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Background

• Pollution of European receiving waters with contaminants of emerging 
concern (CECS), such as with 17-beta-estradiol (a natural estrogenic 
hormone, E2), along with pharmaceutically-active compounds diclofenac 
(an anti-inflammatory drug, DCL) and 17-alpha-ethynylestradiol (a synthetic 
estrogenic hormone, EE2)) is a ubiquitous phenomenon. 

• These three CECS were added to the EU watch list of emerging 
substances to be monitoring in 2013, which was updated in 2015 to 
comprise 10 substances/groups of substances in the field of water policy.

• Anticipate their entrance in the water framework directive (WFD) priority 
subtances list 

• Complex problem on many levels suggesting that we are dealing with this 
problem from crisis management perspective - but need to move towards 
prevention – we need to understand situation by way of monitored data and 
share this openly. 



Project objectives

• To ascertain positioning of Ireland as it relates to other EU countries 
for information on monitoring, sources, receptors and control 
measures for diclofenac (DCL), E2 and EE2 from 1995 to 2015 

• To map locations and concentrations of DCL, E2 and EE2 in Irish 
receiving waters from 1999-2014

• To develop semi-quantitative risk assessment (RA) model to predict at 
risk wastewater treatment plants in Ireland in order to inform future 
research and decision-making for policy. 



Eligibility criteria for systematic literature review; 
used for title and abstract filter. 

Eligibility Criteria

- Must specifically discuss at least one of the three compounds of interest

- Cannot focus exclusively on impacts of compound for human/animal/plant health

- Exclude papers that focus only on ecological/environmental/toxicological impacts unless they also discuss relevant

sources, receptors/monitoring or control measures

- Exclude clinical trial studies

- Must include some specific information on sources, receptors/monitoring or control measures

- Cannot focus on exposure routes other than water

- Study cannot be purely chemical, i.e. determining a chemical coefficient

- Exclude any papers on leaching of chemicals from bottled water/plastics

- Must be peer reviewed original article or review, or article in press

- Must be published between 1995-May 2015

- Research must be conducted in Europe or by at least one author affiliated with a European country

- Article must be written in English

- Full text must be available



A systematic literature 
review was conducted 
of 3,952 potentially 
relevant articles over 
period 1995 to 2015 
that produced a new 
EU-wide database 
consisting of 1,268 
publications on DCL, 
E2 and EE2. 
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diclofenac 45 1268 81 Removal of endocrine disruptors and non-steroidal anti-inflammatory drugs through wastewater chlorination: The effect of pH, total suspended solids and humic acids and identification of degradation by-productsEndocrine disrupting chemicals (EDCs) and non-steroidal anti-inflammatory drugs (NSAIDs) are two groups of emerging pollutants the significance of which rests on their persistent detection in the aquatic environment and their possible adverse effects. Wastewater treatment plants are one of the major ways for transporting such chemicals in the aquatic environment. Chlorination is usually the last stage of treatment before wastewater being disposed to the aquatic environment. This work focuses on the evaluation of the effect of chlorine dose and specific wastewater characteristics (pH, total suspended solids and humic acids) on the removal of target EDCs and NSAIDs through chlorination. Another objective of this study is the identification of chlorination by-products of specific EDCs and NSAIDs and their dependence on contact time. Based on the results it is concluded that the effect of chlorine dose and humic acids concentration on the degradation of target compounds during chlorination is minimal. On the cont1 0 1 concentration 1 1 1 1 NS 1 WWTP Greece Noutsopoulos C., Koumaki E., Mamais D., Nika M.-C., Bletsou A.A., Thomaidis N.S.2015 Chemosphere 119 S109 S114 10.1016/j.chemosphere.2014.04.107http://www.scopus.com/inward/record.url?eid=2-s2.0-84922721898&partnerID=40&md5=a3783d7a9740b54016f9e7bce91eb062Sanitary Engineering Laboratory, Department of Water Resources and Environmental Engineering, School of Civil Engineering National Technical University of Athens, 5 Iroon PolytechniouZografou Athens, Greece; Laboratory of Analytical Chemistry, Department of Chemistry, National and Kapodistrian University of Athens, Panepistimioupolis ZografouAthens, GreeceNoutsopoulos, C., Sanitary Engineering Laboratory, Department of Water Resources and Environmental Engineering, School of Civil Engineering National Technical University of Athens, 5 Iroon PolytechniouZografou Athens, Greece; Koumaki, E., Sanitary Engineering Laboratory, Department of Water Resources and Environmental Engineering, School of Civil Engineering National Technical University of Athens, 5 Iroon PolytechniouZografou Athens, Greece; Mamais, D., Sanitary Engineering Laboratory, Department of Water Resources and Environmental Engineering, School of Civil Engineering National Technical University of Athens, 5 Iroon PolytechniouZografou Athens, Greece; Nika, M.-C., Laboratory of Analytical Chemistry, Department of Chemistry, National and Kapodistrian University of Athens, Panepistimioupolis ZografouAthens, Greece; Bletsou, A.A., Laboratory of Analytical Chemistry, Department of Chemistry, National and Kapodistrian University of Athens, Panepistimioupolis ZografouAthens, Greece; Thomaidis, N.S., LaboratoBy-products; Chlorination; Endocrine disrupting chemicals; Pharmaceuticals; WastewaterBiological materials; Byproducts; Chemical detection; Chemicals; Chlorination; Chlorine; Chlorine compounds; Drug products; Endocrine disrupters; Organic acids; pH effects; Phenols; Pollution detection; Wastewater; Wastewater treatment; Water analysis; Chlorination byproducts; Degradation by-products; Endocrine disrupting chemicals; Free available chlorines; Non-steroidal anti-inflammatory drugs; Total suspended solids; Wastewater characteristics; Wastewater treatment plants; Chemicals removal (water treatment); chlorine; endocrine disruptor; humic acid; nonsteroid antiinflammatory agent; Article; chlorination; degradation; electrophilicity; environmental exposure; pH; substitution reaction; suspended particulate matter; task performance; waste water managementchlorine, 13981-72-1, 7782-50-5; humic acid, 1415-93-6Noutsopoulos, C.; Sanitary Engineering Laboratory, Department of Water Resources and Environmental Engineering, School of Civil Engineering National Technical University of Athens, 5 Iroon Polytechniou, GreeceEnglish Article Scopus 2-s2.0-84922721898

diclofenac/E2/EE2 44 1267 80 Pharmaceuticals in groundwaters: a case study of the psychiatric hospital at Horní Beřkovice, Czech RepublicThe majority of current wastewater treatment plants are unable to effectively eliminate micropollutants like pharmaceuticals. This specific type of pollution, which is currently not regulated in today’s legislation, goes to a greater or lesser extent into surface streams and then into groundwaters. The occurrence of pharmaceuticals in groundwater was addressed by only few studies till now and should be considered by new researches in different localities with different conditions. Monitoring of groundwater quality in the area of the psychiatric hospital at Horní Beřkovice showed that local groundwater contains a range of pharmaceuticals. The geological environment is able to effectively eliminate many of them (e.g. estrogens) over a relatively short distance, but in the case of other pharmaceuticals the efficacy of elimination of groundwater pollution is significantly lower (e.g. diclofenac). The results of the project disclosed a series of related, yet unresolved issues and unanswered questions. Development 1 1 0 concentration 1 1 1 1 NS 0 review Czech Republic Rozman D., Hrkal Z., Eckhardt P., Novotna E., Boukalova Z.2015 Environmental Earth Sciences73 7 3775 3784 10.1007/s12665-014-3663-1http://www.scopus.com/inward/record.url?eid=2-s2.0-84924664642&partnerID=40&md5=4c4cb1255ac0421e522a73ff03a28117T.G. Masaryk Water Research Institute, Podbabská 30Praha 6, Czech Republic; Department of Hydrogeology, Charles University, Albertov 6Praha 2, Czech Republic; Vodní Zdroje a.s., Jindřicha Plachty 16Praha 5, Czech Republic; Department of Physical Geography and Geoecology, Charles University, Albertov 6Praha 2, Czech RepublicRozman, D., T.G. Masaryk Water Research Institute, Podbabská 30Praha 6, Czech Republic; Hrkal, Z., T.G. Masaryk Water Research Institute, Podbabská 30Praha 6, Czech Republic, Department of Hydrogeology, Charles University, Albertov 6Praha 2, Czech Republic; Eckhardt, P., T.G. Masaryk Water Research Institute, Podbabská 30Praha 6, Czech Republic; Novotná, E., T.G. Masaryk Water Research Institute, Podbabská 30Praha 6, Czech Republic; Boukalová, Z., Vodní Zdroje a.s., Jindřicha Plachty 16Praha 5, Czech Republic, Department of Physical Geography and Geoecology, Charles University, Albertov 6Praha 2, Czech RepublicGroundwater; Infiltration; Micropollutants; Pharmaceuticals; Recharge; WastewaterDrug dosage; Drug products; Groundwater; Groundwater pollution; Hospitals; Infiltration; Pollution; Wastewater; Wastewater treatment; Water quality; Czech Republic; Economic impacts; Efficient technology; Geological environment; Micropollutants; Recharge; Surface streams; Wastewater treatment plants; Lead removal (water treatment); drug; environmental fate; groundwater pollution; infiltration; psychology; public health; recharge; waste treatment; wastewater; Czech RepublicRozman, D.; T.G. Masaryk Water Research Institute, Podbabská 30, Czech RepublicEnglish Article Scopus 2-s2.0-84924664642

diclofenac 43 1266 79 Advanced treatment of urban wastewater by sand filtration and graphene adsorption for wastewater reuse: Effect on a mixture of pharmaceuticals and toxicityPharmaceuticals removal from urban wastewater by coupling conventional sand filtration with graphene adsorption reactor (GAR) was investigated. During GAR regime phase, the percentage removal of the four investigated pharmaceuticals, (namely caffeine, carbamazepine, ibuprofen and diclofenac) was higher than 95% (98.2, 97.0, 95.5 and 97.0%, respectively). In spite of the high initial concentrations of the target pharmaceuticals (10 mg/L each) and 4 months of experimentation (62 days of adsorption treatment), typical breakthrough adsorption curves were not observed. Graphene adsorption treatment effectively decreased toxicity to Daphnia magna (0-50% immobilization), but only a slight improvement in germination index (phyto-toxicity tests) was observed after GAR treatment. Finally, graphene performances were compared with conventional (granular activated carbon) adsorption process, and the best performance in the removal of pharmaceutical mixture was quite poor (62% in terms of UV absorbance) compared to GAR (960 0 1 concentration 1 0 0 1 NS 1 lab Italy Rizzo L., Fiorentino A., Grassi M., Attanasio D., Guida M.2015 Journal of Environmental Chemical Engineering3 1 122 128 10.1016/j.jece.2014.11.011http://www.scopus.com/inward/record.url?eid=2-s2.0-84920461510&partnerID=40&md5=8b574d82bed1a917aea81943e0831c70Department of Civil Engineering, University of Salerno, Via Giovanni Paolo IIFisciano, SA, Italy; Department of Civil and Environmental Engineering, University of Florence, Via di Santa Marta 3Florence, Italy; Department of Biology, University of Naples Federico II, Complesso Universitario di Monte S. Angelo, Via Cinthia ed 7Naples, ItalyRizzo, L., Department of Civil Engineering, University of Salerno, Via Giovanni Paolo IIFisciano, SA, Italy; Fiorentino, A., Department of Civil Engineering, University of Salerno, Via Giovanni Paolo IIFisciano, SA, Italy; Grassi, M., Department of Civil and Environmental Engineering, University of Florence, Via di Santa Marta 3Florence, Italy; Attanasio, D., Department of Civil Engineering, University of Salerno, Via Giovanni Paolo IIFisciano, SA, Italy; Guida, M., Department of Biology, University of Naples Federico II, Complesso Universitario di Monte S. Angelo, Via Cinthia ed 7Naples, ItalyAgricultural wastewater reuse; Carbon nanotubes; Granular activated carbon; Pharmaceuticals; Phyto-toxicity tests; Sand filtrationActivated carbon; Adsorption; Carbon; Carbon nanotubes; Drug products; Granular materials; Graphene; Mixtures; Toxicity; Wastewater reclamation; Wastewater treatment; Yarn; Adsorption process; Adsorption reactor; Agricultural wastewater; Granular activated carbons; Initial concentration; Pharmaceutical mixtures; Sand filtration; Toxicity test; Activated carbon treatment; Daphnia magnaRizzo, L.; Department of Civil Engineering, University of Salerno, Via Giovanni Paolo II, ItalyEnglish Article Scopus 2-s2.0-84920461510

diclofenac 42 1265 78 Toward the development of a novel electro-Fenton system for eliminating toxic organic substances from water. Part 2. Preparation, characterization, and evaluation of iron-impregnated carbon felts as cathodic electrodesNew results are presented on the preparation and performance of iron-impregnated carbon electrodes for a novel electro-Fenton "filter"-type device, reported in a previous publication. Two composite Fe/carbon-felt electrodes were prepared via different procedures: one prepared under oxidizing conditions (i.e., dissolved oxygen) through immersion of carbon felt in an iron ethanolic solution (CFm-Fe), and another prepared under reduced oxidative conditions (nitrogen, ammonia, etc.) leading to in situ formation of iron nanoparticles on the carbon surface (CFm-nFe). The cathodes were characterized by X-ray diffraction (XRD), N2 adsorption-desorption (BET), scanning electron microscopy (SEM), Raman microspectroscopy, and linear sweep voltammetry (LSV). The stability and oxidation performance of these electrodes were evaluated by measuring the leaching of iron species and the degradation in aqueous medium of a common pharmaceutical compound (diclofenac), respectively. The results show that the flow-through operation0 0 1 concentration 1 0 0 1 NS 1 lab Greece Sklari S.D., Plakas K.V., Petsi P.N., Zaspalis V.T., Karabelas A.J.2015 Industrial and Engineering Chemistry Research54 7 2059 2073 10.1021/ie5048779http://www.scopus.com/inward/record.url?eid=2-s2.0-84923482221&partnerID=40&md5=20bec425ab62eb4c1a193c97ad13e32fChemical Process and Energy Resources Institute, Centre for Research and Technology-Hellas, Sixth km Charilaou-Thermi RoadThermi, Thessaloniki, GreeceSklari, S.D., Chemical Process and Energy Resources Institute, Centre for Research and Technology-Hellas, Sixth km Charilaou-Thermi RoadThermi, Thessaloniki, Greece; Plakas, K.V., Chemical Process and Energy Resources Institute, Centre for Research and Technology-Hellas, Sixth km Charilaou-Thermi RoadThermi, Thessaloniki, Greece; Petsi, P.N., Chemical Process and Energy Resources Institute, Centre for Research and Technology-Hellas, Sixth km Charilaou-Thermi RoadThermi, Thessaloniki, Greece; Zaspalis, V.T., Chemical Process and Energy Resources Institute, Centre for Research and Technology-Hellas, Sixth km Charilaou-Thermi RoadThermi, Thessaloniki, Greece; Karabelas, A.J., Chemical Process and Energy Resources Institute, Centre for Research and Technology-Hellas, Sixth km Charilaou-Thermi RoadThermi, Thessaloniki, GreeceCarbon; Cathodes; Dissolved oxygen; Felt; Iron; Iron compounds; Organic chemicals; Scanning electron microscopy; Water treatment; X ray diffraction; Adsorption desorption; Electro-Fenton process; Linear sweep voltammetry; Oxidizing conditions; Pharmaceutical compounds; Pollutant concentration; Raman microspectroscopy; Research and development; ElectrodesKarabelas, A.J.; Chemical Process and Energy Resources Institute, Centre for Research and Technology-Hellas, Sixth km Charilaou-Thermi Road, GreeceEnglish Article Scopus 2-s2.0-84923482221

diclofenac 41 1264 76 Enhanced ozonation of selected pharmaceutical compounds by sonolysisIn search of new options to achieve removal of pharmaceuticals in the environment, combined ultrasound and ozonation has become a focus of intense investigation for wastewater treatment. In this study, three pharmaceuticals were selected as model compounds for degradation experiments: diclofenac (DCF), sulfamethoxazole (SMX) and carbamazepine (CBZ). Comparison of the degradation rates for both ozonation and combined ultrasound/ozonation treatments was performed on single synthetic solutions as well as on a mixture of the selected pharmaceuticals, under different experimental conditions. For single synthetic solutions, the efficiency removal for ozonation reached 73%, 51% and 59% after 40 min for DCF, SMX and CBZ, respectively. Comparable results were obtained for pharmaceuticals in mixture. However, the combined ultrasound/ozone treatment was found to increase degradation efficiencies for both DCF and SMX single solutions up to 94% and 61%, respectively, whereas lower removal yields, up to 56%, was noted for 0 0 1 concentration 1 0 0 1 NS 1 lab Italy/Turkey Naddeo V., Uyguner-Demirel C.S., Prado M., Cesaro A., Belgiorno V., Ballesteros F.2015 Environmental Technology (United Kingdom)36 15 1876 1883 10.1080/09593330.2015.1014864http://www.scopus.com/inward/record.url?eid=2-s2.0-84929291361&partnerID=40&md5=e9c6f43d4e95051b6f82922e618d8ac9Sanitary Environmental Engineering Division, Department of Civil Engineering, University of Salerno, Via Giovanni Paolo IIFisciano, SA, Italy; Institute of Environmental Science, Bogazici UniversityBebek, Istanbul, Turkey; Department of Environmental Engineering, University of the PhilippinesDiliman, Quezon City, Metro Manila, PhilippinesNaddeo, V., Sanitary Environmental Engineering Division, Department of Civil Engineering, University of Salerno, Via Giovanni Paolo IIFisciano, SA, Italy; Uyguner-Demirel, C.S., Institute of Environmental Science, Bogazici UniversityBebek, Istanbul, Turkey; Prado, M., Department of Environmental Engineering, University of the PhilippinesDiliman, Quezon City, Metro Manila, Philippines; Cesaro, A., Sanitary Environmental Engineering Division, Department of Civil Engineering, University of Salerno, Via Giovanni Paolo IIFisciano, SA, Italy; Belgiorno, V., Sanitary Environmental Engineering Division, Department of Civil Engineering, University of Salerno, Via Giovanni Paolo IIFisciano, SA, Italy; Ballesteros, F., Department of Environmental Engineering, University of the PhilippinesDiliman, Quezon City, Metro Manila, Philippinesadvanced oxidation processes; degradation; emerging contaminants; ozone; ultrasound Naddeo, V.; Sanitary Environmental Engineering Division, Department of Civil Engineering, University of Salerno, Via Giovanni Paolo II, ItalyEnglish Article Scopus 2-s2.0-84929291361

diclofenac 40 1263 74 Is there a risk for the aquatic environment due to the existence of emerging organic contaminants in treated domestic wastewater? Greece as a case-studyThe ecological threat associated with emerging pollutants detected in wastewater was estimated in country level. Treated wastewater was analyzed for pharmaceuticals and illicit drugs; whereas the concentrations of all emerging contaminants determined in Greek Sewage Treatment Plants were recorded through literature review. Toxicity data was collected after literature review or using ECOSAR and risk quotients (RQs) were calculated for treated wastewater and 25 Greek rivers, for 3 different aquatic organisms (fish, daphnia magna, algae). According to the results, monitoring data was available for 207 micropollutants belonging to 8 different classes. RQ. >. 1 was calculated for 30 compounds in secondary treated wastewater. Triclosan presented RQ. >. 1 (in algae) for all studied rivers; decamethylcyclopentasilane (in daphnia magna), caffeine (in algae) and nonylphenol (in fish) presented RQ. >. 1 in rivers with dilution factors (DF) equal or lower to 1910, 913 and 824, respectively. The class of emerging contamin1 1 0 concentration 1 1 1 1 NS 1 field Greece Thomaidi V.S., Stasinakis A.S., Borova V.L., Thomaidis N.S.2015 Journal of Hazardous Materials283 740 747 10.1016/j.jhazmat.2014.10.023http://www.scopus.com/inward/record.url?eid=2-s2.0-84920066230&partnerID=40&md5=b72c9540e44307f718f8e2fd9b53b993Department of Environment, University of the AegeanMytilene, Greece; Department of Chemistry, National and Kapodistrian University of Athens, Panepistimioupolis ZografouAthens, GreeceThomaidi, V.S., Department of Environment, University of the AegeanMytilene, Greece; Stasinakis, A.S., Department of Environment, University of the AegeanMytilene, Greece; Borova, V.L., Department of Chemistry, National and Kapodistrian University of Athens, Panepistimioupolis ZografouAthens, Greece; Thomaidis, N.S., Department of Chemistry, National and Kapodistrian University of Athens, Panepistimioupolis ZografouAthens, GreeceEffects; Environmental risk assessment; Micropollutants; Occurrence; SewageAlgae; Aquatic organisms; Ecology; Endocrine disrupters; Fish; Impurities; Mixtures; Pollution detection; Risk assessment; Rivers; Sewage; Sewage treatment plants; Surface waters; Toxicity; Water treatment; Aquatic environments; Effects; Emerging contaminant; Emerging organic contaminants; Environmental risk assessment; Micropollutants; National monitoring programs; Occurrence; Wastewater treatment; 4,4' isopropylidenediphenol; amoxicillin; atorvastatin; azithromycin; benzothiazole derivative; caffeine; clarithromycin; clofibric acid; diclofenac; endocrine disruptor; fluoxetine; gemfibrozil; nonylphenol; ofloxacin; pentobarbital; perfluoro compound; phenobarbital; sertraline; siloxane; sucralose; sulfamethoxazole; surface water; sweetening agent; theophylline; tramadol; triclosan; valsartan; venlafaxine; alga; aquatic environment; drug; endocrine disruptor; environmental risk; fish; literature review; monitoring; organic pollutant; risk assessment; sewage; toxicity test; water treatment; alga; aquatic environ4,4' isopropylidenediphenol, 80-05-7; amoxicillin, 26787-78-0, 34642-77-8, 61336-70-7; atorvastatin, 134523-00-5, 134523-03-8; azithromycin, 83905-01-5; caffeine, 58-08-2; clarithromycin, 81103-11-9; clofibric acid, 7314-47-8, 882-09-7; diclofenac, 15307-79-6, 15307-86-5; fluoxetine, 54910-89-3, 56296-78-7, 59333-67-4; gemfibrozil, 25812-30-0; nonylphenol, 25154-52-3; ofloxacin, 82419-36-1; pentobarbital, 57-33-0, 76-74-4; phenobarbital, 50-06-6, 57-30-7, 8028-68-0; sertraline, 79617-96-2; sucralose, 56038-13-2; sulfamethoxazole, 723-46-6; theophylline, 58-55-9, 5967-84-0, 8055-07-0, 8061-56-1, 99007-19-9; tramadol, 27203-92-5, 36282-47-0; triclosan, 3380-34-5; valsartan, 137862-53-4; venlafaxine, 93413-69-5Stasinakis, A.S.; Department of Environment, University of the AegeanGreeceEnglish Article Scopus 2-s2.0-84920066230

diclofenac 39 1262 73 Lab-scale experimental strategy for determining micropollutant partition coefficient and biodegradation constants in activated sludgeThe nitrifying/denitrifying activated sludge process removes several micropollutants from wastewater by sorption onto sludge and/or biodegradation. The objective of this paper is to propose and evaluate a lab-scale experimental strategy for the determination of partition coefficient and biodegradation constant for micropollutant with an objective of modelling their removal. Four pharmaceutical compounds (ibuprofen, atenolol, diclofenac and fluoxetine) covering a wide hydrophobicity range (log Kow from 0.16 to 4.51) were chosen. Dissolved and particulate concentrations were monitored for 4 days, inside two reactors working under aerobic and anoxic conditions, and under different substrate feed conditions (biodegradable carbon and nitrogen). We determined the mechanisms responsible for the removal of the target compounds: (i) ibuprofen was biodegraded, mainly under aerobic conditions by cometabolism with biodegradable carbon, whereas anoxic conditions suppressed biodegradation; (ii) atenolol was biodegraded und1 0 1 concentration 1 0 0 1 NS 1 WWTP France Pomies M., Choubert J.M., Wisniewski C., Miege C., Budzinski H., Coquery M.2015 Environmental Science and Pollution Research22 6 4383 4395 10.1007/s11356-014-3646-5http://www.scopus.com/inward/record.url?eid=2-s2.0-84925465429&partnerID=40&md5=2e46232c76e1b9556925721bf9e4a973Irstea, UR MALY, 5 rue de la Doua, CS70077Cedex, Villeurbanne, France; UMR Qualisud, Université Montpellier 1, 15 Av. Ch. Flahault BP 14491Cedex 5, Montpellier, France; EPOC/LPTC UMR5805, Université Bordeaux 1, 351 Cours de la libérationCedex, Talence, FrancePomiès, M., Irstea, UR MALY, 5 rue de la Doua, CS70077Cedex, Villeurbanne, France; Choubert, J.M., Irstea, UR MALY, 5 rue de la Doua, CS70077Cedex, Villeurbanne, France; Wisniewski, C., UMR Qualisud, Université Montpellier 1, 15 Av. Ch. Flahault BP 14491Cedex 5, Montpellier, France; Miège, C., Irstea, UR MALY, 5 rue de la Doua, CS70077Cedex, Villeurbanne, France; Budzinski, H., EPOC/LPTC UMR5805, Université Bordeaux 1, 351 Cours de la libérationCedex, Talence, France; Coquery, M., Irstea, UR MALY, 5 rue de la Doua, CS70077Cedex, Villeurbanne, FranceActivated sludge; Experimental strategy; Modelling; Pharmaceuticals; Wastewater treatmentChoubert, J.M.; Irstea, UR MALY, 5 rue de la Doua, CS70077, FranceEnglish Article Scopus 2-s2.0-84925465429

diclofenac 38 1261 71 Impacts of coagulation on the adsorption of organic micropollutants onto powdered activated carbon in treated domestic wastewaterThe application of powdered activated carbon (PAC) as an advanced wastewater treatment step for the removal of organic micropollutants (OMP) necessitates complete separation of the PAC particles, e.g. by coagulation. In this study, potential positive or negative indirect or direct effects of coagulation on the adsorption of OMPs onto PAC in treated wastewater were investigated. Although the concentration of dissolved organic matter (DOM) was significantly reduced by coagulation, the selective removal of mainly larger DOM components such as biopolymers and humic substances did not improve subsequent OMP adsorption onto PAC, demonstrating that coagulation has minor effects on DOM constituents that are relevant for direct competition or pore blocking. The combination of coagulation and adsorption yielded the sum of the individual removals, as adsorption predominantly affected smaller compounds. While the formation of flocs led to visible incorporation of PAC particles, no significant mass transfer limitations im1 0 1 concentration 1 0 0 1 NS 1 WWTP Germany Altmann J., Zietzschmann F., Geiling E.-L., Ruhl A.S., Sperlich A., Jekel M.2015 Chemosphere 125 198 204 10.1016/j.chemosphere.2014.12.061http://www.scopus.com/inward/record.url?eid=2-s2.0-84923578334&partnerID=40&md5=8baf0dd157fe9aac4ec6d1daf30fcac4Technische Universität Berlin, Chair of Water Quality Control, Str. des 17. Juni 135Berlin, Germany; Berliner Wasserbetriebe, Cicerostr. 24Berlin, GermanyAltmann, J., Technische Universität Berlin, Chair of Water Quality Control, Str. des 17. Juni 135Berlin, Germany; Zietzschmann, F., Technische Universität Berlin, Chair of Water Quality Control, Str. des 17. Juni 135Berlin, Germany; Geiling, E.-L., Technische Universität Berlin, Chair of Water Quality Control, Str. des 17. Juni 135Berlin, Germany; Ruhl, A.S., Technische Universität Berlin, Chair of Water Quality Control, Str. des 17. Juni 135Berlin, Germany; Sperlich, A., Berliner Wasserbetriebe, Cicerostr. 24Berlin, Germany; Jekel, M., Technische Universität Berlin, Chair of Water Quality Control, Str. des 17. Juni 135Berlin, GermanyCoagulation; DOC competition; Organic micropollutants; Powdered activated carbon; UVA254; Wastewater treatmentActivated carbon; Activated carbon treatment; Adsorption; Biological materials; Biopolymers; Carbon; Chemical water treatment; Coagulation; Mass transfer; Wastewater treatment; Water absorption; Water treatment; Dissolved organic matters; Domestic wastewater; Mass transfer limitation; Organic micro-pollutants; Powdered activated carbon; Real time monitoring; Treated wastewater; UVA<sub>254</sub>; Effluents; activated carbon; biopolymer; carbamazepine; diclofenac; dissolved organic matter; powdered activated carbon; sulfamethoxazole; unclassified drug; water; activated carbon; adsorption; coagulation; concentration (composition); dissolved organic matter; organic pollutant; pollutant removal; sewage treatment; absorption; adsorption; Article; chemical composition; controlled study; effluent; humic substance; mass; organic micropollutant; pollutant; reduction; waste management; waste wateractivated carbon, 64365-11-3, 82228-96-4; carbamazepine, 298-46-4, 8047-84-5; diclofenac, 15307-79-6, 15307-86-5; sulfamethoxazole, 723-46-6; water, 7732-18-5Altmann, J.; Technische Universität Berlin, Chair of Water Quality Control, Str. des 17. Juni 135, GermanyEnglish Article Scopus 2-s2.0-84923578334
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diclofenac 32 1253 62 Selection of organic process and source indicator substances for the anthropogenically influenced water cycleAn increasing number of organic micropollutants (OMP) is detected in anthropogenically influenced water cycles. Source control and effective natural and technical barriers are essential to maintain a high quality of drinking water resources under these circumstances. Based on the literature and our own research this study proposes a limited number of OMP that can serve as indicator substances for the major sources of OMP, such as wastewater treatment plants, agriculture and surface runoff. Furthermore functional indicators are proposed that allow assessment of the proper function of natural and technical barriers in the aquatic environment, namely conventional municipal wastewater treatment, advanced treatment (ozonation, activated carbon), bank filtration and soil aquifer treatment as well as self-purification in surface water. These indicator substances include the artificial sweetener acesulfame, the anti-inflammatory drug ibuprofen, the anticonvulsant carbamazepine, the corrosion inhibitor benzotriazole a1 1 0 concentration 1 0 0 1 NA 0 review Germany Jekel M., Dott W., Bergmann A., Dunnbier U., Gnirss R., Haist-Gulde B., Hamscher G., Letzel M., Licha T., Lyko S., Miehe U., Sacher F., Scheurer M., Schmidt C.K., Reemtsma T., Ruhl A.S.2015 Chemosphere 125 155 167 10.1016/j.chemosphere.2014.12.025http://www.scopus.com/inward/record.url?eid=2-s2.0-84923384281&partnerID=40&md5=7a90691f6bc83065964af67456c6eb7bCentre for Water in Urban Areas, Technische Universität Berlin, Sekr. KF4, Straße des 17. Juni 135Berlin, Germany; Institute of Hygiene and Environmental Medicine, RWTH Aachen University, Pauwelsstraße 30Aachen, Germany; IWW Water Centre, Water Resources ManagementMühlheim/Ruhr, Germany; Berliner Wasserbetriebe, Neue Jüdenstraße 1Berlin, Germany; DVGW-Technologiezentrum Wasser (TZW), Karlsruher Straße 84Karlsruhe, Germany; Institute for Food Chemistry and Food Biotechnology, Justus Liebig University, Heinrich-Buff-Ring 58Giessen, Germany; Bavarian Environmental Agency, Demollstraße 31Wielenbach, Germany; Geoscience Centre, Department of Applied Geology, University Göttingen, Goldschmidtstraße 3Göttingen, Germany; Emschergenossenschaft, Kronprinzenstraße 24Essen, Germany; Berlin Centre of Competence for Water, Cicerostraße 24Berlin, Germany; RheinEnergie AG, Parkgürtel 24Cologne, Germany; Helmholtz Centre for Environmental Research (UFZ), Department of Analytical Chemistry, Permoserstraße 15Leipzig, GermanyJekel, M., Centre for Water in Urban Areas, Technische Universität Berlin, Sekr. KF4, Straße des 17. Juni 135Berlin, Germany; Dott, W., Institute of Hygiene and Environmental Medicine, RWTH Aachen University, Pauwelsstraße 30Aachen, Germany; Bergmann, A., IWW Water Centre, Water Resources ManagementMühlheim/Ruhr, Germany; Dünnbier, U., Berliner Wasserbetriebe, Neue Jüdenstraße 1Berlin, Germany; Gnirß, R., Berliner Wasserbetriebe, Neue Jüdenstraße 1Berlin, Germany; Haist-Gulde, B., DVGW-Technologiezentrum Wasser (TZW), Karlsruher Straße 84Karlsruhe, Germany; Hamscher, G., Institute for Food Chemistry and Food Biotechnology, Justus Liebig University, Heinrich-Buff-Ring 58Giessen, Germany; Letzel, M., Bavarian Environmental Agency, Demollstraße 31Wielenbach, Germany; Licha, T., Geoscience Centre, Department of Applied Geology, University Göttingen, Goldschmidtstraße 3Göttingen, Germany; Lyko, S., Emschergenossenschaft, Kronprinzenstraße 24Essen, Germany; Miehe, U., Berlin Centre of Competence for Water, CicerostAquatic environment; Diclofenac; Pharmaceuticals; Sulfamethoxazole; Trace pollutants; Urban water cycleActivated carbon; Agricultural runoff; Aquifers; Chemical analysis; Corrosion inhibitors; Drug products; Indicators (chemical); Ozone water treatment; Ozonization; Potable water; Sugar substitutes; Surface waters; Wastewater treatment; Water; Water filtration; Water pollution; Water resources; Aquatic environments; Diclofenac; Sulfamethoxazole; Trace pollutant; Urban waters; Activated carbon treatment; acesulfame; activated carbon; benzotriazole derivative; carbamazepine; drinking water; ibuprofen; indicator; mecoprop; runoff; surface water; sweetening agent; activated carbon; anthropogenic effect; aquatic environment; drug; hydrological cycle; organic pollutant; self purification; surface water; agricultural worker; agriculture; aquatic environment; aquifer; Article; cost; crop production; filtration; human; information; livestock; nonhuman; organic micropollutant; ozonation; pollutant; purification; soil; waste water management; waste water treatment plant; water cycle; watershedacesulfame, 33665-90-6, 55589-62-3; activated carbon, 64365-11-3, 82228-96-4; carbamazepine, 298-46-4, 8047-84-5; ibuprofen, 15687-27-1, 79261-49-7, 31121-93-4, 527688-20-6; mecoprop, 1929-86-8, 7085-19-0, 93-65-2Ruhl, A.S.; Centre for Water in Urban Areas, Technische Universität Berlin, Sekr. KF4, Straße des 17. Juni 135, GermanyEnglish Article Scopus 2-s2.0-84923384281

diclofenac 31 1252 57 Multi-residue analysis of pharmaceuticals in wastewater by liquid chromatography-magnetic sector mass spectrometry: Method quality assessment and application in a Belgian case studyThrough systematic research a novel analytical method using solid-phase extraction (SPE) and liquid chromatography magnetic sector mass spectrometry was developed for the measurement of 43 pharmaceuticals in wastewater. A thorough method validation quantified the contribution of both the extraction recovery and matrix effects in the overall method process efficiency, and a detailed uncertainty analysis was performed to elaborate a quality labelling strategy to be used in data interpretation. Compounds for which a precise (relative standard deviation &lt;20%) process efficiency between 60% and 140% was determined, were labelled as 'quantitative' whereas the results for other compounds should be interpreted as 'indicative'.Method application on influent and effluent samples of (i) a conventional active sludge system and (ii) a parallel membrane bioreactor/conventional active sludge wastewater treatment plant in Belgium revealed the occurrence of 22 pharmaceuticals. The anti-inflammatory drug diclofenac and the 1 0 1 concentration 1 0 0 1  liquid chromatography magnetic sector mass spectrometry 1 WWTP Belgium Vergeynst L., Haeck A., De Wispelaere P., Van Langenhove H., Demeestere K.2015 Chemosphere 119 S2 S8 1 10.1016/j.chemosphere.2014.03.069http://www.scopus.com/inward/record.url?eid=2-s2.0-84922693681&partnerID=40&md5=16b1adbd5a108ce716cfdd30e45e01aeResearch Group Environmental Organic Chemistry and Technology (EnVOC), Department of Sustainable Organic Chemistry and Technology, Faculty of Bioscience Engineering, Ghent University, Coupure Links 653Ghent, BelgiumVergeynst, L., Research Group Environmental Organic Chemistry and Technology (EnVOC), Department of Sustainable Organic Chemistry and Technology, Faculty of Bioscience Engineering, Ghent University, Coupure Links 653Ghent, Belgium; Haeck, A., Research Group Environmental Organic Chemistry and Technology (EnVOC), Department of Sustainable Organic Chemistry and Technology, Faculty of Bioscience Engineering, Ghent University, Coupure Links 653Ghent, Belgium; De Wispelaere, P., Research Group Environmental Organic Chemistry and Technology (EnVOC), Department of Sustainable Organic Chemistry and Technology, Faculty of Bioscience Engineering, Ghent University, Coupure Links 653Ghent, Belgium; Van Langenhove, H., Research Group Environmental Organic Chemistry and Technology (EnVOC), Department of Sustainable Organic Chemistry and Technology, Faculty of Bioscience Engineering, Ghent University, Coupure Links 653Ghent, Belgium; Demeestere, K., Research Group Environmental Organic Chemistry and Technology (EnVOC), DepaEmerging pollutant; Environmental risk assessment; High-resolution mass spectrometry; Pharmaceutical; Validation; Wastewater treatment plantBioreactors; Chromatography; Drug products; Effluent treatment; Effluents; Extraction; Liquid chromatography; Liquids; Mass spectrometry; Phase separation; Quality control; Sewage pumping plants; Spectrometry; Uncertainty analysis; Wastewater treatment; Water treatment plants; Emerging pollutants; Environmental risk assessment; High resolution mass spectrometry; Validation; Wastewater treatment plants; Risk assessment; diclofenac; venlafaxine; Article; Belgium; high performance liquid chromatography; liquid chromatography; magnetic sector mass spectrometry; mass spectrometry; quality control; residue analysis; risk assessment; sludge; solid phase extraction; waste water; waste water managementdiclofenac, 15307-79-6, 15307-86-5; venlafaxine, 93413-69-5Demeestere, K.; Research Group Environmental Organic Chemistry and Technology (EnVOC), Department of Sustainable Organic Chemistry and Technology, Faculty of Bioscience Engineering, Ghent University, Coupure Links 653, BelgiumEnglish Article Scopus 2-s2.0-84922693681

diclofenac 30 1251 55 Effect of temperature on removal of trace organic chemicals in managed aquifer recharge systemsThis study was undertaken to investigate whether changes in temperature experienced in MAR systems affect attenuation of trace organic chemicals (TOrCs). A set of laboratory-scale soil columns were placed in a temperature-controlled environmental chamber and operated at five different temperature set-points (30, 20, 10, 8 and 4. °C) covering the range of typical groundwater temperatures in cold, moderate and arid climate regions. Removal of bulk organic carbon both in the infiltration zone as well as during deeper infiltration was independent of temperature. Of the 22 TOrCs investigated, only six chemicals exhibited changes in attenuation as a function of temperature. Attenuation of four of the compounds (diclofenac, gemfibrozil, ketoprofen and naproxen) decreased as the temperature was reduced from 30. °C to 4. °C, likely due to decreased microbial activity at lower temperatures. As the temperature was decreased, however, attenuation of oxybenzone and trimethoprim were noted to increase. This increased atten0 0 1 concentration 1 0 0 1 NS 0 lab Germany Alidina M., Shewchuk J., Drewes J.E.2015 Chemosphere 122 23 31 1 10.1016/j.chemosphere.2014.10.064http://www.scopus.com/inward/record.url?eid=2-s2.0-84920531613&partnerID=40&md5=33b0970415376027050e10807ff0b87eWater Reuse and Desalination Center (WDRC), King Abdullah University of Science and TechnologyThuwal, Saudi Arabia; Chair of Urban Water Systems Engineering, Technische Universität MünchenGarching, GermanyAlidina, M., Water Reuse and Desalination Center (WDRC), King Abdullah University of Science and TechnologyThuwal, Saudi Arabia; Shewchuk, J., Water Reuse and Desalination Center (WDRC), King Abdullah University of Science and TechnologyThuwal, Saudi Arabia; Drewes, J.E., Water Reuse and Desalination Center (WDRC), King Abdullah University of Science and TechnologyThuwal, Saudi Arabia, Chair of Urban Water Systems Engineering, Technische Universität MünchenGarching, GermanyLC-MS/MS; Managed aquifer recharge; Temperature; Trace organic chemicals; Water reuseAquifers; Chemicals; Environmental chambers; Groundwater; Groundwater resources; Industrial chemicals; Infiltration; Organic carbon; Rate constants; Recharging (underground waters); Temperature; Wastewater reclamation; Water conservation; Critical temperatures; Effect of temperature; Groundwater temperatures; LC-MS/MS; Managed aquifer recharges; Microbial composition; Trace organic chemicals; Water reuse; Organic chemicals; diclofenac; gemfibrozil; ground water; ketoprofen; naproxen; organic compound; oxybenzone; trace organic chemical; trimethoprim; unclassified drug; aquifer; biotransformation; climate change; groundwater; infiltration; microbial community; organic carbon; soil column; temperature effect; water temperature; aquifer; Article; attenuation; kinetics; managed aquifer recharge system; microbial activity; seasonal variation; soil; temperature; waste component removal; waste water recyclingdiclofenac, 15307-79-6, 15307-86-5; gemfibrozil, 25812-30-0; ketoprofen, 22071-15-4, 57495-14-4; naproxen, 22204-53-1, 26159-34-2; oxybenzone, 131-57-7, 18733-07-8; trimethoprim, 738-70-5Drewes, J.E.; Chair of Urban Water Systems Engineering, Technische Universität München, Am Coulombwall 8, GermanyEnglish Article Scopus 2-s2.0-84920531613
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Total combined number of EU studies on sources, receptors or control 
measures for each DCL , E2  and EE2  from 1995-May 2015, by year
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Number of EU studies on at least one of the three pharmaceuticals of interest 
(DCL, E2 or EE2) investigating: sources of contamination, monitoring data or 

techniques , or control measures, from 1995-May 2015, by year
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Total number of EU studies on each pharmaceutical of interest investigating 
sources, of contamination, monitoring data or techniques, or control measures, 

from 1995-May 2015. 
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Number of studies on three CECs (DCL, E2 and/or EE2) published in the EU from 
1995-May 2015 broken down by type of study: field, laboratory scale, WWTP, 
modelling  and review. 

0

10

20

30

40

50

60

70

1995 2000 2005 2010 2015

N
u
m

b
e
r 

o
f 

E
U

 s
tu

d
ie

s
 p

u
b
lis

h
e
d

Field Lab WWTP Modelling Review



EU country research outputs 
on DCL, E2 and/or EE2

Country Total number (%) of Studies

Spain 285   (19.2)

Germany 243   (16.3)

United Kingdom 179   (12.0)

France 93   (6.3)

Switzerland 87   (5.8)

Italy 84   (5.7)

The Netherlands 57   (3.8)

Sweden 51   (3.4)

Portugal 50   (3.4)

Greece 43  (2.9)

Belgium 42  (2.8)

Denmark 37  (2.5)

Poland 37 (2.5)

Czech Republic 26  (1.7)

Austria 24  (1.6)

Finland 23  (1.5)

Norway 21  (1.4)

Slovenia 21  (1.4)

Turkey 19  1.3)

Ireland 17  (1.2)

Cyprus 14  (0.9)

Hungary 11  (0.7)

Romania 7  (0.5)

Luxembourg 6  (0.4)

Croatia 3  (0.2)

Slovakia 3  (0.2)

Bulgaria 2  0.1)

Estonia 2  (0.1)

Northern Ireland 2   (0.1)

Lithuania 1  (0.06)

Latvia 0  (0)

Malta 0  (0) 

FINDINGS FROM EU-WIDE STUDIES 
OVER 20 YEAR PERIOD USED TO 
SUPPORT RA MODEL DEVELOPMENT

WHY DO BIBLIOGRAPHIC ANALYSIS AND 
SYSTEMIC REVIEW? 

IDENTIFY GAPS IN KNOWLEDGE
MAJOR BOTTLENECKS 
-ACCESSING DATA FROM HEALTH 
BOARDS, PHARMACEUTICAL 
COMPANIES
-REPITATION AND QUALITY OF DATA –
NO SHARED REPOSITORY (ICT – BIG 
DATA) = NATIONAL/EU-WIDE



Some observations – from 20 year bibliographic analysis and review
• European surface water concentrations of DCL are typically reported below the 

proposed annual average environmental quality standard (AA EQS) of 100 ng/l, but 
that exceedances frequently occur. 

• E2 and EE2 surface water concentrations are typically below 50 ng/l and 10 ng/l 
respectively, but these values greatly exceed the proposed AA EQS values for these 
compounds (0.04 and 0.035 ng/l respectively). However, levels of these CECs are 
frequently reported to be disproportionately high in EU receiving waters, particularly 
in effluents at control points that require urgent attention. 

• Overall it was found that DCL and EE2 enter European aquatic environment mainly 
following human consumption and excretion of therapeutic drugs, and by incomplete 
removal from influent at urban wastewater treatment plants (WWTPs). 

• Current conventional analytical chemistry methods are sufficiently sensitive for the 
detection and quantification of DCL but not for E2 and EE2, thus alternative, ultra-
trace, time-integrated monitoring techniques such as passive sampling are needed to 
inform water quality for these estrogens. 

• DCL appears resistant to conventional wastewater treatment while E2 and EE2 have 
high removal efficiencies that occurs through biodegradation or sorption to organic 
matter. 



GIS mapping of DCL, E2 and EE2 occurrence in Irish 
Receiving Waters
• Date water samples were taken including day, month and  year

• Type of study measuring concentration for DCL, E2, EE2 or estradiols equivalents (EEQ)

• Method of sampling (grab, passive) + Matrix studied (marine water,lake water, ground, effluent etc)

• GPS coordinates for sampling location identified both in WGS84 and Irish National Grid using 
publications or reverting to author

• Location of WWTPs – via EPA via primary discharge licence

• Concentration (ng/L recorded) for each sampling event

• If multiple samples taken at same location then each sampling event recorded separately 

• Two aspects of data mapped – distribution of sampling events and concentration of each compound at 
location 

• In order to map sampling events – data divided into 1999-2004, 2005-2009, 2010-2014

• Data mapped using ArcGIS Desktop software – a geodatabase was created with sampling data from 
previous publications were read into ArcMap as .csv tables and exported as shapefiles for full 
functionality

• Data on human population distribution were downloaded from Central Statistics Office “StatBank
Ireland” including country boundaries, city locations, population density

• EPA’s Geo Portal utilised for river basin catchments, WFD river basin districts, WWTP locations and 
attribute data, and WFD protected areas



Summary of national 
monitoring distribution and 
frequency for: 
diclofenac (blue triangles), 
E2 (red squares), 
EE2 (green diamonds), 
estradiols equivalents (purple
pentagons) in Ireland from 
1999-2014. 

Symbol size increases with 
increasing number of 
samples taken at each 
location. 



Highest recorded 
concentrations (ng/l) of EE2 
at each sampling site where 
concentration monitoring 
data were collected. Relative 
concentration values are 
indicated by the symbol 
colour, where low 
concentrations are indicated 
by greens and high by reds. 
Zero values represent no 
detects. 

EXAMPLE



Distribution of urban 
wastewater treatment plants 
(UWWTPs) with existing 
monitoring data on diclofenac, 
EE2 and/or estradiol
equivalents (EEQ). 

WWTP name County Catchment WFD river basin

district
Size (PE)

Type of secondary treatment

(final)

Carlow Carlow Barrow South-eastern 39043 Extended Aeration

Ballincollig Cork Lee South-western 27697 Extended Aeration

Fermoy Cork Blackwater South-western 18608 CAS

Ringsend Dublin Coastal Eastern 2124000 Sequence Batch Reactor

Swords Fingal

Broad Meadow

Water Eastern 77014 Extended Aeration

Galway Galway Coastal Western 213424 CAS

Killarney Kerry Laune South-western 41836 CAS

Tralee Kerry Coastal Shannon 35149 CAS

Leixlip Kildare Liffey Eastern 100309 CAS

Osberstown Kildare Liffey Eastern 104723 Sequence Batch Reactor

Kilkenny Kilkenny Nore South-eastern 51988 CAS

Longford Longford

Shannon

Upper Shannon 11672 CAS

Tullamore Offaly Shannon Lower Shannon 24055 CAS

Roscommon Roscommon

Shannon

Upper Shannon 6989 CAS

Clonmel Tipperary Suir South-eastern 34909 Extended Aeration

Athlone Westmeath

Shannon

Upper Shannon 21155 Extended Aeration

McGee, C., Brougham, J., Roche, J., Fogarty, A. (2012). First report of intersex roach residing in Irish rivers downstream of
several wastewater treatment plants. Royal Irish Academy, Vol 112B, No. 1, pp 69-77.



Pilot tertiary treatment facility at WWTP - Ireland

Hayes, J., Kirf, D., Garvey, M., Rowan, N. (2013). Disinfection and toxicological assessments of pulsed-plasma gas-discharge and pulsed UV light

treated water containing the waterborne enteroparasite Cryptosporidium parvum. Journal of Microbiological Methods (94); 325-337.

Barrett, M., Fitzhenry, K., O’Flaherty, V., Dore, W., Rowan, N., Clifford, E. (2016). Detection, fate and inactivation of pathogenic norovirus

employing settlement and UV treatment in wastewater treatment facilities. Science of the Total Environment. [Oct 15; 568:1026-36.

doi:10.1016/j.scitotenv.2016.06.067.



Heat map representing the total volume (kg) of EE2 dispensed (not prescription) in each 
LHO according to HSE records from three reimbursement schemes; the General Medical 
Services (GMS), the Drug Payment scheme (DP) and the Long Term Illnesses (LTI) scheme

2009 2012



Heat map representing the total volume (kg) of DICLOFENAC dispensed in each LHO, according to HSE 
records from three reimbursement schemes

GOOD AGREEMENT WITH MONITORED HIGH OCCURRENCES OF DCL AND LHO LOCATIONS OF HIGH DISPENSING DRUG DATA

2009 2012



SEMI-QUANTIATIVE RISK ASSESSMENT MODEL 
–

SPECIFIC FOR THREE WATCH LIST 
PHARMACEUTICAL COMPOUNDS in IRELAND 

USING WWTPs as CRITICAL CONTROL 
ASSESSMENT POINTS



RA Model Development

• Model was designed following risk screening guidelines of Section 10, 
Drinking Water Safety Plans (EPA Handbook on the implementation of the 
Regulation for Water Service Authorities for Public Supplies (2010)

• Risk Screening Methodology for Cryptosporidium was adapted to 
consider risk factors specific for discharge of PhACs of interest

• General principles of RA model align with EPA-sanctioned risk screen 
methodology, for example, it uses the Source-Pathway-Receptor (SPR) 
concept to define relevant input parameters

• Scoring system was employed enabling determination of each WWTP as 
low, medium or high risk

• RA model involves calculating risk score for four main input parameters 
using data for DCL, E2 and EE2 for 16 WWTPs (varying sizes and 
distributed evenly) with cumulative (additive) risk designated as low, 
medium or high



RISK ASSESSMENT (Phase 1)

Risk:

Probability of the occurrence of, and 
magnitude of the consequence of, and 
unwanted adverse effect on a receptor

Risk Assessment:

Process of establishing, to the extent 
possible, the existence, nature and 
significance of risk

KEY CONCEPTS to RISK ASSESSMENT

Conceptual Model

Text/schematic hypothesis of the nature 
and sources of contamination, potential 
migration pathways (including 
description of the ground and 
groundwater) and potential receptors, 
developed on the basis of information 
from the phase 1 investigation and 
defined during subsequent phases of 
investigation

Source – Pathway - Receptor

from BS10175; 2001 



Total WWTP Risk Score for a pharmaceutical

Input 1 score (source of influent)

Input 2 score (removal due to treatment)

Input 3 score (chemical properties of PhAC)

Input 4 score (fate of effluent)

Total Risk Score



Factor Source factor description Risk

Score

Actual

Score

1- Agglomeration generated load (AGL)

[size of population serviced by each WWTP – useful

indicator of PhAC emissions as organic biodegradable

load of a WWTP expressed in population equivalents

(PE) – obtained from EPA

PE served <500 1

PE served 501-5000 2

PE served 5001-20,000 3

PE served 20,001-50,000 4

PE served > 50,001 5

2- Domestic septic tank sludge/effluent received? No 0

Yes 1

3- Industrial sludge/effluent received?

{Also considers hospital effluent}

No 0

Yes 1

4- Gender ratio in county, women:men

[CSO – 2011 Census)

≤ 1 0

> 1 1

5- Cattle score (particularly dairy)

[livestock numbers via CSO StatBank online – spatial

resolution to regional authority divided by total land area}

No cattle/calves in region 0

≤ 80 livestock unit per ha forage area in region 2

> 80 livestock unit per ha forage area in region 3

6-Sheep score No sheep/lambs in region 0

≤ 70 livestock unit per ha forage area in region 1

> 70 livestock unit per ha forage area in region 2

7- Pig score No pigs in county 0

≤ 20 livestock unit per ha forage area in region 1

> 20 livestock unit per ha forage area in region 2

Total for Input 1

1 Source of influent factors used in risk assessment model to calculate input one risk score. White indicates factor considered for all 3 compounds, 
light grey indicates factor considered only for E2 and EE2, dark grey indicates parameter considered only for E2. The colour of the risk score indicates 
whether there is increased risk (positive values, red), no impact on risk (zero values, blue) or decreased risk (negative values, green). 

***Missing drug utilisation or prescription data as important factor – yet to be incorporated***



2. Removal due to treatment

Factor Treatment factor description Risk

Score

Actual

Score

1- Tertiary treatment

(extracted EPA – AERs 2014) = mostly UV

Present year round -4

Implemented seasonally (e,g. bathing season -2

Absent year round 0

2- Type of secondary treatment (including nutrient removal)

(extracted EPA AER 2015}

Extended aeration (N removal) [25.7% of WW load in PE] -2

Sequence batch reactor (with or without P removal) 0

Conventional activated sludge (with or without P removal) 0

3- WWTP quality measurement

[BOD, COD, TSS and where applicable, N and P]

Pass most recent UWWTD compliance criteria 0

Fail most recent UWWTD compliance criteria 1

4- Monitoring data

[Monitoring DCL, E2, EE2 not legally required, yet for WFD

compliance – this relates to independent research data

measured at WWTPs in Ireland and findings shown]

Monitoring data demonstrate effluent levels below WFD

limits or best-published PNEC values

-3

No monitoring data available 0

Monitoring data demonstrate effluent levels above WFD

limits or best-published PNEC values

3

Total for Input 2

Treatment, operation and management factors used in risk assessment model to calculate input two risk score. The 
colour of the risk score indicates whether there is increased risk (positive values, red), no impact on risk (zero values, 
blue) or decreased risk (negative values, green)



Factor Chemical properties factor description Risk

Score

Actual

Score

1- Metabolism

[Rate of excretion, combined with drug usage data, will inform how

much drug ends up in wastewater –rates determined from literature for

DCL, E2, EE2}

Rate of excretion 0-25% 1

Rate of excretion 26-50% 2

Rate of excretion 51-75% 3

Rate of excretion 76-100% 4

2- Sorption potential to sludge

Liklihood correlated to physciochemical parameters:

[octanol-water partition coefficient – Kow) or d-octanol-water partition

coefficient –Dow; or experimentally determined water-distribution

coefficient – Kd value}

Low water solubility/high hydrophobicity, functional group polarity, ion

exchange, chelation to other compounds….identified through Kow, Dow,

and Kd values, and reports from literature

1

High water solubility/low hydrophobicity, functional group polarity, ion

exchange, chelation to other compounds…identified through Kow, Dow,

and Kd values, and reports from literature

4

3- Degradation potential High degradation through photolysis, hydrolysis or other mechanisms,

identified through compound half-life in the environment and reports

from literature

1

Low degradation through photolysis, hydrolysis or other mechanisms,

identified through compound half-life in the environment and reports

from literature

3

4-Potenital for deconjugation of conjugated metabolites during

treatment

Not found to occur in the literature 0

Low potential, identified through literature 1

High potential, identified through literature 2

Total for input 3

***missing compound specific or group toxicity unit***picked up via ICRAPHE 2016 presentations

3. Chemical properties of PhAC



Factor Fate factor description Risk

Score

Actual

Score

1- Type of receiving water Coastal 1

Transitional/Estuary/River/Lake 2

Stream 3

Ground 4

2- Proximity to sensitive area

[Identified in 2001 and 2010 Urban WWT regulations

– 2015 EPA AERs]

Primary discharge location not at/near sensitive area 0

Primary discharge location at/near sensitive area 1

3- Flow of receiving water

{hydrometric monitoring station closest to WWTP the

95% percentile flow (m3/s) obtained from Water Data

Unit of EPA}

High (>10 m3/s) 1

Medium (1-10 m3/s) 2

Low (<1 m3/s) 3

Total for Input 4

Fate of treated effluent factors used in risk assessment model to calculate input four risk score. The colour of the 
risk score indicates whether there is increased risk (positive values, red), no impact on risk (zero values, blue) or 
decreased risk (negative values, green). 

4. Fate of Effluent



Factor scoring for each PhAC of interest for risk assessment model, input three. Final score 
assigned in model for each factor is in colour and in bold, followed by references used to 
determine the score

PhAC Metabolism Sorption Degradation Conjugation

Diclofenac 3

(Davies & Anderson,

1997)

Reviewed in (Vieno &

Sillanpää, 2014; Zhang et

al, 2008)

4

(Martín et al, 2012; Patrolecco et

al, 2015; Radjenović et al, 2009;

Suárez et al, 2012; Ternes et al,

2004)

Reviewed in Vieno and Sillanpää

(2014)

3

(Joss et al, 2005; Joss et al,

2006; Quintana et al, 2005)

Reviewed in (Vieno & Sillanpää,

2014)

2

(Clara et al, 2005b;

Lacey et al, 2012)

17-beta-estradiol (E2) 2

(Adlercreutz et al, 1986;

D'Ascenzo et al, 2003; de

Mes et al, 2005)

1

(Ben Fredj et al, 2015; Carballa et

al, 2008; Ternes, 2006)

1

(Abargues Llamas et al, 2012b;

Alvarino et al, 2014; Petrie et al,

2014; Suárez et al, 2008)

0

(Johnson et al,

2000)

17-alpha-

ethinylestradiol (EE2)

2

(de Mes et al, 2005; Reed

et al, 1972)

1

(Ben Fredj et al, 2015; Martín et

al, 2012; Ternes, 2006)

2

(Abargues Llamas et al, 2012b;

Alvarino et al, 2014; Petrie et al,

2014; Suárez et al, 2008)

0

(Johnson et al,

2000)



Summary statistics of cumulative (final) risk scores assigned during the 

case study to the 16 WWTPs included for analysis by the risk 

assessment model for diclofenac, E2 and EE2. 

Summary

statistic

Diclofenac E2 EE2

Maximum 27 26 21

Minimum 17 17 12

Mean 21.94 22.13 17.06

Median 22 22 16.5

Mode 23 21 16

Standard

Deviation

2.72 2.85 2.67 Diclofenac E2 EE2
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DICLOFENAC

WWTP Name Input 1

(source of

influent)

Input 2

(removal

during

treatment)

Input 3

(chemical

properties

of

compounds

)

Input 4

(fate of

treated

effluent) Total

Carlow 5 -2 12 5 20

Ballincollig 5 -2 12 4 19

Fermoy 5 0 12 5 22

Ringsend 6 2 12 3 23

Swords 5 1 12 3 21

Galway 6 3 12 2 23

Killarney 6 0 12 5 23

Tralee 6 -4 12 3 17

Leixlip 7 3 12 5 27

Osberstown 7 3 12 5 27

Kilkenny 7 0 12 5 24

Longford 5 0 12 6 23

Tullamore 4 0 12 6 22

Roscommon 3 0 12 6 21

Clonmel 6 -2 12 4 20

Athlone 5 -2 12 4 19

E2

WWTP Name

Input 1

(source of

influent)

Input 2

(removal

during

treatment)

Input 3

(chemical

properties

of

compounds

)

Input 4

(fate of

treated

effluent) Total

Carlow 12 1 4 5 22

Ballincollig 12 1 4 4 21

Fermoy 12 3 4 5 24

Ringsend 13 1 4 3 21

Swords 12 -2 4 3 17

Galway 11 0 4 2 17

Killarney 13 3 4 5 25

Tralee 13 -1 4 3 19

Leixlip 14 3 4 5 26

Osberstown 14 2 4 5 25

Kilkenny 14 3 4 5 26

Longford 11 3 4 6 24

Tullamore 10 3 4 6 23

Roscommon 8 3 4 6 21

Clonmel 13 1 4 4 22

Athlone 12 1 4 4 21

EE2

WWTP Name

Input 1

(source of

influent)

Input 2

(removal

during

treatment)

Input 3

(chemical

properties

of

compounds)

Input 4

(fate of

treated

effluent) Total

Carlow 5 1 5 5 16

Ballincollig 6 1 5 4 16

Fermoy 6 3 5 5 19

Ringsend 7 1 5 3 16

Swords 6 -2 5 3 12

Galway 6 0 5 2 13

Killarney 7 3 5 5 20

Tralee 7 -1 5 3 14

Leixlip 8 3 5 5 21

Osberstown 8 2 5 5 20

Kilkenny 7 3 5 5 20

Longford 5 3 5 6 19

Tullamore 4 3 5 6 18

Roscommon 3 3 5 6 17

Clonmel 6 1 5 4 16

Athlone 6 1 5 4 16



Results of case study evaluating 16 Irish WWTP using the developed risk assessment model for 
diclofenac, E2 and EE2

Diclofenac E2 EE2

WWTP

Name

Risk

Classification

WWTP

Name

Risk

Classification

WWTP

Name

Risk

Classification

Leixlip High Leixlip Medium Leixlip Medium

Osberstown High Kilkenny Medium Kilkenny Medium

Kilkenny High Osberstown Medium Osberstown Medium

Killarney High Killarney Medium Killarney Medium

Longford High Longford Medium Longford Medium

Ringsend High Fermoy Medium Fermoy Medium

Galway High Tullamore Medium Tullamore Medium

Fermoy High Carlow Medium Roscommon Medium

Tullamore High Clonmel Medium Carlow Medium

Roscommon Medium Ringsend Medium Clonmel Medium

Swords Medium Roscommon Medium Ringsend Medium

Carlow Medium Athlone Medium Athlone Medium

Clonmel Medium Ballincollig Medium Ballincollig Medium

Athlone Medium Tralee Medium Tralee Medium

Ballincollig Medium Galway Medium Galway Medium

Tralee Medium Swords Medium Swords Medium

WWTPS are ranked for each PhAC from highest-lowest risk, based on the cumulative (total) risk scores 
assigned by the model. A colour change indicates a decrease in the cumulative risk score (red = higher risk 
 green = lower risk), and WWTPs that share the same colour had the same final score, and thus are 
ranked equally. 



Cumulative (total) risk scores for each of the 16 WWTPs included in the case study, assigned via 
the risk assessment model for diclofenac (blue bars), E2 (red bars) and EE2 (green bars). 
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Recommendations/Policy Implications for Ireland
Advocate for acceptability of integrative monitoring methods for WFD reporting (short term, EPA and 

governmental departments)

Currently, the proposed WFD AA EQSs for E2 and EE2 are lower than most limits of detection for 
standard chemical analyses

Given positive results and outcomes from studies that utilise effect-based (biological) monitoring, 
passing sampling or an integrated monitoring approaches, advocate the acceptance of these types of 
methodologies for substance reporting. 

Continue funding Irish projects on emerging/established pollutants (short-term, EPA)

EPA-funded research is currently the only significant source of aquatic monitoring data for watch-list 
substances in Ireland to expand for other substances/groups of substances in aquatic and other 
environmental matrices (sludge, sediment, biota)

Develop and extend the semi-quantitative RA model created during this project (short term, EPA)

Additional model development needed to augment predictive ability and robustness, and to increase 
significance and accuracy of its conclusions

Consider alignment with other European RA models for future development

Future studies to include a combination of field-based monitoring of PhAC concentrations in influent, 
effluent and receiving waters (for model validation)



Recommendations/Policy Implications for Ireland

Identify sources and improve availability of PhAC data (short term, EPA)

Project identified sources of national PhAC (usage) consumption data quickly, but 
experienced delays with data acquisition

More data should be collected on prescriptions written and dispensed by public and 
private health agencies in Ireland

Such data should be made available to researchers in Ireland

Find means to hurdle the unavailability of commercially-sensitive data such as PhAC
sales/production information

Consider more than just the parent compound (short term, future research)

In order to truly understand the occurrence and resulting environmental impact of 
PhACs in aquatic matrices, there is a need to measure metabolites, conjugates and 
transformation products



Recommendations/Policy Implications for Ireland
Institute change to the regulation of pharmaceutical products (long term, departments 

and agencies
Currently, pharmaceutical companies do not consider the environmental persistence or recalcitrance 

of the compounds they produce

We recommend changes to policy be considered, both nationally and internationally. 

Before a product is approved for market, some toxicity testing is typically required, but there is a 
scenario or mechanism in which the human benefits that come form consumption of PhAC could be 
outweighed by negative environmental impacts

At minimum, we recommend that, in addition to toxicity testing, basic evaluations of the 
environmental persistence of compounds be required in order to bring a new substance to market

In long term, it may be advisable for Ras of PhACs to include environmental risk and persistence and 
not just the risk to the consumer of the product
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