PFAS 

DWD EFSA 

100 ng/L as Sum of 

20 PFAS 

compounds 

4.4 ng/L as PFOA- 

equivalents for 4 

PFAS compounds 



Removal efficiency drinking water 
treatment – an example 

Total 4 PFAS, 2019-2020 

Groundwater Surface water 
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Limited effect 



Effective….but very expensive! 



Ebrahimzadeh et al., Journal of Water Process Engineering 42 (2021), 
102164 



Future developments 
• Cyclodextrine (glucose based) as alternative adsorbant: 

 

 

 

 

• Costs? Sustainability? 

• Application as pellets: abrasion? 

• Regeneration (with methanol), residual waste? 

PFAS removal from ground water, EBCT 3.2 min 

Wang et al., ES&T Letters 7(12) (2020), 954-960 



Future developments 

• All-Silica β-Zeolite as alternative adsorbent: 

 

• Only PFOA and PFOS? 

• Application in practice: granules? 

• Regeneration? 

• Costs? Sustainability? 

 

 

Adsorption of PFOA and PFAS by β-

Zeolite and AC in the presence of 

competing compounds 

Van den Bergh et al., Angewendte Chemie 132 (2020), 14190-14194 



Conclusions 

• Many CECs are present in the water cycle 

• Many CECs introduce environmental risks and public health risks 

• Resource protection is the way forward to protect drinking water quality 

• Phasing out the use of persistent and mobile compounds protects the 

environment and guarantees a safe drinking water 
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