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Executive Summary  

1.4 Project background  
The project LIFE PharmDegrade - "Degradation of pharmaceuticals in wastewater from 
nursing homes and hospitals", took place between September 2014 and November 2016. 
The primary focus of the project were drug residues in sewage, which are used in human 
medicine. 
With the development of medicine and pharmacy, new drugs come to the market each year 
to be used in human and veterinary medicine. At the same time, the use of drugs per capita 
is increasing in the developed world due to the ageing of the population. The use is also 
increasing in the rest of the world with the growth of the population and human standard. 
All consumed medicines are being excreted from the body in the same or metabolised form 
and released into the sewage. Often, unused drugs are also improperly discarded into the 
sewage.  
With the development and improvement of analytical techniques, more and more drugs 
residues are being detected in natural waters and increased concentrations in outflows from 
wastewater treatment plants (WWTP). The existing biological WWTP, which are the most 
commonly used wastewater (WW) treatment technologies, were namely not designed with 
the purpose to remove complex and biologically hardly degradable molecules. The 
pharmaceuticals are usually present in WW in very low concentrations (Nano grammes to 
micro grammes per litre). However, even in small levels, they may represent a hazard to the 
environment and human health. More and more reports namely show a correlation between 
the presence of drug residues in the environment and the adverse effects on animals and 
humans because of their toxicity (endocrine disruptors), persistence and bioaccumulation, as 
well as because of their responsibility of the increased resistance of microorganisms. 
Together with personal care products, pharmaceuticals are considered as micro-pollutants, 
which are recently recognised as a concerning environmental pollution problem. Thus, it 
remains an open question how to reduce their negative impact. In addition to the rational 
use and proper disposal of unused drugs, an effective treatment of wastewater is still of 
great importance. 

1.5 Project objectives and key activities  
The primary goal of the project was a construction of a pilot plant and evaluation of its 
efficiency in the reduction to pharmaceuticals. The pilot plant contains in the final steps of 
the sewage treatment an additional treatment unit, based on advanced electrochemical 
oxidation (AOP) principle. The chosen AOP was electrochemical oxidation in an electrolytic 
cell, equipped with boron-doped diamond (BDD) electrodes. The demonstration of WW 
treatment took place beside an existing WWTP, with a sewage connection from a local 
hospital. With the monitoring of the pilot plant operation, improvement of the WWTP 
discharge has been confirmed, resulting in protection of the natural environment against 
pharmaceuticals, which was the primary project objective.  
In addition to the demonstration of the WWT in the innovative pilot plant, a survey on 
occurrence of pharmaceutical residues in different WWs sources (hospitals, nursing homes 
and WW from households) has been carried out with the aim to evaluate their qualitative 
and quantitative contribution, as well as to find and choose an appropriate place of pilot 
plant construction. With expected new findings on the occurrence of pharmaceuticals and 
their concentrations in WW from different sources, the project aim was also to contribute 
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new insights for the development of EU legislation in the field of prevention of further 
entrance of pharmaceuticals into the environment.  
To appropriately evaluate the quality and quantity of pharmaceuticals in complex WW 
matrices, sample preparation procedures and analytical methods have been developed and 
optimised during and mostly at the beginning part of the project.  
Several dissemination activities have been performed during the project with the national 
and international presentation of the project results to promote advanced oxidation 
processes (AOP) for the treatment of the persistent substances and improved analytical 
procedures. 
To optimise the design and operation of the pilot plant, preparatory laboratory activities 
have been carried out. Within the development phase, different electrode materials and 
operation protocols in electrolytic cells were tested, as well as the development of 
electrolytic cell itself regarding its power supply modes and cell mechanical design. The 
project results in treatment efficiency and operation costs were compared with other 
technological solutions used in the final WW treatment stages. All these activities were 
carried out with an aim to contribute to the new knowledge on best available technologies, 
not only for the removal of pharmaceuticals but also for other persistent pollutants. 

1.6 Expected project results with key deliverables and outputs 
achieved 

1. Expected result - Increased insight into the quality of the effluent water after the 
treatment on conventional WWTP from the institutions with increased use of 
pharmaceuticals, with special emphasis on monitoring the quantity and types of represented 
pharmaceuticals and their metabolites. 
Key deliverables and outputs – For the project purpose, water was sampled on 7 locations 
in different time periods. Eleven pharmaceuticals have been identified, and ten of them 
selected for further monitoring during the project pilot demonstration activities 
(atorvastatin, bisoprolol, ciprofloxacin, diclofenac, fluoxetine, imatinib, carbamazepine, 
clofibric acid, metoprolol, sertraline). In the additional analysis (carried out outside the 
project frames in Slovenia), more than 111 different pharmacologically active substances 
have been detected, and 35 % of them were found in all samples in µg/L concentrations. All 
mentioned significantly increased the insight into the problematics, showing that not only 
centres with increased use of pharmaceuticals, but also municipal WWTP are important 
contributors of pharmaceutical release into the environment. 
2. Expected result - Contribution to the improvement of knowledge in the area of 
occurrence and interactions of pharmaceuticals in wastewaters and thus contribution to the 
development of standards and legislation in the field of so-called emerging pollutants. 
Key deliverables and outputs – A/ In the project we optimised sample preparation 
techniques and analytical method for complex wastewater matrices. The approach offers 
high selectivity for simultaneous quantification of multiple drug residues with low limits of 
quantification (ppt-ppb levels), wide dynamic range, high accuracy and precision and high 
recovery with low matrix effects. The validated LC-MS/MS analytical method represents a 
useful platform for routine monitoring of emerging pharmaceutical pollutants in wastewater 
and provides reliable data for eco-toxicological studies with the final goal to control and 
protect the environment.  
B/ Research in Slovenia has shown, that also pharmaceuticals that were not listed on the EU 
“Watch List” are relevant micropollutants, like ciprofloxacin. 
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The improved analytical approach and obtained analytical results from (waste)water 
samples in Slovenia contribute to the newly established EU Watch List database on priority 
substances in terms of offering optimised analytical approaches and data on 
pharmaceuticals that could be potentially added to the Watch List (Directive 2013/39/EC, 
which complements the Directive 2000/60/EC in 2008/105/EC; decision on establishment of 
Watch list). 
3. Expected result - Development and demonstration of the power-control system and 
several electrolytic cells (BDDA, graphite, MMO). 
Key deliverables and outputs - Two new power control systems have been developed within 
the project, for the power supply of the laboratory scale electrolytic cell and the pilot plant 
electrolytic cells. The power supply unique feature is the capability to supply current 
individually to each electrolytic cell in the system and to maintain an adjustable constant 
electric current, irrespective of the changes in the conductivity of the treated media. 
Another unique developed feature is the capability of an automatic prevention of deposit 
formation on the electrodes´ surfaces by changing the polarity of the voltage between 
electrodes in the pre-set period and current surges, which maintain the electrode efficiency 
and also protects the electrodes against physical damages.  
The electrolytic cell has undergone several changes in design, resulting in an optimised flow 
through the cell (avoiding preferential flows) and outer housing enabling better contacts and 
simple maintenance. 
4. Expected result - Acquisition of knowledge and improvement of the comprehensive 
solution for the design and operation of a new treatment system - setting up a modular 
approach, which includes biological, physical and electrochemical systems capable of 
removing specific pollutants. 
Key deliverables and outputs - The pilot plant has been installed in an above ground 
modular container installation. The system contains biological WWTP (small municipal 
wastewater treatment plant with dispersed biomass), physical treatment systems (sand and 
activated carbon filters), electrochemical treatment system with electrolytic cells installed 
parallel and automatic system control. Several reservoirs serve for the performance of 
different treatment protocols, depending on the WW characteristics and loads. The modular 
approach enables a simple upgrade of the plant with additional treatment solutions, 
upgrade to a larger scale treatment and its transfer to another location needing treatment. 
5. Expected result - Up to 90% removal efficiency of selected pharmaceuticals 
(biological part of the plant and the electrochemical cell). 
Key deliverables and outputs - Up to 90% of reduction of the concentration of 
pharmaceuticals after treatment have been achieved. 
6. Expected result - Establishing a platform for daily reporting of measured parameters 
and the results of the technology on the project website during the operation of our 
technology and after the completion of the project. 
Key deliverables and outputs - An SCADA (Supervisory Control and Data Acquisition) 
platform for on-line tracking of measured data and remote operation of the pilot plant has 
been established. All the recorded data are stored in the local SQL database for further 
analysis. The operator of the pilot plant has access to the Graphical User Interface of the 
SCADA.  
7. Expected result - Development and demonstration of cost-effective technology with 
low operating and maintenance costs, which will apply to all nursing homes and hospitals, as 
well as the development of an effective protocol for efficient wastewater treatment with 
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persistent substances for other end-users. 
Key deliverables and outputs - Our surveys and literature review on the presence of 
pharmaceuticals in WW have shown that it is important to treat hospital WW close to their 
source as well as municipal wastewater. The concentration of certain pharmaceuticals, 
diagnostic agents and disinfectants are namely considerably higher in hospital WW 
compared to municipal WW. Due to the treatment of many diseases at home and much 
larger contribution load of households compared to hospitals, additional treatment of 
municipal WW should be considered as well and limit values on pharmaceuticals included 
into legislation (or set consent on removal goals in %). Our calculations showed that the 
fourth stage of WWT using electrochemical oxidation would cost 0.17 – 0.23 €/m3 at 
municipal WWTP for 20.000 Population Equivalents with treatment goals of 80% to >90% 
pharmaceuticals removal, respectively. This is within the range of the costs (0.18 – 0.29 
€/m3) of the fourth stage of WWT using ozonation or activated carbon for the same size of 
WWTP with the same treatment goals. The non-selectivity of produced hydroxyl radicals in 
electrochemical oxidation shows potential for degradation of all organic substances, 
including those listed among the priority substances. Its upgrade to full-scale demonstration 
plant would be a reasonable next step of the activities. 
8. Expected result - Published results of the project in various media (at least two 
papers in scientific journals, at least three presentations at conferences and fairs, at least 
three publications in the media, two events organised in the form of workshops and public 
presentations). 
Key deliverables and outputs - The dissemination goals have been achieved: 4 published 
papers in scientific and professional journals; 36 presentations at conferences; 5  notices in 
media; 1 short film clip of the project; 1 exhibition of the project at the Ministry of the 
environment and spatial planning of the Republic of Slovenia; 2,141 detected visits of the 
web page in the last 9 months of the project; regular updates on the web page and social 
media (Linked In, Research Gate); 1 organised visit of the pilot plant – open day; organised 2-
day closure conference. 
9. Expected result - Demonstrated interest for the application of our technology at 
home and abroad, and thus a faster market penetration. 
Key deliverables and outputs - Participants of the final conference organised by the end of 
the project, expressed a clear interest in the technology. Besides the visit from 10 Slovenian 
faculties and institutes, Ministry of the Environment and Spatial Planning, there were 
representatives from 11 different companies (pharmaceutical industry, municipal 
companies, wastewater treatment plants, hospital, technologies for the protection of the 
environment). Concerning wastewater treatment, further discussions will be made with 
interested municipal WWTP and representatives from industry. 
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2 Introduction 

2.1 Description of background, problems and objectives  

2.1.1 Environmental problem/issue addressed 

With growing use of different chemicals and their release into the environment, increasing 
number of reports can be found on alterations in human and animal fertility and other 
negative environmental and health effects, which could be attributed to the toxicity of these 
compounds. The interdependency between toxic effects and presence of these compounds 
in the environment has been proven. The important part represents residuals of medical 
drugs. The conventional biological wastewater treatment plants are not efficient in their 
degradation and are therefore an important source of their release into the environment.  

2.1.2 Hypothesis to be demonstrated/verified by the project 

The main hypothesis was that the highest concentration of these compounds is found in the 
outflows from hospitals and nursery homes due to increased use of medicines. In the 
project, we planned to verify whether we would substantially reduce the concentration of 
these compounds and therefore improve the quality of the treated water with the use of 
advanced oxidation processes, like electrochemical oxidation in the electrolytic cell is, 
locating it at the end of the biological WW treatment process.  

2.1.3 Description of the technical/methodological solution 

The advanced oxidation process used in the treatment was anode electrochemical oxidation. 
For this purpose, electrolytic cell was used, equipped with boron-doped diamond (BDD) 
electrodes (during the test period also other electrode materials have been tested). BDD 
electrodes have a very high capacity of formation of hydroxyl radicals (HO•) directly from 
water when an electric current is applied. Hydroxyl radicals are one of the most efficient 
oxidants and are capable of degradation of practically all known organic compounds and 
microorganisms. They are therefore highly applicable to the processes of the removal of 
hardly degradable pollutants from water, as some pharmaceuticals are.  

2.1.4 Expected results and environmental benefits 

We expected that our proposed technology would be highly effective for the removal of 
pharmaceuticals from treated WW and offer a cost effective WW treatment technology also 
for other specific hardly degradable pollutants. This would result in reduced environmental 
burden of released pharmaceutical residues, which use for medical purposes is increasing. 
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2.2 Expected longer term results (as anticipated at the start of the 
project) 

2.2.1 Future contribution to the implementation, updating and development 
of the European Union environmental policy and legislation, including 
the integration of the environment into other policies 

The systemic control of pharmaceuticals in waters is still unregulated in the EU. In 2012 a 
European Commission's proposal was issued to add additional 15 substances to the list of 
priority substances, including three pharmaceuticals. Before the project application in 2013, 
there were no other changes in water policy legislation concerning pharmaceuticals. It was 
supposed that project findings could contribute to the development of the legislation in the 
field of water and wastewater policy, as well as in legislation concerning release of new 
drugs on the market. The latter case concerns the assessment of the effects of drug residues 
in the environment after their use for medicinal purposes.  

2.2.2 Replicability and transferability of demonstrated technology 

In the proposal, we predicted that the pilot testing activities would give us additional insight 
concerning the suitability of placement of electrochemical oxidation as pre-treatment step – 
improving biodegradability, or as a final treatment step in combination with other advanced 
treatment approaches. An important aspect of evaluating was also the assessment of the 
suitability of installing electrochemical oxidation on small sources of WW with expected 
elevated levels e.g. pharmaceuticals or on central WWTP, which can be replicable in all EU 
regions.  
The transferability of the proposed technology was predicted in the field of other sources of 
persistent xenobiotic substances.  Besides treatment of WW, the technology shows high 
potentials also in water disinfection for drinking purposes or irrigation of plants, in the 
conditioning of water for the use in industrial processes (food industry, pharmacy), in 
disinfection of swimming pool water. From the LIFE Stop CyanoBloom project, a high 
potential of electrochemical oxidation is seen in the control of algae and cyanobacteria in 
natural lake water, drinking water reservoirs and aquaculture.  

2.2.3 Market strategy and economic feasibility 

In the project proposal, we anticipated that we would gain interest for the application of the 
technology after demonstrating its efficiency and evaluated feasibility.  
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3 Technical part 

3.1 Technical progress, per task 

3.1.1 A1 Preparatory actions 

Description of undertaken activities 

The preparatory actions were composed of five phases: 
Phase 1: Selection of three institutions for the installation of a pilot plant 
Phase 2: Data collection from at least three selected institutions 
Phase 3: Feasibility tests 
Phase 4: Outline plans for the installation of the pilot plant with electrolytic cell for three 
potential locations 
Phase 5: Decision on the site selection  
In the first Phase, we have visited several nursing homes and hospitals, made interviews 
with the managers and gather data on their sanitation system. The second Phase was 
dedicated to the optimisation of the laboratory analytical methods for the detection and 
quantification of pharmaceuticals, analysis of pharmaceuticals in the wastewaters of the 
selected institutions and obtainment of the list of the prescribed medicaments in these 
institutions. A development of an analytical method for pharmaceuticals emerging in 
wastewater in nano to micro gramme per litre concentrations was a demanding procedure 
due to the heavy matrix background. The laboratory activities accomplished by FFA in this 
segment were, therefore, necessary also after the official end of the A1 action (as planned in 
the proposal), to enable confident identification and reliable quantification of the selected 
pollutants in wastewater.  
The actual concentrations of the selected pharmaceuticals found during the monitoring of 
the WW samples proved to be lower than anticipated at the beginning of the A1 action 
phase. Therefore, the methodology had to be modified. The semi-automatic extraction/pre-
concentration method on SPE-DEX extractor has been optimised to achieve higher and 
repeatable recovery for all selected analytes. The mass spectrometer was fine-tuned for 
maximal sensitivity, necessary to accurately measure the analytes in the obtained samples. 
We reliably detected the presence of residues of pharmaceuticals in analysed wastewaters. 
For this purpose, three sampling events have been performed at each selected institution.  
The third Phase has been dedicated to the laboratory testing of the small electrolytic cell to 
evaluate the efficiency of degradation of pharmaceuticals. The results proved the potential 
of the electrolytic cell for degradation of pharmaceuticals. Different experimental treatment 
sets (e.g. testing treatment time, organic load, and the initial concentration of 
pharmaceuticals) have given us important results and pointed out on the requirements, 
which needed to be considered during the design of the model and pilot scale electrolytic 
cell.   
In the fourth Phase, we compared different options for the construction of the pilot plant, 
considering the difficulty of construction, distance from Ljubljana, available place, 
cooperativeness of the management, etc. The location at Golnik has been selected as an 
optimal location. Based on the preliminary analysis of the actual wastewater samples taken 
from the WWTP Golnik, a revision of the initial selection of monitored analytes was 
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performed. Two pesticides were excluded, and some of the pharmaceuticals were 
exchanged by more relevant ones from the same therapeutic group. Consequently, the pre-
treatment method (extraction) and the chromatographic method for the new set of analytes 
had to be adjusted, optimised and validated.  

Outputs achieved in quantifiable terms 

 Seven visited locations of elderly homes and hospitals 

 Eight wastewater sources analysed. 

 Extraction and analytical procedures for analysis of pharmaceuticals defined. 

 Eleven pharmaceuticals have been identified, and ten of them selected for further 
monitoring during the project pilot demonstration activities (atorvastatin, bisoprolol, 
ciprofloxacin, diclofenac, fluoxetine, imatinib, carbamazepine, clofibric acid, 
metoprolol, sertraline).Tested electrolytic cell treatment efficiency in 10 different 
combinations of electrodes placement. 

 Selected one location for pilot plant construction. 

Implementer of activities 

Phase 1: Arhel, FFA 
Phase 2: FFA, Arhel 
Phase 3: Arhel, FFA 
Phase 4: Arhel 
Phase 5: Arhel, FFA 

Indicators of progress (as set in the project) 

Obtained results from 6 sampling events and analysis of pharmaceuticals 
from 3 institutions 

Accomplished 

Results from laboratory water treatment performed on three samples 
 

Accomplished 

Selected institution for pilot plant construction Accomplished 

Problems / drawbacks / delays and consequences 

There were no difficulties in the implementation of this task. However, we prolonged the 
activities within this task with the following reason: 
To obtain a deeper insight into the characteristics of the treated water, which presented the 
inflow into the electrolytic cell, additional sampling and analyses have been performed at 
Golnik WWTP. Additionally, we have tested the efficiency of the model scale electrolytic cell 
(cells with dimensions which were used in the pilot plant) with different organic load, to 
define the needed additional pre-treatment of water before entering the electrolytic cell. 
The goal was to ensure an energy efficient operation of the electrolytic cell, without clogging 
and high efficiency of degradation of pharmaceuticals. The activities support the design 
process of the pilot plant. Since the FFA was actively involved in these activities, we have put 
them into the Action A1. The results of this phase are provided in Deliverable “Report on 
results of project`s preparatory actions” as a separate study - Research Report: A1F6 Long-
term monitoring of “Golnik” wastewater and determination of needed pre-treatment.  

Complementary actions outside LIFE 

During the LIFE+ project, FFA has undertaken a systematic wastewater sampling research 
activity to cover all major regions of Slovenia and to eventually determine the current status 
and trends of ecological burden by the emerging micro-pollutants. The list of the monitored 
analytes has been vastly extended and currently covers more than 120 pollutants and their 
metabolites. Furthermore, FFA is also attempting to increase the sensitivity of their LC-
MS/MS method even further, to enable monitoring of the emerging micro pollutants in 
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surface and drinking waters and even in fish tissue. The appropriate methodology was 
developed, stir-bar sorptive extraction, solid phase extraction for high volumes, etc. 
Moreover, there is not only a burden by pharmaceuticals. Hence, a few pesticides are 
currently under investigations.  Additionally, FFA also co-operates with the national research 
institute Jozef Stefan to develop and test the new molecular imprinted polymers to 
selectively extract pharmaceuticals out of contaminated water. Moreover, FFA is 
collaborating with domestic and international pharma industry on various environmentally 
associated projects. 
 
In addition, FFA accumulates and promotes the gained knowledge and expertise together 
with ecological awareness to its students by its implementation to the education process 
and research activities. During the LIFE+ project, five master's degrees were completed on 
this topics, three masters degrees are still on-going, and one Ph D.   

Perspectives for continuing the action after the end of the project 

With the developed analytical procedures, we proved a significant presence of 
pharmaceuticals in raw and treated sewage. Alarming information calls for further survey 
also from other water sources.  
 
The analytical results obtained within the Life+ project (and outside project frame) clearly 
show a persistent burden of water bodies by pharmaceuticals. Although the concentration of 
the most of the found drug residues can be considered low (microgram to nano gramme per 
litre range), it is known that due to their high biological activity and tendency to bio-
accumulate, their continuous and increasing presence represents a new and dangerous type 
of environmental pollution and health hazard. Particularly dangerous are the antibiotics for 
they are increasing the microbe resistance and the so-called endocrine disruptors, originating 
from the hormonal drugs, e.g. birth control pills, hormone replacement therapy, natural 
oestrogens and plasticisers. They can significantly affect the behaviour and impair the 
reproduction of various, mainly aquatic organisms, but may also affect the human physiology. 
They are suspected to increase the risk of prostate and breast cancers, cause infertility and 
polycystic ovary syndrome already at concentrations as low as ng/L. Therefore, during the 
execution of the LIFE+ project, we recognised that our endeavour was covering only a part 
of the problem. Households and densely populated areas together with the ageing 
population may present an even greater risk for the safe and high-quality drinking water 
than the risks from hospitals and nursing homes.  
 
Thus, it is our strong belief that the research activity should not stop at achieving the LIFE+ 
goals of the present project. The activities should be continued with the emphasis on 
developing new reliable methods for quantification of the even greater number of bio-
hazardous micro-pollutants like the endocrine disruptors and new methods for their 
elimination either at the site of their entering the eco-system or at the water treatment and 
production process.  
 
Consequently, we clearly recognize the need for an additional LIFE project, which would 
allow us to continue to deliver new quality data to provide the means to monitor, and 
appropriately act on EU and local level with the aim to preserve one of our European 
civilizations’ greatest asset – the high quality and healthy drinking water.  
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Photo 1: Sampling of wastewater at different locations. 

 
 

 A B C 
Photo 2: Electrolytic cell and power supply in different development stages: A/ small laboratory 
electrolytic cells, B/ model scale electrolytic cell with power supply under development and tests; 
C/ finished electrolytic ( the design used on the pilot plant) and finished laboratory power supply 
system. 

 

  
Photo 3: Liquid chromatograph (Agilent UHPLC 1290) coupled to a triple quad mass spectrometer 
(Agilent 6460, Agilent Technologies, Santa Clara, California, USA). 
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Photo 4: Semi-automated extraction system SPE-DEX (Horiznon Technolgy). 

 

 
 

Photo 5: The final step of extraction, the extract obtained by semi-automated extraction system 
SPE-DEX (Horiznon Technolgy). 
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3.1.2 B1 Planning of the demonstration plant and gaining permissions for the 
construction  

Description of undertaken activities 

This action was composed of two phases: 
Phase 1: Preparation of input data for planning (design of the pilot plant) 
Phase 2: Elaboration of the technological plan, the plan of mechanical installations and 
hardware, the plan of electric installations and equipment and the plan of construction 
works. 
 
In the first phase, we have contacted several producers of the tertiary treatment systems 
(membrane modules, sand filters, etc.) and producers of secondary WW treatment, 
suitable for container installation. Based on gathered data, we compared the systems 
from the standpoint of capacity, space and energy requirements, the required level of pre-
treatment and performance efficiency. The comparison served for the definition of the 
requirements of the pilot systems, planned to be installed at Golnik WWT plant. At this 
stage, we contacted for the advice also Jurij Kus, an experienced engineer in the field of 
municipal wastewater treatment, who also cooperated as supervisor during the technical 
handover of the pilot plant. Several companies have been further contacted for the 
service of the design of the pilot plant (IEI Ekološki inženiring, Comteh, Vodateh, Liviplant). 
An offer has been received only from Liviplant, which was hired as an external contractor. 
They elaborated a general design of complete aboveground installation of wastewater 
treatment system in two containers with a comparison of different possible options of 
WW treatment. Regarding this design, detailed designs have been prepared by Arhel (the 
plan of building foundations, all designs for tertiary treatment systems with the 
electrolytic cell; mechanical and electrical installations). Special attention has been paid to 
the development of electrolytic cell design (achieving uniform water distribution over 
electrode surface, preventing clogging and preferential flows) and power supply 
(maintaining constant current/voltage, enabling self-cleaning ability, preventing damages 
of the electrode doped material). Attention was also given to automation of the 
monitoring process. These detailed designs served as a basis (detailed technical 
specifications) in the preparation of tender documentation to obtain offers from external 
manufacturers for the construction of the pilot plant integrated into two aboveground 
containers. 
Due to the small-scale plant, the obtainment of the construction allowances was not 
necessary. We only need to obtain the consent form the municipality, which owns the 
Golnik wastewater treatment plant. Their condition was to restore the area, where the 
pilot plant will be constructed, into the original state after the end of the project.   

Outputs achieved in quantifiable terms 

The following reports and designs have been created: 

 A collection of documents and a summary of the documents that constitute input 
data for design.  

 Technological Plan. 

 The plan of mechanical installations and hardware. 

 The plan of electrical installations and equipment. 

 The plan of the construction works.  

Implementer of activities 
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Arhel 

Comparison with the planned outputs  Status, Comment 

Indicators of 
progress 

Construction documentation elaborated Achieved 

Problems / drawbacks / delays and consequences 

Construction documentation has been finished with a certain delay. After a longer-term 
observation of the Golnik WWTP efficiency operation, it was namely obvious, that the 
outflow will not be suitable to connect directly to the fourth stage level of the WWT or 
electrolytic cell.  Golnik WWTP is namely a very old plant, designed in 1957. After the 
detailed overview of the Golnik plant construction installations, it was concluded that 
improvement of the plant itself does not come into consideration. The most convenient 
approach was to install a small-scale wastewater treatment plant and additional fourth 
stage of WWT as a container system.  This would also enable to restore the area around 
the Golnik WWTP into original state after the end of the project.  
 
We have contacted several Slovenian companies for the elaboration of the documentation 
for the installation of the pilot plant in two aboveground transportable containers. Due to 
the small scale system, low available budget and elaboration out of the standard sizes and 
designs, we received a positive reply on enquiry from only one institution. The company 
Liviplant responded to the inquiry. Some difficulties were also in obtaining a small scale 
filtering and membrane systems necessary for our system (capacity 1.5 - 3m3 per day).  
 
During the planning of foundations, it also turned out, that the existing WWTP Golnik is 
not watertight, causing constant wetting of the selected ground for the placement of the 
containers. The concrete foundations were therefore changed for wooden ones. 
 
Documentation (technical designs) for the parts that were produced by Arhel was 
produced concurrently with the testing and processing of the equipment, which is one of 
the reasons for the later completion of the whole project documentation as planned. 

Complementary actions outside LIFE 

No 

Perspectives for continuing the action after the end of the project 

No 
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3.1.3 B2 Construction of the plant and experimental operation 

Description of undertaken activities 

The following phases have been completed: 
Phase 1: Purchase of material 
Phase 2: Manufacture of equipment 
Phase 3: Construction of the plant 
Phase 4: Experimental operation of the plant and training of the maintenance staff 
 
The pilot plant is placed in two aboveground containers at Golnik WWTP. The containers 
are supported by wooden foundations. 
 
The first container contains a biological WWTP with the secondary WW treatment system, 
treating the water to the parameters suitable for the inflow into the fourth stage 
treatment system (upgrade of the existing WWTP). The second container contains a sand 
filter and granulated carbon filter for additional conditioning of the water and the 
electrolytic cells – the fourth stage of WWT system. 
  
The equipping and installation works in the containers (installation of the biological 
wastewater treatment plant, container insulation, electrification and ventilation, air 
conditioning, piping) took place in a closed facility in Ajdovščina, completed by sub-
contractor ENOOP d.o.o., who finalised the work according to Arhel`s technical 
specifications. Arhel`s engineers have regularly inspected the works and cooperated at 
installation. After the completion, the containers were transported to Golnik WWTP, 
where final installation works were done (electrification, installation of the electrolytic 
cells, sensors, automation of the monitoring processes - SCADA, etc.). 
 
In Phase 4, test operation of the plant was carried out with technical check-up of the 
operation (External service by Jurij Kus). Three Arhel`s employees were trained on pilot 
plant operation to carry out daily maintenance, setting up of operation regimes, recording 
water parameters and sampling of water.   

Outputs achieved in quantifiable terms 

The following outputs in the form of reports were planned in the proposal: 
1. Phase 1: Collection of obtained offers and purchased equipment according to the 

plan. 
2. Phase 2: Report on produced equipment ready to install 
3. Phase 3: Report on built pilot plant (report on executed construction works). 
4. Phase 4: Handover documentation - delivery of the pilot plant into test operation. 

All four reports are gathered in the deliverable: “Report on constructed pilot plant with 
the handover of documentation and supplied equipment”. 

Implementer of activities 

Arhel 

Comparison with the planned outputs  Status, Comment 

Indicators of 
progress 

Constructed pilot plant Accomplished. 

Problems / drawbacks / delays and consequences 

The occurred delay in construction did not affect the demonstration phase of the plant. 
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The establishment of the stable operation of the biological part of the WWTP in the first 
container was accelerated with the addition of the active sludge from the WWTP operated 
by the owner of the Golnik WWTP. The electrolytic cell and other physical WWT systems 
in the second container didn`t need any initial establishment period for the stabilisation of 
the operation. 
 
For the optimisation of the demonstration phase and evaluation of the operation 
efficiency, we prepared a detailed plan of different experimental operation modes 
(operation of electrolytic cell in combination with different pre-treatment systems 
installed in the containers; as well as operation of electrolytic cell itself under different 
regimes – length of the retention time, flow rate, number of operating cells, current 
density used, etc.).  

Complementary actions outside LIFE 

No 

Perspectives for continuing the action after the end of the project 

The operator of the WWTP Golnik agreed that the LIFE PharmDegrade pilot plant could 
stay at the location at least until May 2017. Until that time, Arhel will look for other 
locations with interest to use the plant for pilot testing.  Until then no changes in the 
design will be made.  
 
During the project closure conference, the interest for the additional treatment of water 
has been shown from two local municipal WWTPs and pharmaceutical company. In the 
case of raised interest, Arhel will offer the pilot plant to be used in a further research 
project, as well as for test operation at interested end-user. For this purpose, the pilot 
plant capacity can be upgraded or design adopted to new treatment goals.  
 
Arhel states that the pilot plant will not be sold or used for commercial purposes during 
the five years after the end of the LIFE PharmDegrade project. 

 

 
Photo 6: Pilot plant installed in two aboveground transportable containers at WWTP Golnik site. 
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Photo 7: Interior of the containers of the pilot plant (upper photo - biological treatment plant, 
lower photo - a container with tertiary systems). 
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3.1.4 B3 Monitoring of the operation 

Description of undertaken activities 

The following phases were completed in action B3:  
Phase 1: Monitoring of the concentration of the pharmaceuticals before and after 
treatment 
Phase 2: Measurements of water physical and chemical parameters 
Phase 3: Monitoring of the operating costs of the pilot plant 
 
Despite the delay in the construction of a pilot system, FFA started with preliminary 
activities on this action before the pilot plant was built. The work was dedicated to the 
improvements of the methods for the extraction and pre-concentration of found 
pharmaceuticals in the raw and treated water, their identification and quantification.  
The LC-MS/MS method has been shortened - optimised to give high-quality analytical 
results in as short time as possible. The quality of the results was assured by the selection 
and addition of isotopically labelled internal standards to the wastewater samples before 
the extraction. The quicker LC-MS/MS method also enabled a faster quantitation of 
analytes in a large number of samples obtained from the pilot experimental trials. 
In the project proposal, we planned to carry out at least 24 sampling events during the 
demonstration period of the pilot plant operation. To achieve a more targeted monitoring 
of the pilot plant operation, we elaborated a detailed monitoring plan. According to the 
plan we have carried out 23 different experimental series where the following was tested: 
the influence of different retention time of water in the system and length of the 
electrolysis, intensity of electrolysis in terms of current density applied, flow rate and 
number of electrolytic cells in operation, and different pre-treatment options before the 
use of electrolytic cells. In each experimental operation, nine physical and chemical 
parameters were measured (temp, pH, electric conductivity, oxidation reduction 
potential, oxygen, chemical oxygen demand, halogenated organic compounds (AOX) and 
mineral nitrogen (NH4-N and NO3-N). In each sample, ten pharmaceuticals were measured 
(ciprofloxacin, metoprolol, imatinib, bisoprolol, fluoxetine, sertraline, atorvastatin, 
diclofenac and clofibric acid). Altogether, 109 samples were taken at various sampling 
points (inflow sample, sample after treatment in biological WWTP, sample after additional 
pretreatment and samples after electrolysis) in which the analysis mentioned above were 
performed. With these approaches, we managed to perform accurate and very focused 
testing and demonstration of the pilot plant operation. 
Our analysis revealed quite high concentrations of certain monitored compounds at the 
outflow from the existing biological treatment plant:  the measured levels of antimicrobial 
drug ciprofloxacin, CNS drug carbamazepine, and nonsteroid anti-inflammatory drug 
diclofenac were 1.6 µg/L, 0.3 µg/L and 1.8 µg/L, respectively. Even though the levels of the 
individual substance are nowhere near the levels that may cause any acute toxicity on 
aquatic organisms, they cannot be considered as irrelevant either. Their combination 
(potential synergistic and multiplication activity) and continuous presence may present a 
risk, nevertheless.  
The measured concentrations obtained in effluents of the newly developed wastewater 
treatment plant revealed a very high removal efficiency (approximately 80% removal with 
one-pass and 90% to close to 100% for 3-pass electrolytic treatment). 

Outputs achieved in quantifiable terms 

In the project proposal, we proposed that the concentration of pharmaceuticals will be 
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reduced up to 90% and that concentration of other water physical and chemical 
parameter will be within the normative limits. With pilot plant operation, we have 
achieved these goals.  

Implementer of activities 

Arhel: plant operation, water sampling, basic physical and chemical water analysis; 
economic assessment of the operation 
FFA: analysis of pharmaceuticals 

Comparison with the planned outputs Status, Comment 

Indicators 
of 
progress 

The results from one-year monitoring of 
pilot plant operation obtained. 

Fulfilled   

Pilot plant successfully removes 
pharmaceuticals from water. 

Fulfilled   

Extract from the report presented on the 
project website. 

Fulfilled   

Expected at least 1,000 downloads of the 
report. 

Since the report has been 
completed and uploaded on the 
internet after the end of the 
project, this goal can not be seen 
yet. We expect to be reached in 
the next six months. 

Problems / drawbacks / delays and consequences 

Due to delays with construction of the pilot plant, the monitoring has started with a delay. 
However, FFA was working on optimisation of analytical procedures (extraction of 
pharmaceuticals from real water samples from Golnik location) before the start of the 
actual pilot plant monitoring. There was a need for regular calibrations and adaptations on 
LC-MS/MS because of a high number of measured samples and a need for a high 
sensitivity of analyses (low concentrations), which took additional time and engagement 
of researchers. 
 
With the detailed monitoring plan, which included testing under different operational 
regimes, we managed to achieve all set goals. 

Complementary actions outside LIFE 

Arhel is working on the application of electrolytic cell for the regulation of growth of 
cyanobacteria and degradation of cyanotoxins (LIFE Stop CyanoBloom project).  
FFA is optimising the analytical methods regarding higher sensitivity to extend the lower 
working concentration range towards lower limits of quantification, applicable to samples 
of river water, groundwater and drinking water.  
Furthermore, new emerging pollutants are being added to the list of watched compounds 
(currently above 120) at FFA. This comprehensive monitoring would enable a reliable and 
thorough assessment of the impacts of newly developed wastewater treatment 
technologies and efforts, the beginning of which is also the present LIFE+ project. 

Perspectives for continuing the action after the end of the project 

After the end of the project, we will try to find new possibilities for further use of the pilot 
plant in experimental or education purposes. We will try to look for new financial support 
to bring the product on the market, as well as final users of the technology.  
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3.1.5 C1 Monitoring of the impacts of the project actions 

Description of undertaken activities 

The action was composed of two phases: 
Phase  1: Societal – economic impacts of the project activities (analysis of capital and 
investment costs, survey on awareness of problematics) 
Phase  2: Environmental impacts of the project activities (analysis of efficiency of different 
technologies, life cycle assessment) 
 
With the development of the project activities, we have gathered all the data, which served 
us in the evaluation of the project impacts. We have prepared a desk study, comparing 
different advanced WWT systems, which served as a basis for comparison with anode 
electrochemical oxidation used in our project. In cooperation with the networked project, 
LIFE RusLCA from Slovenian National Building and Civil Engineering Institute (ZAG Zavod za 
gradbeništvo Slovenije), a short Life-Cycle Analysis of the technology has been performed.  
 
The study presents the literature review on pharmaceuticals and micropollutants in the 
environment, their basic properties and negative effects on the environment. Different ways 
of how pharmaceuticals and other micropollutants enter the water environment and a 
comparison of the environmental relevance of specific pharmacologically active substances 
in the environment are discussed. A separate chapter is dedicated to the Ecotoxicological 
assessment of chronical and acute toxicity of pharmaceutical deposits in the water and 
potential contribution of electrochemical oxidation, used in the project LIFE PharmDegrade, 
to reduce the toxicity. The report also includes a brief overview of the public awareness 
about the problem of pharmaceuticals in the environment. Current legislation in Slovenia 
and EU concerning pharmaceuticals is presented and discussed. An overview of all LIFE 
projects connected to advanced wastewater treatment technologies for micropollutant 
removal has been made. In the separate chapter, the approach of Switzerland and Germany 
towards regulation of pharmaceuticals and micro-pollutants in the environment is 
presented. Moreover, a broader Overview of water treatment technologies and their 
capacity for removal of micropollutants like pharmacologically active substances is given. 
The evaluation of the costs of the 4th stage of the municipal wastewater treatment system 
with anode oxidation, used in LIFE PharmDegrade project, was compared to the three 
advanced water treatment systems for micropollutants removal, which are currently in use 
in Switzerland (Haltmeier and Pazhepurackel, 2015) and in Germany (Hillenbrandt et al., 
2016), and with calculations made for Netherlands (Mulder et al., 2015) for ozonation, 
powdered and granulated active carbon. Also, anode oxidation using BDD electrodes, which 
was used in Austrian pilot scale research (Menapace et al., 2009), was included in the 
comparison. In the last part of the study, the advantages of the electrochemical oxidation 
are presented, revealed from the comparison with other technologies. The final chapter 
summarises nine points of open questions and suggestions for further work.  

Outputs achieved in unquantifiable terms 

Two desk studies implemented – presented in one united report. 
 
The analysis public awareness showed a relatively high level of awareness about the 
problem as well as awareness about the increased consumption of the medicines. However, 
the usage of pharmaceuticals as well as phytopharmaceuticals, which are important 
micropollutants, is not likely to be reduced in the future. 
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Relevancy of other pharmaceuticals, besides those mentioned in the Watch List, has been 
confirmed during our monitoring. The presence of antibiotic ciprofloxacin was detected in 
almost all samples and in the highest concentrations. Further research, including additional 
related representatives of ciprofloxacin, which belong to quinolone antibiotics (norfloxacin, 
ofloxacin, levofloxacin, etc.),  β-lactam antibiotics (penicillins, cephalosporins, carbapenems 
and monobactams) and sulfonamides is proposed. 
 
The results of LCA analysis showed that most of the environmental burdens related to the 
operation of the WWTP with electrochemical oxidation refer to the use of electricity, while 
the contribution of burdens related to the use of consumable materials is minor. The 
environmental benefits regarding micropollutants removal were not possible to evaluate 
since characterisation factors for all micropollutants present in WW are not available. 
 
Our calculations showed that the fourth stage of WWT using electrochemical oxidation 
would cost 0.17 – 0.23 €/m3 at municipal WWTP for 20.000 Population Equivalents with 
treatment goals of 80% to >90% pharmaceuticals removal, respectively. This is within the 
range of the costs (0.18 – 0.29 €/m3) of the fourth stage of WWT using ozonation or 
activated carbon for the same size of WWTP with the same treatment goals. The calculations 
were performed for seven size classes of WWTPs. 

Implementer of activities 

Arhel, FFA 

Comparison with the planned outputs Status, Comment 

Indicators of 
progress 

Obtained results from societal -economic 
analysis of plant operation (plant operational 
costs, analysis of public awareness with 
problematic, life cycle analysis). 
Obtained results from the environmental 
analysis (assessment of the technology in 
comparison to other technologies; efficiency 
assessment. 
Published extract from the reports on the 
project website. 
Al least 1000 downloads of the report. 

Results obtained and 
published 
The expected number of 
downloads will be achieved 
in several months after the 
project. 

Problems / drawbacks / delays and consequences 

No problems encountered. 

Complementary actions outside LIFE 

No. 

Perspectives for continuing the action after the end of the project 

During the phase of further placement of the technology to the market, additional analysis 
of this kind will be performed in the sense of market research and business opportunity 
definition.   
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3.2 Dissemination actions 
A list of published papers in scientific and professional journals, poster and other 
communication material is presented in After-LIFE Communication Plan document.  
 
A lot of material can also be downloaded from Project/Documents and News sections of the 
project webpage http://lifepharmdegrade.arhel.si. A separate sub-page is dedicated to the 
closure project conference where all the project presentations and Conference Proceeding 
can be downloaded. 
 

http://lifepharmdegrade.arhel.si/


 

LIFE PharmDegrade Final Report                  26 

 

 
 

4 Analysis of long-term benefits  

4.1 Environmental benefits 
a. Direct/quantitative environmental benefits 

 
The remains of medicinal products in water are addressed as micro-pollutants since they are 
present in low and trace levels in the environment. They can be found in industrial, 
agricultural and domestic WW streams as well as in surface, groundwater and drinking 
water. Our aim was to demonstrate a potential for up to 90% reduction of residues of 
pharmaceuticals found in sewage with the use of advanced anode oxidation technology. 
Besides treatment efficiency, we wanted to demonstrate as much as possible energy 
efficient operation.  
 
A direct environmental benefit of the demonstration was planned to be a reduction of 
pharmaceutical concentration from 1.5 to 3 m3 of treated water per day. The final capacity 
of the electrolytic cells installed in the pilot plan, which was evaluated from the removal 
efficiency of pharmaceuticals, was however 7.2 m3 of treated water per day. In case the pilot 
plant would work 24 hours per day during the whole year, the following removal of mass 
load per year could be expected: 

- the collective concentration of seven pharmaceuticals (7PH) (diclofenac, atorvastatin, 
sertraline, carbamazepine, bisoprolol, metoprolol, ciprofloxacin) measured during 
the monitoring: 4.3 µg/L 

- Incoming mass load of 7PH to biological wastewater treatment plant Golnik: 14.8 
mg/year 

- Mass load of 7PH after biological treatment: 11.2 mg/year 
- Mass load of 7PH after electrochemical oxidation: 1.5 mg/year 
- Pilot plant would prevent outflow of 13.2 mg/year of pharmaceutical (working with 

treatment efficiency goal of 80% reduction of the concentration). 
It should be noted, that only seven pharmaceuticals were taken into account, with 
quantifiable concentration at the pilot plant outflow. In the water, there are more than 100 
different pharmaceuticals, which would be removed as well. 
 
Considering the same pharmaceuticals and concentrations for a medium size WWTP, the 
mass load reduction is much greater: 

- WWTP for 20.000 PE, 200 m3/h treated water 
- Annual mass load of 7 pharmaceuticals to WWTP: 9,8 kg/year 
- Mass load after electrochemical oxidation: 1 kg/year 
- Electrochemical oxidation would prevent outflow of 8,8 kg/year of 7 evaluated 

pharmaceuticals (working with treatment efficiency goal of 80% reduction of the 
concentration), which corresponds to 441.495 pills. 
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Analysis showed that short exposure of water to electrochemical oxidation did not result in 
the potential formation of AOX (halogenated organic substances), which would be a source 
of potential toxicity.  
 
The degradation products of electrochemical oxidation that were followed showed no 
further pharmacological activities. Since the toxicity tests were not planned in the project, 
this is proposed to be evaluated in the future research work. 
 
Other recalcitrant substances in WW, which are also addressed as micro-pollutants are 
remains of phytopharmaceuticals (herbicides, pesticides), personal care products and other 
toxic chemicals present in sewage. The selected technology is equally effective at their 
removal, as it was demonstrated in preparatory activities, where we followed the reduction 
of the concentration of different phytopharmaceuticals. Further bigger-scale demonstration 
activities with analysis are, however, suggested, to prove and evaluate these effects. 
 

b. Relevance for environmentally significant issues or policy areas  
 
The systemic control of pharmaceuticals in waters is still unregulated in the EU, despite the 
European Commission's proposal in 2012 for the restriction of the three most commonly 
present pharmaceuticals in water. Among the most exposed are the remains of medicines 
like endocrine disruptors, antibiotics, remains of painkillers, tranquillizers, etc. Pseudo-
endocrines are now classified as Substances of a very high concern and are considered in the 
EU REACH Directive. Besides, they are considered as important pollutants in the Water 
Directive. 
 
On January 31, 2012, a proposal on improving water quality in the EU was released, in which 
the Commission proposed to update the list of priority substances for which water bodies 
should meet environmental quality standards. Medicinal substances diclofenac, 17-beta-
estradiol and 17-alfa-ethinylestradiol were included into watch list of substances (substances 
which may pose a risk or monitoring data are insufficient). In the experiments performed, 
the electrochemical oxidation with BDDA demonstrated extremely successful reduction of 
these chemicals in the tested solutions (up 90% efficiency). The development and 
demonstration of new method can, therefore, show a possibility of direct implementation of 
the legislative amendments of the EU Directives in the field of water protection. Regular 
monitoring at WWTP and improved analytical methods for pharmaceutical detection and 
quantification can bring new insights on the occurrence of medicinal products in the 
environment. 
 
The use of the technology is for now not policy-driven: legislation currently does not foresee 
a mandatory installation of the advanced (fourth level) treatment system for the removal of 
trace contaminants such as pharmaceuticals. New changes in the legislation, however 
(Watch List of substances that may pose a risk or which monitoring data are insufficient) 
show a preference in this direction and stricter requirements for WW discharge are 
expected. The support of carrying out this project was, therefore, meaningful. 
 
Screening of different WW sources revealed that significant concentrations of 
pharmaceutical residues are not present only in WW from centres of increased use of 
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medicines like hospitals, but also in sewage water coming from households. This is because a 
lot of diseases are treated at home. Since the mass load contribution of sewage from 
households is much bigger than the contribution from hospitals, advanced treatment of 
sewage WW should not be neglected, to remove contaminants of concern as residues of 
pharmaceuticals are. From the point of view of energy efficiency of treatment, it is 
important to treat waters as close to the source of specific pollutants as possible. In this 
concern, pre-treatment of waters from hospitals before their outflow to sewage would be 
proposed. 
 
The European Watch List, demands to monitor of six pharmaceuticals in the European Union 
(17-alfa-etinilestradiol (EE2), estrone (E1), 17-beta-estradiol (E2), diclofenac and macrolide 
antibiotics as erythromycin, clarithromycin and azithromycin). Relevancy of other 
pharmaceuticals, besides those mentioned in the Watch List, has been confirmed during our 
monitoring in Slovenia. The presence of antibiotic ciprofloxacin was detected in almost all 
samples and the highest concentrations. Average concentration before the treatment was 
1.5 µg/L. Further research, including monitoring of more substances like three macrolide 
antibiotics from the Watch List (azithromycin, erythromycin, clarithromycin) and additional 
related representatives of ciprofloxacin, which belong to quinolone antibiotics (norfloxacin, 
ofloxacin, levofloxacin, etc.),  β-lactam antibiotics (penicillins, cephalosporins, carbapenems 
and monobactams) and sulfonamides is proposed.  
 
New sensitive analytical techniques are enabling regulators to identify the presence of new 
emerging micro-pollutants in water and WW as well as their effects on ecosystems, whose 
findings will lead to more stringent standards on emissions from WWTP. The developed 
analytical method within this project can serve as an expandable template, which would 
allow many future inclusions of newly identified hazardous substances to be routinely 
measured. Our method provides a solid foundation for multiple laboratory screening actions 
since it employs a semi-automatic sample preparation and needs only a mid-class mass 
spectrometer that can be found in many laboratories around Europe. The improved 
analytical approach and obtained analytical results from (waste)water samples in Slovenia 
contribute to the newly established EU Watch List database on priority substances in terms 
of offering optimised analytical approaches and data on pharmaceuticals that could be 
potentially added to the Watch List (Directive 2013/39/EC, which complements the Directive 
2000/60/EC in 2008/105/EC; decision on establishment of Watch list). 
 
In the project proposal, we expected that the waters from nursing homes would also have a 
higher load of pharmaceutical residues compared to average sewage. This was not 
confirmed by our study. Due to the number of incontinent residents in the nursing homes, 
the residues of pharmaceuticals from excreta are disposed of as solid sanitary wastes. In 
case these wastes are deposited to improperly isolated sanitary landfill sites, the landfill 
leachate can contaminate the ground water. This issue should be appropriately addressed in 
the waste regulations. 
 
Common guidelines of European Commission regarding the removal of micropollutants from 
water effluents from municipal sewage treatment plants have not been accepted yet, but 
some countries have already made the first step towards this goal. Currently, Switzerland 
and Germany are leading with several pilot plants implementations. Switzerland determined 
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these implementations also in the law regarding water protection in 2014. Although the limit 
concentrations of micropollutants have not been set yet, the goals were set on the 
percentage of the reduction of micropollutants (e.g. 80% average reduction from selected 
WWTP in the country). Until toxic effects of a mixture of micro pollutants are not entirely 
understood, preventive action and integration of advanced water treatment technologies 
are proposed as a precautionary action. 

4.2 Long-term benefits and sustainability  
 

a) Long-term / Qualitative environmental benefits 
 
Remains of medicinal products and other micro-pollutants turned out to be toxic to human 
health and aquatic life. Besides, some of them turned out to be endocrine disruptive 
substances affecting the fertility of aquatic animals as well as humans. The third issue of 
their presence in the environment, especially from antibiotics, is causing the resistance of 
bacteria and therefore reduced options of efficient fighting against bacterial infections in 
veterinary and human medicine. With the removal of these substances from WW before 
their entrance into the environment, we can avoid mentioned hazards.  
 
The use of anode electrochemical oxidation technology is based on the use of electricity, 
which runs the whole process. Attention is paid to the use of power supply by using solar 
energy to achieve the greatest possible sustainability of the process.  
 
By application of advanced anode electro-oxidation technology, we do not add to the 
treatment process any additional chemical substances, which would remain as a waste after 
the end of the treatment. The treatment process runs on site. Therefore no transport of 
chemicals or water is needed.  
 
According to prospective results of the treatment efficiency and comparable cost evaluation 
from other advanced technological processes, we propose testing the system in larger scale, 
as electrochemical oxidation offers several advantages: 

- No need to use chemicals (oxygen, peroxide, ozone) for production of oxidants 
- No need for post-neutralization of the oxidant, as hydroxyl radicals are very short-

lived, 
- The system does not require any material for adsorption of pollutants (activated 

carbon, membranes), which would represent a waste after the treatment or would 
demand nonrenewable resources 

- There is no solid waste after the treatment, no waste deposit problems or any 
possible danger of the entry of the pollutant back to the environment or illegal 
export of the waste abroad 

- The process does not produce a concentrate, which would need to be modified 
further on 

- The electrical power for the system may originate from solar panels, which is a 
renewable source of energy 

- Treating the water also comprehends disinfection of the water 
- Very short treatment retention times. 
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b) Long term / Economic benefits  

 
Price affordable technology: 

The evaluation of the costs of the 4th stage of the municipal wastewater treatment system 
with anode oxidation, used in LIFE PharmDegrade project, was compared to the three 
advanced water treatment systems for micropollutants removal, which are currently in use 
in Switzerland (Haltmeier and Pazhepurackel, 2015) and in Germany (Hillenbrandt et al., 
2016), and with calculations made for Netherlands (Mulder et al., 2015) for ozonation, 
powdered and granulated active carbon. Also, anode oxidation using BDD electrodes, which 
was used in Austrian pilot scale research (Menapace et al., 2009), was included in the 
comparison. These four references were included in the comparison because they describe 
the sizes of the treatment plants. Our calculations showed that the fourth stage of WWT 
using electrochemical oxidation would cost 0.20 – 0.30 €/m3 at municipal WWTP for 20.000 
Population Equivalents with treatment goals of 80% to >90% pharmaceuticals removal, 
respectively. This is within the range of the costs (0.18 – 0.29 €/m3) of the fourth stage of 
WWT using ozonation or activated carbon for the same size of WWTP with the same 
treatment goals. The calculations were performed for seven size classes of WWTPs. 
 
Table 1: Comparison of the treatment costs (€/m3) of the 4th stage of wastewater treatment to 
remove pharmaceuticals and other micropollutants from municipal wastewater.  

Treatment 
plant 

capacity 

Reference 

PE = population equivalent 

20.000 41.700 100.000 300.000 

O3 + sand 
filter 

Mulder et al., 2015 
(nederlands) 

0,22 ± 0,04  0,18 ± 0,03 0,16 ± 0,03 

PAC + sand 
filter 

0,26 ± 0,04  0,20 ± 0,03 0,18 ± 0,03 

GAC + sand 
filter 

0,29 ± 0,04  0,27 ± 0,04 0,26 ± 0,04 

O3 / PAC / 
GAC  + sand 

filter 

Hillenbrandt et al 
2015  Mulder et al., 

2015 (Germany) 
0,18 ± 0,08  0,16 ± 0,08 0,12 ± 0,08 

O3 / PAC / 
GAC  + sand 

filter 

Haltmeier in 
Pazhepurackel v 

Mulder et al., 2015 
(Switzerland) 

  0,16 – 0,2  

EO (BDD) 
Menapace et al. 

2009 
(Austria) 

 0,47   

EO (BDD) LIFE PharmDegrade 0,20 – 0,30 0,18 – 0,28 0,17 – 0,27 0,16 – 0,26 
GAC – Granulated Active Carbon; PAC – Powdered Active carbon; O3 – ozonation; EO – Electrochemical Oxidation; DBB – Boron Doped 
Electrodes; MMO – Mixed Metal Oxide Electrodes 
 
The comparison of the costs shows that our oxidation system is comparable to the costs of 
ozonation and active carbon application at the 4th stage of the wastewater treatment. The 
costs in the case of Austrian study are much higher, due to higher electricity costs and due to 
higher goals for micropollutants removal efficiency, as they aimed to remove them under 
the level of detection. The costs evaluation from the cases in Germany and Switzerland 
originates from the data based on the operation of full-scale treatment systems, what is not 
the case for our anode oxidation pilot plant. During the project, experiments at much 
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smaller level (flow capacity of electrolytic cells approx. 0.3 m3/h or 7.2 m3 of water per day) 
were done. So this is only an evaluation of the costs of bigger-scale systems. For a more 
precise assessment of the costs, experiences from a longer operation, using larger flow rates 
per day are needed. 
 
The pilot plant demonstrated in the project is constructed as a modular system in a 
transportable container with the automated operation. This allows for easy transport to the 
location of cleaning and low operating costs. 
 
Costs saving in drinking water treatment 

Improved outflows from wastewater treatment plants regarding reduced toxicity due to the 
removal of pharmaceuticals will result in the smaller need for further purification of drinking 
water and therefore cost savings. Proper treatment will also enable savings in the provision 
of industrial water, where poor water quality can result in incorrectly ongoing industrial 
microbial processes, poor quality or failure of the products, etc. 
 
Lower expenditures in medical costs 
The project addressed some topical environmental and ecological questions of the European 
area, which have a significant socio-economic importance. Our technological solution 
namely enables the solution of an important environmental problem that would otherwise 
be reflected in the deteriorating of the population health, thereby increasing the cost of 
medical treatment.  
 
Savings in maintenance of ecosystem services 
After all, proper water remediation also helps to maintain a healthy natural environment 
and all the associated ecosystem services. The proposed innovative technology will not only 
benefit the health of consumers but can strengthen the competitiveness of European 
industry in the water sector, which has a great market potential. The aim is to develop 
technologies with high added value that meets the specific needs of consumers in the field 
of public health and environmental protection.  
 

c) Long term / Societal benefits 
 
The remains of pharmaceuticals in water pose the main concern from human and animal 
health. In these concerns, positive effects on human and animal health can be expected 
with the potential of removal of these micropollutants from the sources of their occurrence. 
Further on, this preventive treatment measures result in fewer costs spent for water 
purification for drinking water, agricultural and industrial purposes, as well as fewer costs 
paid for medical care caused due to the toxic effect of micro-pollutants. With reduced 
presence of micropollutants as e.g. disruptive hormone agents in the environment, the 
health of the entire ecosystems can be improved and thereby preserved the ecosystem 
services that are fundamental to the existence of the society.  
 
Other important wider societal issues are the role in the case of the disasters (pollution 
events), energy use, the potential to adopting and mitigation to climate change, water 
resource management, water ecosystem management, agriculture and fisheries. Here, a 
high treatment capacity of electrochemical oxidation can be expected for the removal of 
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the most harmful and hardly degradable substances, as well as in the protection of 
freshwaters against harmful algal blooms and cyanotoxins. Highly efficient technologies for 
degradation of the most recalcitrant substances in water are increasingly searched in a 
situation of water scarcity and challenging provision of drinking water, which occurs among 
other things also as a result of climate changes. 

 
d) Continuation of the project actions by the beneficiary or by other stakeholders 
 
It is our strong belief that the research activity should not stop at achieving the LIFE+ goals of 
the present project. The activities should be continued with the emphasis on developing new 
reliable methods for quantification of the even greater number of bio-hazardous micro-
pollutants like the endocrine disruptors and new methods for their elimination either at the 
site of their entering the ecosystem or at the water treatment and production process. 
 
Each project partner, as well as together, will look for new financial opportunities for further 
research and development.  After presenting the achieved results, we will also start with the 
presentations of the technology and services at identified end-users (wastewater treatment 
plants, industries) for the first market replication of the technology.  
 
Arhel states that the pilot plant will not be sold or used for commercial purposes during 
the five years after the end of the LIFE PharmDegrade project. The pilot plant will be 
offered into test operation to end-users looking for solutions to remove micropollutants or 
other hardly degradable substances from their water. The facility will be offered into use 
free of charge. The user will cover the operational and needed maintenance costs. 
 
The developers of the ozonation and active carbon application in the 4th stages of wastewater 
treatment for micropollutants removal are looking for new ways in combining both systems 
to reduce the treatment costs and optimise the operation. It would make sense to test 
combined systems with anodic oxidation at a larger-scale system as well. The evaluation of 
the capacity to remove substances other than micropollutants within the 4th level of 
treatment is also necessary. Removal of phosphorus, nanoparticles and microbial pollution 
still represent a major problem and can also be solved with the application of electrochemical 
oxidation. The applicability of the technology on a larger scale would need to be also tested 
upon the ability to remove high concentrations of biologically hardly degradable substances 
on smaller water volumes, as it is the case in industry. 
 
Consequently, we clearly recognize the need for an additional LIFE project, which would allow 
us to continue to deliver new quality data to provide the means to monitor, and appropriately 
act on EU and local level with the aim to preserve one of our European civilizations’ greatest 
asset – the high quality and healthy drinking water.  
 
Additional descriptions about the continuation of the project activities are presented in 
ANNEX 17: After-LIFE Communication plan. 
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4.3 Replicability, demonstration, transferability, cooperation 
 
With the closure of the project, we will try to find additional financial support within the EU 
and national funding schemes for a larger demonstration project and a first market 
replication of the project directly at end-user.  
 
For more focused replicability of the technology – placement of WWTPs in strategic 
locations, a prior monitoring is proposed at: 

- Regions of constant high organic loads of treated waste water due to high population 
density 

- Sections of recipients, where the outflow from the municipal treatment plants 
represents a significant share of dry flow  

- Parts of the water sections, which represent drinkable water reservoirs  
- The locations, where the bigger outflow of micropollutants is expected. 

 
This would enable an identification of the key micropollutants, which are present in the 
environment, and facilitate determining the goals for their reduction or setting minimal 
treatment efficiencies, as well as setting priority list of installation of the fourth stage of 
wastewater treatment.  
 
Further applicability (transferability potential) of the proposed technology is foreseen in the 
field of other sources of persistent xenobiotic substances from different kind of effluents 
(industrial effluents, sewage, landfill leachate, concentrates after membrane treatment) 
when they occur as micropollutants or as prevalent pollutants in high concentrations. The 
applicability of the technology on a larger scale would need to be also tested upon the ability 
to remove high concentrations of biologically hardly degradable substances on smaller water 
volumes, as it is the case in the industry (pharmaceutical, chemical, textile). 
 
The results of the tests performed during the demonstration activities proposed the 
suitability to place the electro-oxidation as a pre-treatment step – improving 
biodegradability, as well as final treatment step in combination with other advanced 
treatment approaches. An important aspect of evaluating is also the assessment of the 
suitability of installing electro-oxidation on small sources of WW with expected elevated 
levels e.g. pharmaceuticals or on central WWTP. Besides treatment of WW, the technology 
shows high potentials also in water disinfection for drinking purposes or irrigation of plants, 
in the conditioning of water for the use in industrial processes (food industry, pharmacy), in 
disinfection of swimming pool water. From the ongoing LIFE Stop CyanoBloom project, a 
high potential of electrolytic cells with electrochemical oxidation is seen in the control of 
algae and cyanobacteria in aquacultures, in lake water and drinking water reservoirs, as well 
as in degradation of cyanotoxins in this waters.  
 
The technology of electrochemical anode oxidation for WW treatment has a potential for 
complete degradation of (recalcitrant) organic matter  and is therefore not only applicable 
for removal of trace substances in water like pharmaceuticals, but also other persistent 
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chemicals from industrial lines (dioxins, PCBs, furans, solvents, biocidal compounds, food 
additives, detergents), for decolouring of water and disinfection.  
 
We see it as a technology with a high potential in advanced treatment steps since several 
micro-pollutants in WW survive primary and secondary treatment stages. Advanced stages 
comprise the final, polishing treatment stage that allows for safe WW disposal and reuse. 
 
The application of the technology is not seen only in providing standards for the discharge of 
treated water into the environment, but also in cases of water recycling (e.g., irrigation in 
agriculture, fishery) and its reuse in the industrial process in closed-loop and zero-discharge 
systems. 
 
Arhel intends to file patent protection for individual components in the processes of 
implementation of electrochemical oxidation. Arhel will be in this case the owner of 
intellectual rights and will market the technology.  
A patent protection of wrought extraction and detection procedures of pharmaceuticals 
from water by the FFA has not been planned. 
 

4.4 Best Practice lessons 
 
The so far known best practices of the fourth stage of WWT for the removal of 
micropollutants in municipal WWTP are ozonation and use of powdered and granulated 
activated carbon. The cost calculations and monitoring of treatment efficiency performed 
within the LIFE PharmDegrade project show, that electrochemical oxidation proves a high 
potential to be applied as a best practice alone or in combination with existing advanced 
treatment technologies. 
 
It is known that all micro pollutants are not equally efficient removed by all advanced 
treatment technologies. Further studies are therefore needed to define, which technology or 
combination would provide the best solution in a given situation. The comparison of the 
costs of different advanced treatment technologies is currently also impeded by the inflow 
water composition. Higher organic loads demand greater usage of ozone and greater power 
for electrochemical oxidation as well as greater usage of active carbon. Cost determination is 
also hindered by the lack of legislation in this field or by the absence of defined limit values 
for pharmaceuticals in the effluents from the wastewater treatment plants. 
 
Improved analytical approach for simultaneous extraction and quantification of 
pharmaceuticals from complex wastewater matrices offer new best practice in the 
monitoring of pharmaceutical residues in water. Develop analytical approaches may lead to 
the listing of new pharmaceuticals of concern on the Watch List, which were not included 
until now, because of a lack of analytical methods for their isolation and quantification. 

4.5 Innovation and demonstration value 
 
A pilot plant with anode electrochemical oxidation as a final step in WW treatment has been 
installed at the existing wastewater treatment plant to treat the water in the real 
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environment. This has an important demonstration significance since very few records can 
be found on experiments or treatment demonstration with real water contaminated with 
pharmaceuticals. The majority of research from literature applying electrochemical oxidation 
has been done on synthetically prepared water mixtures in a controlled laboratory 
environment.  
 
The pilot plant involves several innovative elements in the segments of the power supply 
system, function of the control of the electrode activity and electrode self-cleaning function.  
 
The developed analytical method which utilises the semi-automatic 
extraction/preconcentration procedure and LC / MS quantification is a robust 
methodological platform with a great potential to be adapted to various additional types of 
pollutants. The analytical system was successfully validated and applied to a high number of 
samples, proving its robustness and usefulness in real life usage. 
 

4.6 Long term indicators of the project success 
 
Arhel will provide the regular monitor with the visits of the web page. Maintaining at least 
the current number of visits to the website (more than 50 visits to the website each month; 
increase the visits from other countries besides Slovenia) will be an indicator of the 
successful promotion of technology through the website. Both partners will endeavour to 
further promote the technology with scientific and professional publications in journals and 
presentations at conferences, fairs and other events (≥5 oral or poster presentation on 
different events in the next three years, at least one published scientific article). Both 
partners will cover the expenses from their resources.  
 
In the next five years, we expect to install the electrochemical oxidation by at least one end- 
user and continue with development work by at least one R&D project. 
 


