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2. List of key-words and abbreviations  
ČR – Czech Republic 

CVD – cardiovascular diseases 

DW – drinking water 

HBD – half burnt dolomite 

HS – health status 

MZ SR – Ministry of Health of the Slovak Republic/Ministerstvo zdravotníctva Slovenskej 

republiky 
MŽP SR – Ministry of Environment of the Slovak Republic/Ministerstvo životného prostredia 

Slovenskej republiky 

OD – oncological diseases 

PRIF – Faculty of Natural Science 

RR – re-carbonization reactor 

RÚVZ – Regional Public Health Office/Regionálny úrad verejného zdravotníctva 

SR – Slovak Republic 

STU – Slovak University of Technology in Bratislava 

ŠÚ SR – Statistical Office of the Slovak Republic/Štatistický úrad Slovenskej republiky 

UK – Comenius University in Bratislava 

US EPA – United States Environmental Protection Agency 

ÚVZ SR – Public Health Office of the Slovak Republic/Úrad verejneho zdravotníctva Slovenskej 

republiky 

3. Executive Summary 
The aim of the project is to improve the health status of the inhabitants of the Slovak 

Republic (SR) through re-carbonization (increase of Ca and Mg content) in drinking water. 

Calcium and magnesium in optimal doses are very important biogenic elements and 

necessary for human health. Residents who regularly drink water with their low content 

have shorter life expectancy (up to five years) and increased incidence / mortality for 

cardiovascular and oncological diseases, as well as for digestive and respiratory systems, 

diabetes mellitus and other diagnosis. 

In this project we will re-carbonize drinking water in two water sources in two 

municipalities, and subsequently we will monitor the improvement of the health status of 

people who started to drink water with increased content of calcium and magnesium mainly 

by measuring the arterial stiffness. 

Project will be realized in two municipalities in Slovak Republic. One of them is Devičie 

(302 inhabitants, the yield of the source is 11,000 m3.year-1) and the second is Kokava nad 

Rimavicou (3,000 inhabitants, the yield of the source 100,000 m3.year-1), (action B.2). 

At the beginning of the work, we performed laboratory tests of leaching of various 

carbonate rocks to optimize the re-carbonisation process (action B.3). Based on them, half 

burnt dolomite (HBD) under CO2 saturation was selected for the re-carbonization process. 

Subsequently, we used risk analysis to determine the minimum required content of Ca and 

Mg, by which we must increase the content of Ca and Mg in drinking water to eliminate 

the health risk of drinking water with a deficient content of Ca and Mg in both sources of 

drinking water (action B.1). 

We will re-carbonize the drinking water in both sources using fluid re-carbonization 

reactors (RR). A great advantage of fluid RR is the fact that the carbonate rock in 

suspension is permanently shaken so that the dissolution rate of the carbonate rock is many 

times higher than if water washed the carbonate rock. 

The first (smaller) reactor for the village of Devičie was built on 30/07/2020. We then 

performed an operational test (action B.5). The reactor is currently being many times tested 
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and optimized to minimize the amount of HBD and CO2 required. After multiple testing of 

the first reactor we had enough relevant knowledge for the construction of the second 

reactor for the village of Kokava nad Rimavicou. It must re-carbonize approximately 10 

times higher volume of drinking water. A tender for the production of the second reactor 

is currently in progress. The date of installation of both reactors into temporary operation 

is 30/06/2021, so there is a full assumption for its fulfilment on time (action B.6). 

In the autumn of 2020, we started measuring the elasticity of blood vessels (action B.4). 

Measurement of vascular elasticity is performed in two groups of respondents. One group 

of respondents are the residents supplied with "hard" drinking water (100 respondents). 

The second group are the residents who are supplied with "soft" drinking water (100 

respondents). Based on the preceding LIFE FOR KRUPINA project, we have confirmed 

that the arterial age of people who are supplied with "soft" drinking water is on average up 

to five years higher (i.e. worse) than for people who are supplied with "hard" drinking 

water. Respondents supplied with "soft" drinking water are from the village of Devičie and 

from the village of Kokava nad Rimavicou. We will monitor the same respondents (from 

the villages of Devičie and of Kokava nad Rimavicou) three times in 2021 and 2022, after 

the commissioning of the reactor, i.e. when they start to drink water with an increased 

content of Ca and Mg. In this way we will be able to monitor the expected improvement of 

their cardiovascular system. The overall improvement of the health status will be monitored 

and evaluated only in the stage after the end of the project on the basis of official health 

statistics (ŠÚ SR). 

During the implementation of the project, we had to slightly adjust the project schedule 

and work capacity of the research team for the COVID-19 pandemic. In terms of time the 

project is solved almost completely in accordance with the project schedule, all the main 

sub-objectives are fulfilled. It is a full assumption for meeting all project goals within the 

planned deadline. 

4. Introduction  
– Description of background, problems and objectives (as foreseen in the proposal) 

o For LIFE Environment & Resource Efficiency:  

 Environmental problem/issue addressed 

The issue of the impact of low-Ca and Mg in drinking water (DW) on human health has 

been known for more than 60 years. It was first described by Kobayashi (1957) on the basis 

of the increased incidence/mortality of cardiovascular diseases (CVD) by people supplied 

with DW low in Ca and Mg. In recent decades, this influence has been described and 

confirmed by a large number of papers and studies by various authors. Countless papers 

have been published to show that the deficit content of Ca and Mg in DW is reflected in 

the increased incidence/mortality of virtually all diseases, for example: cardiovascular and 

oncological diseases, diseases of the digestive and respiratory systems, diabetes mellitus 

and many others. 

This fact was confirmed in the SR also in the results of two previous projects – 

GEOHEALTH and LIFE FOR KRUPINA under the LIFE program. The life expectancy 

of people who are supplied with "soft" DW is five years shorter and their arterial age of 

blood vessels is also impaired by almost five years. 

 Outline the hypothesis to be demonstrated / verified by the project 

Our hypothesis – our goal is as follows. When health status (HS) worsens by people 

supplied with "soft" DW, improvement should come when people start drinking hard water. 

This is true in a very short period of time, several weeks to months in the case of people's 

cardiovascular system. 
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When people started to drink filtered water from various filtration devices based on reverse 

osmosis (actually distilled water is obtained), several of them had heart problems (mainly 

arrhythmia, fluctuating blood pressure, etc.) after just a few weeks. Therefore, 

improvement can be expected after only a few months at the latest. 

We will monitor the state of the cardiovascular system by measuring the elasticity of blood 

vessels and the arterial age of citizens in the village of Devičie and in the village of Kokava 

nad Rimavicou. We first measure the flexibility of the vessels before the carbonation of the 

DW and then three more times after the carbonation of the DW, at approximately half-year 

intervals. 

 Description of the technical / methodological solution 

Enrichment of DW by Ca and Mg will be carried out using a fluid RR. We have developed 

a prototype for this, the so-called Re-carbonisation reactor. A similar device has not yet 

been composed in the world. The advantage of a fluid RR is that the carbonate rock (HBD) 

is in the float, there is intense mixing, so the recovery of Ca and Mg from the rock is much 

more intense than if the water is simply flowing through the rock. In RR we will produce 

a concentrated solution containing approximately 150–250 mg L-1 Mg and Ca and we will 

dilute it directly into DW in water source. 

 Expected results and environmental benefits 

As the main expected direct measurable result and environmental benefit will be the 

improvement of the health status of 3,300 inhabitants in both municipalities (Devičie, 

Kokava nad Rimavicou) who start to consume DW with increased Ca and Mg content. The 

results achieved in the project will be directly used for Slovak residents and EU citizens, 

supplied with drinking water with a deficit content of Ca and Mg in DW. 

The Slovak territory as well as the EU territory is built of about 20–25% by silicate rock 

environment (granites, gneisses, andesites, basalts) that hosts low mineralized water. This 

low water mineralization in silicate rock environment is valid for groundwater as well as 

surface water including surface water reservoirs used for DW public supply. Thus we can 

conclude that about 20% of EU population is supplied by low mineralized waters and they 

are in health risk from deficiency of Ca and Mg in DW. 

– Expected longer term results (as anticipated at the start of the project) 

o LIFE Environment & Resource Efficiency: e.g. future contribution to the 

implementation, updating and development of European Union 

environmental policy and legislation, including the integration of the 

environment into other policies, replicability and transferability of 

demonstrated technology; market strategy and economic feasibility. 

About 20–25 % of the Slovak territory as well as the EU territory is built of silicate 

geological environment. In Slovakia about 1 million inhabitants and in the EU about 100 

millions of inhabitants are impacted in relation to consumption of DW deficient in Ca and 

Mg contents.  

Expected longer term result is the improvement of health and life expectancy in two 

municipalities of the SR with 3,300 inhabitants, where we will increase the Ca and Mg 

content in DW. These are the direct expected results. If our results are confirmed and our 

methodology is used in other DW sources as well as in other EU countries, our results will 

affect the health status of approximately 1 million Slovak citizens, supplied by "soft" DW 

and approximately 100 million residents living in the EU countries supplied by "soft" DW. 

Financial costs saved within the health care will every year severalfold exceed project 

costs. We are aware of the fact that we are not able to prove precisely this impact not even 

give relevant financial rate. 

This supposes, however, a change in legislation, the introduction of Ca and Mg among the 

regulated elements in DW standard. At the end of the project, after obtaining the results, 
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we will submit a proposal to amend the legislation on the Ca and Mg content. At least, we 

will require that these two elements will be regulated at least as recommended values. 

The first impacts of the project in Slovakia and the EU are as follows. After the organization 

of an international workshop (Recarbonisation of drinking water and anticipated health 

effects, 11/06/2019 Bratislava), attended by several Public Health Office of the Slovak 

Republic (ÚVZ SR) workers, including the competent person for the drinking water 

standard, the ÚVZ SR requested information from all water companies on the content of 

Ca and Mg in drinking water (Annex 3). In the spring of 2019, Mr. Kožíšek (international 

hygienist) submitted a proposal to include Ca and Mg as regulated parameters throughout 

the EU. As a result of this activity, the most recent EU Directive 98/83/EC makes the 

following reference to the health importance of Ca and Mg. 

In the currently completed revision of the EU Directive 98/83/EC, at least one qualitative 

requirement was added to replenish the content of minerals in water, the content of which 

was significantly reduced due to the treatment or conditioning: “This applies particularly 

to waters undergoing treatment (demineralization, softening, membrane treatment, reverse 

osmosis, etc.). Where water intended for human consumption is derived from treatment 

that significantly demineralizes or softens water, calcium and magnesium salts could be 

added to condition the water in order to reduce possible negative health impact, as well as 

corrosion or aggression of water and to improve taste. Minimum concentrations of calcium 

and magnesium or total dissolved solids in softened or demineralized water could be 

established taking into account the characteristics of water that enters these processes.”  

The main legislative objective of the project is to process a legislative proposal for the 

inclusion of Ca and Mg as regulated parameters in drinking water at the time of completion 

of the project. 

Replicability and transferability of demonstrated technology; market strategy and 

economic feasibility. 

These activities will only be addressed in the final stage of the project implementation, 

after both RR has been put into operation and after obtaining the data on the improved 

health of residents who have started DW enriched with Ca and Mg. 

5. Administrative part 
The overall project management and coordination was implemented from the very 

beginning in accordance with the rules of LIFE program.  

The project management was established on 30/11/2018 in accordance with the project 

proposal (milestone deadline 30/11/2018). Every month, consultative meetings for 

members of project team were organized. Only coordinators of individual activities 

participated in the consultation meetings. From 2020, after the outbreak of the corona crisis, 

only e-mail, telephone communication or, if necessary, negotiations took place only 

between the project manager and individual staff. Consultative meetings dealt with the 

evaluation of project progress and planning further tasks to be solved during next period. 

In February 2019, the Steering committee was established in terms of project’s plan 

(project milestone with deadline 28/02/2019). All related authorities including Ministry of 

Environment of the Slovak Republic, Ministry of Health of the Slovak Republic, Public 

Health Authority of the Slovak Republic, Water Management Research Institute and 

Comenius University (coordinating beneficiary) delegated their own representatives. The 

first sessions of the Steering committee were also organized according to planned project 

schedule (09/12/2019). The conclusions and recommendations of the Steering committee 

were also published at project website. In addition, monitoring report for the project twice 

a year are compiled by the project manager and published at the project website. 
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During the implementation of the project we had to make a number of operational changes 

in the working team. For health reasons, Mr. Bilanin replaced Mr. Ivanič and has been 

working as a main technologist since 01/07/2019 and Mr. Petrík as finance manager 

replaced Ms. Milackova since 01/09/2020. Regarding the quarantine due to the COVID-19 

virus and due to an older age of Mr. Derco (over 65, he only had to work from home and 

online), there were changes in the positions of senior constructor and designer, and junior 

constructor Mr. Dudas, who exchanged their positions. There was also an exchange of 

positions between the coordinator for water sources and the coordinator for health issues 

(Ms. Cveckova and Mr. Macek) on 01/07/2020. After consulting with the project monitor 

(Mr. Svoboda), an activist for Kokava nad Rimavicou was included in the research team 

(Ms. Krotáková, helping to organize information meetings for citizens, distributing and 

collecting questionnaires, etc.). We plan her capacity for 28 days, daily rate 80 €. Next 

year, we plan to add one more local water technologist 3 to the research team for Kokava 

nad Rimavicou. This village provides about 10 times more DW (approximately 100,000 

m3 per year) than in Devičie (11,000 m3 per year) and the operation of RR is much more 

demanding. We will cover the financial costs of these new positions from other items in 

the project budget. 

The project progress was regularly reported to the Commission in accordance with the 

project proposal. Progress report No. 1 was sent to the EC (30/11/2019). During the first 

two years of the project implementation, two monitoring missions (Mr. Svoboda) were 

carried out, on 13/05/2019 and 26/08/2020. All comments from the monitoring missions 

sent to us from the EC were taken into account and incorporated. 

During the project management process we did not face any serious problem that could 

affect negatively the project implementation and which we would not be able to solve 

operationally. All activities, milestones and deliverable have been fulfilled in terms of 

project schedule, except for the establishment of notice boards and the organisation of 

information meetings for citizens. These activities were only carried out in September 2020 

due to the corona crisis. However, this did not affect the overall solution of the project in 

any way. Due to the COVID-19 crisis, we had to repeat the selection procedures several 

times and adapt the involvement of individual staff in the project. Where appropriate, some 

activities of the project were carried out in advance (e.g. technical adaptations on water 

sources) and some activities slightly later (production of the second RR for the municipality 

of Kokava nad Rimavicou). The second RR will not be produced until 01/01/2021 as 

foreseen, but until 01/03/2021. This will not endanger its commissioning date 

(30/06/2021). 

The project was implemented only by coordinating beneficiary without any partnerships. 

The communication with the Commission and Monitoring team was always very correct. 

All recommendations and remarks of the Commission were appropriate and valid for the 

successful project implementation within the rules of LIFE programme. All comments, 

recommendations and requested explanations were included in the respective project. 

Similarly, the project monitor (Mr. Svoboda) was always supportive and helpful and we 

highly appreciated the comments and advices he readily provided us during the whole 

period of the project implementation. 

There have been no major changes in the project and it is in progress in sense of the Grant 

Agreement. The following table lists the members of the research team and a proposal for 

new positions in the project. 

 

 

 



 9 

NAME FUNCTION 

Doc. RNDr. Stanislav RAPANT, DrSc. Project manager 

Mgr. Veronika CVEČKOVÁ, PhD. (09/2018–06/2020) 

Mgr. Juraj MACEK, PhD. (07/2020–) 

Assistant of project manager, Coordinator for 

water sources 

Mgr. Juraj MACEK, PhD. (11/2018–06/2020) 

Mgr. Veronika CVEČKOVÁ, PhD. (07/2020–) 
Coordinator for health issues 

Ing. Mária LETKOVIČOVÁ, CSc. Senior biostatistician 

Prof. RNDr. Beáta STEHLÍKOVÁ, CSc. Senior statistician 

Ing. Jozef IVANIČ (10/2018–06/2019) 

Ing. Marián Bilanin, PhD. (07/2019–) 
Main technologist 

Prof. Ing. Ján DERCO, DrSc. (10/2018–12/2019) 

Doc. Ing. Jozef DUDÁŠ, PhD. (01/2020–) 
Senior constructor 

Prof. RNDr. Edgar Hiller, PhD. / doc. RNDr. Ján 

MILIČKA, CSc. 
Coordinator for dissemination 

Ing. Martin VRÁBEĽ (03/2019–07/2020) 

Prof. Ing. Ján DERCO, DrSc. (08/2020–11/2020) 
Junior constructor 

Doc. Ing. Jozef DUDÁŠ, PhD. (02/2019–12/2019) 

Prof. Ing. Ján DERCO, DrSc. (02/2020–07/2020) 
Designer 

MUDr. Viktor KOSMOVSKÝ Slovak hygienist 

MUDR. František KOŽÍŠEK, CSc. International hygienist 

Mgr. Miriam MILÁČKOVÁ, PhD. (03/2019–08/2020) 

Ing. Vladimír Petrík (09/2020–) 
Financial manager 

Mgr. Pavol ŠKOJEC Coordinator for website 

New positions  

Janka KROTÁKOVÁ Activist Kokava nad Rimavicou 

Will be appointed later 
Local water technologist 3 (Kokava nad 

Rimavicou) 

6. Technical part 
6.1 Technical progress, per Action 
Action B.1 Risk analyses 

Foreseen start date: 01/10/2018  Actual start date: 01/10/2018 

Foreseen end date: 31/12/2019  Actual end date: 31/12/2019 

For the needs of the project solution and for the determination of the minimum required Ca 

and Mg content in treated sources of DW, a new methodology of risk analysis for the 

deficient content of biogenic elements was developed. 

The US EPA health risk assessment method is currently widely used to assess human health 

risks for many environmental constituents. It is used for risk assessment from the exposure 

to various contaminants exceeding tolerable or safe reference doses, determined e.g., for 

drinking water, soil, air and food. It accepts widely that excess contents of non-essential 

elements (e.g., As, Pb or Sb) in environmental compartments represent a general risk to 

human health. However, contrary to toxic trace elements, deficient contents of essential 

(biogenic) elements e.g., F, I, Se, Zn, Fe, Ca or Mg may represent even higher health risk. 

Therefore, we proposed to extend the human health risk assessment by calculating the 

health risk for deficient content and intake of essential elements, and to introduce the terms 

Average Daily Missing Dose (ADMD), Average Daily Required Dose (ADRD) and 

Average Daily Accepted Dose (ADAD). We proposed the following equation to calculate 
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the Hazard Quotient (HQ) of health risk from deficient elements: HQd = ADRD/ADAD. 

At present, there are no reference concentrations or doses of essential elements in each 

environmental compartment in world databases (Integrated Risk Information System IRIS, 

The Risk Assessment Information System RAIS). ADRD and ADMD can be derived from 

different regulatory standards or guidelines (if they exist) or calculated from actual regional 

data on the state of population health and content of essential elements in the environment, 

e.g., in groundwater or soil. The detailed methodology of risk analysis for deficit elements 

is elaborated as a short report (Risk analysis), and it is available on the project website. 

Based on the risk analysis, we calculated the minimum required amount of Ca, Mg, or 

hardness of water for which we must re-carbonize DW in two municipalities in the SR, 

namely in the village of Devičie and in the village of Kokava nad Rimavicou. 

 

Table: Target values Ca and Mg for the re-carbonisation of drinking water in the village 

of Devičie and Kokava nad Rimavicou. 

Devičie Kokava nad Rimavicou 

Ca Mg (Ca+Mg) Ca Mg (Ca+Mg) 

[mg L-1] [mg L-1] [mmol L-1] [mg L-1] [mg L-1] [mmol L-1] 

35–40 16–21 1.5–1.6 25–30  14–16  1.1–1.3  

 

This action was completed in accordance with the project schedule (21/12/2019). The 

methodology of risk analysis for deficit elements was developed by the research team under 

the leadership of the project manager. This is a new original methodology that extends the 

risk analysis introduced by the US EPA to deficit risk. The methodology was published in 

an international peer-reviewed journal and is fully expected to be used to determine the 

degree of health risk from the deficit in other countries around the world. 

 

Action B.2 Selection of two drinking water sources for water re-carbonization 

Foreseen start date: 01/11/2018  Actual start date: 01/11/2018 

Foreseen end date: 01/06/2019  Actual end date: 30/06/2019 

For the purpose of the project two water sources were selected for the re-carbonization of 

DW, namely: water source supplying residents in the village of Devičie (302 inhabitants, 

according to the project, there should be at least 250 inhabitants) and the water source for 

the municipality of Kokava nad Rimavica (3,000 inhabitants, there should be at least 2,500 

inhabitants). 

The water source Devičie (Fig. 1) is a hydrogeological well approximately 60 m deep. 

Water pumped from this well is conducted to the reservoir, which supplies the inhabitants 

of the village. The average annual water consumption is approximately 11,000 m3. Daily 

water consumption is approximately 30.1 m3. Consumption fluctuates according to the 

annual period. It is higher in the summer months and lower in the winter months. The 

average daily amount of water consumed is approximately 0.35 L s-1. In addition to the 

inhabitants of the village, from the water source is supplied also the local cooperative farm, 

mainly livestock production, breeding cows. 

 
Fig. 1 Water source Devičie 

(photo: Cvečková, 2018). 

 

 

 

 

 



 11 

The water source Kokava nad Rimavica (Fig. 2) is potable water from the water reservoir 

of Klenovec. After pre-treatment and disinfection it is led by pipeline to the local water 

reservoir in the village Kokava nad Rimavicou. The reservoir in the village Kokava nad 

Rimavicou is supplied by water quantity according to the current consumption. The annual 

average water consumption is approximately 100,000 m3. In the summer months it is 

approximately 15% higher than in the winter months. The average amount of water 

consumed is therefore approximately 3.0 L s-1. 

The water source for the municipality of Kokava nad Rimavicou is the surface water 

accumulated in the Klenovec water reservoir. The rock environment of the accumulating 

area of the Klenovec water reservoir is built almost exclusively by the silicate rocks of 

Paleozoic age. These are mainly low-metamorphosed rocks (schists, slates) and a smaller 

part is built by various other granite rocks. 

 

 

 

 

 

 

 

 

 
Fig. 2 Water source Kokava nad Rimavicou 

(photo: Cvečková, 2019) 

 

 

 

 

 

The hydrogeochemical regime of both water sources is relatively stable. In the spring 

months during the melting of the snow is observed a slight dilution – i.e. lower content of 

the chemical elements and in the longer period without precipitations there is an increase 

in total water mineralization. However, these changes are always less than 10%. 

 

The most important results of the chemical water composition from water sources are given 

in Table. 

Table: Chemical composition of water 

pH 
Conductivity Mineralization (Ca+Mg) Na K Ca Mg Cl SO4 NO3 NH4 

[mS m-1] [mg L-1] [mmol L-1] [mg L-1] 
[mg . l-1] 

[mg . l-1] 
DEVIČIE 

7.1 280 320 1.15 12.6 4.6 30.0 10.2 3.6 4.5 4.19 187 

KOKAVA NAD RIMAVICOU 

8.0 140 135 0.62 10.8 3.5 19.1 3.52 3.5 14.2 6.2 75.1 

 

The chemical composition of both waters is characterized by very low to no degree of 

pollution. The contents of NO3, Cl, SO4, NH4 and other components are very low, 

significantly lower than the limit values of the Slovak drinking water standard (MZ SR 

Decree no 247/2017 Z. z.). Also the content of potentially toxic elements is very low, 

considerable below the standardized values of the Slovak drinking water standard. 
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The characteristics of both DW sources were elaborated as a short report (Detailed 

hydrogeochemical and quantitative characteristics of the selected water sources for 

recycling) and is available on the project website. 

Water resources were selected by the coordinator for water sources Mrs. Cvečková. The 

necessary data of chemical analyses from potential water sources were provided by Slovak 

hygienist (Mr. Kosmovský) and by main technologist (Mr. Ivanič). For both water sources, 

the project manager secured preliminary approvals for the commissioning of the RR from: 

a) the owner of the water source, 

b) the water source operator 

c) the relevant regional public health authority. 

There were no serious problems in solving this activity that we would not be able to 

successfully solve. 

This activity was completed in accordance with the project schedule (30/12/2019). 

 

Action B.3 – Laboratory tests 

Foreseen start date: 01/01/2019  Actual start date: 01/01/2019 

Foreseen end date: 31/01/2020  Actual end date: 31/01/2020 

Based on extensive laboratory tests, HBD was selected as the rock for re carbonization and 

food CO2 as the oxidizer (to accelerate the reaction). Laboratory tests were performed in 

two stages. In the first stage, the reaction materials were selected and in the second, long-

term stage, (one month) laboratory tests were performed to determine the required amounts 

of HBD and CO2 for enrichment of DW in two water sources to the level of content 

determined from risk analysis. Laboratory tests were performed in accordance with the 

project schedule. Based on the tender, they were implemented by STU in Bratislava. The 

main results, important for further work on the project, are the following: 

1. In RR, the Ca and Mg concentrate with a Ca content of approximately 50–100 mg L-1 

and the Mg content with a concentration of approximately 150–250 mg L-1 will be 

produced. 

2. The concentrate will be diluted directly into the water source in a ratio of approximately 

1:20. 

3. The minimum amounts needed to increase the Mg content in DW with a water source 

yield of 1 L s-1 is HBD 1,000 kg year-1 and CO2 2,190 kg year-1. 

The results of laboratory tests are presented in detail in a short report (Ca and Mg extraction 

from rocks: Laboratory tests) available on the project website. An international workshop 

Re-carbonization of drinking water and expected health effects was organized within this 

activity (11/06/2019). The date of the workshop was 11 days later than the project schedule 

due to the fact that several lecturers are teachers from universities were available only after 

the end of the semester. At the end of the workshop, all participants stated the high 

professional level of the workshop and the full assumption of the re-carbonisation of DW 

in two municipalities in the SR. The deadline for deliverables Book of abstract from 

workshop was met (30/06/2019). 

The most important result of this action is the determination of rock type (HBD) and 

oxidizing agent (food CO2) for the re-carbonization process. Basic characteristics of both 

materials are available on the project website as a short report (Certificate lists for rock 

materials used for drinking water re-carbonization). 

There were no major issues with this action. The action was successfully completed on 

31/01/2020. 
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Action B.4 – Biomonitoring 

Foreseen start date: 01/08/2019  Actual start date: 01/08/2019 

Foreseen end date: 31/12/2020  Actual end date: 01/04/2021 

In the course of this action there are two specialized rounds of works. First, it is sampling 

and analysis of local vegetables samples for the contents of Ca, Mg and SiO2 and then there 

is arterial stiffness measurements in two groups of 100 inhabitants, who consume water of 

various hardness.  

Vegetables samples were taken, analysed and the results are currently nearly all interpreted. 

However, our assumption that vegetables which grew in soil with high contents of Ca and 

Mg do have higher contents of those elements has been proved to be wrong. 

Measurement of arterial stiffness of inhabitants was assigned to a subprovider organisation. 

The selection procedure had to be repeated because of the difficult situation that came with 

the spread of the coronavirus. The selection procedure is now complete and in September 

2020 the works have begun. Respondents (which are being supplied with "soft" water) 

were chosen only from the municipalities of Devičie and Kokava nad Rimavicou in order 

to get preliminary control results before the re-carbonisation of drinking water.  

Because of the COVID-19 pandemic and the state of emergency declared by the SR 

government we had to interrupt arterial stiffness measurements. The organisation taking 

the measurements is in quarantine. To this day we have completed only 23 measurements 

of inhabitants who are being supplied with "hard" water. After the informational meetings 

at Devičie and Kokava nad Rimavicou we have written permissions to take measurements 

for arterial stiffness from 110 respondents. We presume that this situation will get better, 

at latest, half a year from now, and that the measurements will be taken in time according 

to the project. In order to fulfil the aim of the project, we have more than one year to finish 

the measurements in respondents drinking "hard" water, and eight months for the 

respondents that drink "soft" water. In the contract (with the organisation taking the 

measurements) it is stated that the time of taking arterial stiffness measurements may be 

prolonged due to development of COVID-19 situation. 

The work on this action will be prolonged according to the development of COVID-19 

pandemic. A short report (Methodology and results of measurements of arterial stiffness) 

was completed as a deliverable in terms of a schedule of the project 31/01/2020. We 

assume that the delay (approx. six – ten months) will not affect reaching the aim of this 

project. Expected date of completing this action will be 01/04/2021. 

 

Action B.5 – Construction on prototypes 

Foreseen start date: 01/12/2018  Actual start date: 01/12/2018 

Foreseen end date: 30/06/2021  Actual end date: 30/06/2021 

Development and construction of the two RR prototypes for re-carbonisation of DW runs 

in the course of this action. It is a very difficult, innovative work. So far, fluid RR has not 

been constructed anywhere in the world. According to the project, we were to produce both 

reactors (for the both Devičie and Kokava nad Rimavicou municipalities) at the same time 

at the completion date 01/01/2021. The construction of the two prototypes was modified 

subsequently. First, we set to get done a smaller RR for Devičie municipality. The RR was 

assembled by specialist from STU Bratislava according to the selection procedure. The 

deadline for completing the first RR was to the date of 30/02/2020. Because of the COVID-

19 pandemic the work was prolonged twice and the reactor was made 30/06/2020. On this 

reactor there was a one month laboratory test carried out. In the following table we present 

the most important results from the pilot test (full version is available on the website of the 

project Re-carbonization testing in semi-operating conditions). 
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Table: Summary evaluation of the pilot test 

 

 

 

 

 

 

 

 

 

 

The RR is still being tested and optimised for its efficiency, most importantly consumption 

of CO2. The diffusors were exchanged in order to improve dispersion and minimise the 

consumption of CO2. There is also a premise of further consumption of residual CO2 

(approx. 0.2 g L-1) for dissolving micro particles in a water reservoir and plumbing. We are 

testing several varieties of HBD, e.g. brands like Semidol, Magnodol and a Slovak product 

PVD as well. 

Based on the results from the first RR a design for the second RR for Kokava nad 

Rimavicou water source was executed. The second RR has to be ten times more efficient 

as its capacity will be approximately 100,000 m3 of water per year. The first RR was 

transported to Devičie water source in October 2020 and it is ready for operation according 

to the project schedule (30/06/2021). 

In terms of the selection procedure, the second RR is set to be made until 03/2021, so it is 

assumed that the temporary operation will be initiated (30/03/2021). 

This action is progressing in terms of the project schedule. The first RR was made in a 

seven month advance. The second RR will be made with two to three month delay. This is 

caused mainly by the COVID-19 pandemic and we were not able to run the tests in the 

spring 2020. However, it is strongly presumed that this action will be completed according 

to the scheduled deadline (30/06/2021). 

 

 

 

 

 

 

 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Fig.: Fluidization re-carbonization reactor (Devičie 

Reaction time 3 day 

Water inflow to the RR 120 L hod-1 

Outflow Mg 17.67 g hod-1 

Outflow  Ca 11.99 g hod-1 

Total production Mg 14.43 kg 

Total production Ca 9.79 kg 

Added HBD 65 kg 

Efficacy of treated HBD 84.3 % 

Efficacy of treated CO2 60.21 % 

Consumption of HBD per 1 year (Devičie) 750 kg 

Consumption of CO2 per 1 year (Devičie) 820 kg 
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Action B.6 – Installation of two prototypes into testing operation 

Foreseen start date: 01/07/2021  Actual start date: 01/06/2020 

Foreseen end date: 30/06/2022  Actual end date: 30/06/2022 

Within the scope of the action both prototypes will be put into testing operation according 

to schedule 30/06/2021. Both water sources are needed to get ready for the installation of 

RR in order to fulfil every technical and safety requirement. We began this activity in 

advance (01/06/2020). Our capacities were moved in order to take care of it. At both water 

resources there were several technical modifications and corrections needed. At the Devičie 

water source it was necessary to get a permanent electrical network (connection line was 

approx. 250 m). It is essential because the solar collectors cover the electricity expenditure 

at approximately 75% rate and in winter months additional source of electricity from a 

stable source is needed. In terms of safety it was necessary to strengthen the floor of the 

water tower, so that it could withstand additional mass of 1,000 kg (reactor and collector 

tank). It was also necessary to build a new entrance to the water tower floor, a ladder and 

several supporting constructions. At the Kokava nad Rimavicou water source several 

supporting technological constructions to the existing plumbing and abutments for the 

reactor, collector tank, pumps, etc., are needed. It is also important to stabilize the terrain 

under the water tower, where the bottles with CO2 will be placed. Technical modifications 

at the Devičie water reservoir are finished on 20/10/2020 and the water reservoir is ready 

for installation of the reactor. In the spring of 2021 the solar collectors will be installed at 

the Devičie water source in order to provide electricity. In the case of the Kokava nad 

Rimavicou water source all the modifications will be in process in spring months of the 

year of 2021, so that everything is prepared for installation of RR for a testing operation on 

the date of 30/06/2021. We plan to incorporate solar collectors at this water source as well. 

At both water reservoirs it is needed to install a control system for possible CO2 escape (in 

case of an accident) and ensure suction of CO2. At the Devičie water source this is already 

installed. 

Because of the COVID-19 pandemic we were able to proceed with this action in advance, 

as we could not have resolved other activities. Although there was an abundance of small 

technical difficulties, all of them are now solved. It is assumed that all the engineering and 

technological modifications will be complete before the installation of RR for the testing 

operation according to the schedule. In the process of this action there were no significant 

complications that we were not able to solve. 

 

Action B.7 – Installation of two prototypes for water re-carbonization into continuous 

operation 

Foreseen start date: 01/04/2022  Actual start date: 01/04/2022 

Foreseen end date: 31/12/2022  Actual end date: 31/12/2022 

This action is yet to be solved in the year of 2022. 

 

Action C.1 – Monitoring of Ca and Mg contents in re-carbonized drinking water sources 

Foreseen start date: 01/04/2021  Actual start date: 01/06/2020 

Foreseen end date: 31/12/2022  Actual end date: 31/12/2022 

The beginning of this activity was planned for the date of 01/04/2021. Because of the 

previous bacterial contamination in Devičie water source we began to deal with this earlier. 

The reason for this was the demand for long-term knowledge about the chemical 

composition and bacterial arise of this DW, so that we could rule out any negative effects 

of re-carbonisation of DW on the bacterial content. Monitoring of Ca and Mg contents in 

Kokava nad Rimavicou will begin at a scheduled term of 01/04/2021. 
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Action C.2 – Monitoring of the health impact of the project actions 

Foreseen start date: 01/07/2021  Actual start date: 01/07/2021 

Foreseen end date: 31/12/2022  Actual end date: 31/12/2022 

This action will be tackled by the time of the year 2021, after the start of re-carbonisation 

process of the DW in water sources. 

 

Action C.3 – Monitoring of the socio-economic impacts of project actions 

Foreseen start date: 01/02/2020  Actual start date: 01/02/2020 

Foreseen end date: 31/12/2022  Actual end date: 31/12/2022 

Within this activity the performance indicators related to the societal and economic outputs 

were updated (21/05/2019) in the summary table of the project performance indicators. 

There have been no changes since then. Changes in behaviour of inhabitants and their 

higher awareness about the issue of waters with low hardness and its effect on human health 

will be observed through questionnaires (100 inhabitants from each municipality). The first 

questionnaire (200 pieces) were given out in both of the municipalities during the 

informational meeting in September 2020. We have approximately 80 questionnaires filled 

out from each municipality so far. It is estimated that all of the needed 200 questionnaires 

and their evaluation will be complete until January 2021. Questionnaires will be evaluated 

in the form of a short report and published on the website of the project. 

 

C3.1 Societal and economic output 

In terms of this action every governmental organisation with the competence in health of 

the inhabitants (ÚVZ SR, RÚVZ Zvolen and RÚVZ Lučenec) were informed about this 

project and its importance for inhabitants. This fact was communicated in agreement with 

the installation of RR (into testing operation). Several water companies were informed 

about the significance of this project. Two relevant water companies welcome our intent to 

re-carbonise DW and they requested our preliminary results.  

The public in both municipalities was during the informational meetings (lecture, 

discussion, leaflets, notice boards) informed about the project and its importance for human 

health as well. The informational meetings included not only inhabitants from mentioned 

municipalities but also people from neighbouring villages. 

There were three broadcasts in state televisions. Further information spread about the 

project is in process in form of the website of the project. 

Several articles and lectures were made, yet the COVID-19 pandemic caused the delay of 

further television broadcasts and newspaper articles. 

 

C3.2 Networking 

We have not found any projects or specialists in the world that would solve the issue of 

this project – drinking water re-carbonisation and tracing health effects depending on 

content of Ca and Mg in DW for human health. We are in contact with all of the specialists 

who study the issue from the theoretical viewpoint. All the specialists receive our 

Newsletters. The Newsletters are also sent to all participants in foreign conferences in 

which we participated. It is also sent to the members of Environmental Geochemistry and 

Health association (project manager was a committee member in the past). In summary, 

there are over 500 specialists, who are receiving the Newsletters. 

After the placing of reactor to testing operation we will organise an excursion for the ÚVZ 

SR and all the water companies in order to introduce the RR. 
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Action C.4 – Monitoring of the LIFE-cycle assessment 

Foreseen start date: 01/07/2020  Actual start date: 01/07/2020 

Foreseen end date: 31/12/2022  Actual end date: 31/12/2022 

In terms of this action a RR environmental cost will be evaluated in two aspects, in two 

phases. At first, there will be a cost for manufacturing and transport of the RR and then 

there will be rated cost for the operation of both of the RR. We addressed several companies 

engaged in this issue. After completion of the second reactor we will have enough material 

for the first phase processing. Then we will open a selection procedure for the provider of 

the works. Base for the second phase processing will be after the evaluation at least half a 

year operation. Then we will be able to state necessary amount of CO2 and HBD for the re-

carbonisation process. We assume that in terms of solving this action there will not be any 

severe problems and that this activity will be solved in terms of the project and according 

to the schedule. 

 

Action D.1 – Dissemination management and communication activities for general public 

and stakeholders 

Foreseen start date: 01/03/2019  Actual start date: 01/03/2019 

Foreseen end date: 31/12/2022  Actual end date: 31/12/2022 

The most important target audience is resident population living in two municipalities in 

which we will re-carbonize drinking water. Other target audience include all inhabitants of 

the SR living in the silicate environment and supplied by soft DW (about 1 mil. 

inhabitants). 

Results of the project will however relate to approx. 20% of residents of the whole EU, 

who are being supplied with “soft” drinking water. 

In order to spread the results we use several methods, mainly: 

 informational meetings for residents, 

 television broadcasts, radio programmes, newspaper articles, 

 extensive lecture activities, 

 processing of numerous professional articles published in Slovak and international 

journals, 

 presentations of aims and results of the project on Slovak and foreign conferences, 

seminars, workshops, 

 website of the project, 

 notice boards. 

We did not fulfil the organisation of informational meetings, nor put up notice boards in 

two municipalities according to the project schedule (15/09/2019 and 31/05/2020). As we 

informed the EC in Progress report 1, mayors of the municipalities requested us to set them 

up one week prior to the meeting. The date of informational meetings had to be rescheduled 

three times due to the COVID-19 pandemic. Finally we managed to organise the meeting, 

the last day before the ban of all mass events by the SR government. The informational 

meeting in the Devičie municipality was held on 24/09/2020. At the meeting there were 42 

home residents and several other people from the neighbouring area. Another approx. 20 

people participated by distance form. We gave out more than 100 leaflets about the projects 

and we explained the issue to all the participants. Informational meeting in Kokava nad 

Rimavicou municipality was held on 30/09/2020. There were 60 participants and other 

approx. 20 residents attended by distance form. From the informational meeting in Kokava 

nad Rimavicou a television broadcast was made by the state television TA3. Despite some 

of the sceptics, residents of the municipalities welcomed the project and gave their 

agreement with re-carbonisation of their DW.  
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All residents of the Slovak republic received information about the project in four 

television broadcasts by the state television (3 broadcasts in TV Markíza and 1 broadcast 

in TA3). So far, one newspaper article has been published in regional newspapers (MY 

Zvolensko-podpolianske noviny). Other newspaper articles and TV shows about the 

project had to be rescheduled because of the COVID-19 pandemic. We assume that after 

the RR commissioning and taking the arterial stiffness measurements of the people, who 

started to drink DW enriched with Ca and Mg, several media will address us and further 

broadcasts will take place. There was an exceptionally positive feedback to a whole-

university lecture of the project manager about the issue of water hardness and its impact 

on human health, which was held on 02/10/2020. Roughly 300 students of the Comenius 

University in Bratislava watched it via distance form. The issue of the project is being 

regularly communicated to students of geochemistry and environmental science at the 

Faculty of Natural Sciences of the Comenius University. We answer every e-mail and 

telephone questions concerning the project. 

We do not have the possibility to directly reach the general public in EU. The only option 

to present the aims and results of the project is through international conferences and 

publishing our results in international current journals. 

All of the events carried out in the framework of this activity are available on the project 

website. List of these activities is in the supplementary (Annex 4). 

The notice board at the beneficiary organization was put up according to the project 

schedule on 01/02/2019 and the notice boards in the two municipalities (with the re-

carbonised DW) were set up on 20/09/2020. 

This action is in process according to the project. There is a premise of its full completion 

in terms of the project except for the partial limitations due to the COVID-19 pandemic.  

 

Action D.2 – Dissemination of research findings and knowledge transfer among scientific 

community and concerned authorities 

Foreseen start date: 01/01/2020  Actual start date: 01/12/2018 

Foreseen end date: 31/12/2022  Actual end date: 31/12/2022 

In terms of this activity the dissemination of aims and results of the project is in process 

among scientific community and concerned authorities. This activity has begun 13 months 

in advance, so that we could spend more time to inform about our aims and results of the 

project. All concerned authorities, MŽP SR, MZ SR, water companies, etc., have their 

representative in the Management committee. The representatives of listed organisations 

were invited to an international workshop, which was organised in terms of the project (Re-

carbonisation of the drinking water and presumed health effects, 11/06/2019). Topic of the 

workshop aroused an exceptionally great interest in the professional community and there 

was an attendance of 52 specialists from 17 various organisations from Slovak and Czech 

Republic (originally meant for 20–25 participants). The participants stated a high 

professional level of the workshop and also the aims of the project. 

During the years 2018–2019 we participated in three Slovak (GEOCHEMIA 2018, 2019 

and XXVII. Scientific and professional conference ŽIVOTNÉ PODMIENKY 

A ZDRAVIE, 2019) and two foreign (35th International SEGH conference, Manchester, 

United Kingdom, 2019 and International Conference on Food Science and Nutrition, 

Roma, Italy, 2019) conferences, where the aims and partial results were presented to the 

environmental-geochemical and hygienic-epidemiological professional public. At each of 

the listed events we had several presentations in the form of lectures and posters. Their list 

is in supplementary (Annex 4). All of the presentations are available on the project website. 

We processed several professional articles, from which we would like to highlight four of 

the articles published in international impact journals (the project assumed three). Then we 
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made a university textbook Applied Medical Geochemistry (2019), which serves to the 

students of PRIF for education purposes.   

The transfer of project results to other EU countries will be managed by international 

hygienist (Mr. Kožíšek). He regularly participates in the workshops, training programmes, 

seminars for different health authorities form the EU countries. He is authorized to 

comment WHO (World Health Organisation) guidelines for drinking water under the 

revision process. His main role is to mobilize respective health authorities from other EU 

countries and WHO through presentations, written proposals etc. and to promote the use of 

the achieved results within legislative actions of WHO. In the final phase of the project we 

will prepare a legislation proposal for inclusion of Ca and Mg to the regulated parameters 

for DW standards. Equivalent task in SR has Slovak hygienist (Mr. Kosmovský). 

The project website was made on time (01/02/2019) according to the project schedule. In 

this time of Mid-term report submission, we have documented nearly 3,000 visits to this 

website. 

In the course of this action we do not assume any severe complications we would not be 

able to solve. Due to the COVID-19 pandemic, participation in home and foreign 

conferences is problematic. This is also the reason we are focusing more on publishing our 

results in international journals.  

This action is addressed according to the schedule and professional aims of the project. 

 

D2.1 Networking with other projects 

To this day we were not able to find any project that would tackle similar issue as our 

project. Even though some water companies use HBD for partial water quality 

improvement, mainly for lowering the acidification of water, they keep the results to 

themselves and they do not make them publicly known. We believe that after publishing 

our results on the project website we can overcome this barrier and more water companies 

will reach out and we will be able to create a networking group. Our networking activities 

are only in the stage of spreading our knowledge to the broad professional public. Prepared 

Newsletters from the project are sent to all participants of conferences we attended, also to 

the members of Environmental Geochemistry and Health association and also to all the 

professionals dealing with the issue of deficiency effect of Ca and Mg contents on human 

health. We send the Newsletters to approx. 500 specialists. 

 

Action E.1 – Project administration, management and planning 

Foreseen start date: 01/09/2018  Actual start date: 01/09/2018 

Foreseen end date: 31/12/2022  Actual end date: 31/12/2022 

 

E.1.1 Project administration and management 

The project is administrated and managed in accordance with the rules of the LIFE program 

from the beginning. According to the project schedule, project team and Steering 

committee was set up. 

The project includes technical and administrative staff with project manager as leading 

authority. 

Technical project staff consists of four key employees, including following positions: 

 Coordinator for water sources, 

 Coordinator for health issues, 

 Coordinator for technology, 

 Coordinator for dissemination. 
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These four basic project staff members are employees of the coordinating beneficiary PRIF 

UK and they have special employment contracts for the project implementation. The rest 

of project team members will be contracted only temporally as additional staff.  

Since the project team is relatively small (less than 20 members), some of the above 

mentioned four key employees will hold two functions and will be responsible for the 

implementation of several project actions. 

There were several changes in the project team due to various reasons, mainly health 

reasons. These changes are listed in a table in Chapter 5 (Administrative part). 

In 2018–2019, the project team met regularly as needed. As the works are of a diverse 

nature, the project manager and the assistant project manager met with different experts at 

least once a month. Most communication took place electronically and by telephone. 

Due to COVID-19 pandemic situation, we have had a problem with the implementation 

and management of the project since spring 2020. We carried out all the works much 

longer, we had to extend contracts, repeat tenders and so on. During the COVID-19 

pandemic (almost three spring months), we worked mainly in the form of home office. 

Operationally, we had to work on some activities. We had to stop some activities and start 

solving some in advance of the project schedule. 

Also due to age limitations (Prof. Derco, originally as a senior constructor, is over 65 years 

of age and could not work during the corona-crisis), we had to change individual positions 

on the project – we replaced positions between the senior constructor, the designer and the 

junior constructor. We ensured the smooth continuation of work with these position 

replacements. We included a new position in the project team (after consultation with the 

external monitor) – an activist for the municipality of Kokava nad Rimavicou (Ms. J. 

Krotáková), who helped us with organizing a meeting in Kokava nad Rimavicou and with 

the distribution and collection of questionnaires. We also propose to include another local 

water technologist for the municipality of Kokava nad Rimavicou in the project team. The 

Kokava nad Rimavicou water source is approximately 10 times larger than the water source 

in the municipality of Devičie, so work with the RR service is much more demanding. 

At the time of implementing the project, the salaries were increased three times – 

valorisation (Regulation of the Government of the Slovak Republic) in public organisations 

in the Slovak Republic, which the beneficiary organization – UK and the project must 

respect. The following salary valorisation took place: 01/09/2018 increase by 4%, 

01/01/2019 increase by 10%, and 01/01/2020 increase by 10%. There has been also an 

increase in holidays in public organizations by 15 days (from 30 days to 45 days) since 

01/01/2019, which resulted in the increase of personnel costs by 2%. These changes have 

been solved so far by reducing the personal payment, so not to exceed 20% increase in the 

salary of individual employees compared to the project. We do not assume that there will 

be another significant valorisation during the corona crisis. In the case of the other possible 

significant valorisation, we will state all governmental regulations on valorisation and the 

justification for exceeding the costs for individual employees in the Final report. 

As the development and production of RR is a very innovative issue (so far no similar 

device has been constructed in the world), we focused all the capacities of the technical 

team (senior constructor, junior constructor, designer and main technologist) on the 

repeated and long-term testing of RR and optimizing its effectiveness. Most of the 

personnel costs of this technical staff have already been exhausted. Only a regular RR 

control is needed for the next two years (the funds have remained to the extent necessary 

for the regular RR control). 

Although the COVID-19 pandemic causes us many problems, we have been able to solve 

them operatively in project management so far. We do not consider it necessary to state 

them in more detail as we were able to solve all the problems, and the works on the project 
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are continuing in accordance with the general project schedule. We have incorporated a 

sufficient time reserve for unforeseen events in the project, so we perform all the most 

important actions on time or only with a small delay. However, this delay does not affect 

the successful achievement of the project aim. 

The progress of the works and the obtained results are regularly summarized at least twice 

a year in monitoring reports that are published on the project website and sent to the project 

external monitor (Mr. Svoboda). In accordance with the project schedule, the first Meeting 

of the Steering committee was realized (09/12/2019) and its conclusions are published on 

the project's website. The second meeting of the Steering committee is scheduled for 

December 2020. 

Works on this activity are proceeding in accordance with the LIFE project and rules. The 

COVID-19 pandemic made our work more difficult but it is a full assumption for fulfilling 

this action in the planned project schedule and it is a full assumption to meet all the 

professional aims of the project. 

 

E.1.2 After-LIFE Plan 

The After-LIFE Plan will be elaborated in accordance with the schedule at the project end 

in the final project report. 

6.2 Main deviations, problems and corrective actions implemented 

No major deviations or changes from the original project schedule have occurred so far in 

addressing all the technical and professional objectives of the project. All technical 

activities on the project are implemented. Due to the COVID-19 pandemic, there were only 

insignificant time shifts in the implementation deadlines. It is a full assumption to meet all 

the aims of the project in the planned date of 31/12/2022. 

6.3 Evaluation of Project Implementation 

Methodology applied. Two innovative methodologies were developed and implemented in 

the project, which have not yet been developed anywhere in the world. First, a new risk 

analysis methodology (action B.1 – Risk analyses) for deficient biogenic (essential) 

elements was developed. The second innovative methodology is the development, 

production and testing of RR for the enrichment of DW with Ca and Mg (action B.5 – 

Construction prototypes). In the case of risk analysis, the US EPA methodology used for 

health risk assessment from above-limit health-hazardous elements (e.g. heavy metals, 

pesticides,...) was extended to assess health risk from deficient content of health-promoting 

essential elements. This methodology was published in an international peer-reviewed 

journal and can be widely used for health risk assessment of other elements and other 

components of the environment. In the case of RR, the first RR for DW enrichment was 

compiled and tested. The developed RR was tested many times. We can conclude that the 

performance of RR is good, reliable and predictable. 

It is possible to construct a similar RR for other sources of DW in the SR and also in other 

EU countries based on our prototypes. 

In the following table, we present a comparison of the main actions and obtained results 

according to the individual technical activities. 
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Action Foreseen in the 

revised proposal 

Achieved  Evaluation 

B.1 Risk analysis 

Objectives: 

Elaboration of risk 

analysis methodology 

for deficient biogenic 

(essential) elements 

Expected results: 

Elaboration of 

methodology 

The methodology 

was developed 

and published 

Completed in 

accordance with 

the schedule 

Objectives: 

Determination of the 

limit value for Ca and 

Mg for re-

carbonization of 

drinking water in two 

water sources 

Expected results: 

Limit values for re-

carbonization 

Limit values for 

re-carbonization 

of drinking water 

in two water 

sources were 

derived for 

Devičie and 

Kokava nad 

Rimavicou 

Completed in 

accordance with 

the schedule 

B.2 Selection of 

two drinking 

water sources for 

water re-

carbonization 

Objectives: 

Selection of two 

suitable water sources 

Expected results: 

Selection two 

municipalities in the 

SR 

Two water 

sources were 

selected in the 

municipalities of 

Devičie and 

Kokava nad 

Rimavicou 

Completed in 

accordance with 

the schedule 

B.3 Laboratory 

tests 

Objectives: Selection 

of the most suitable 

carbonate material for 

re-carbonization 

Expected results: 

Selection carbonate 

material for re-

carbonization 

HBD Magnodol 

was selected 

Completed in 

accordance with 

the schedule 

Objectives: 

Organizing a 

workshop 

Expected results: 

Organizing a 

workshop 

Workshop was 

organized 

11/06/2019 

Completed in 

accordance with 

the schedule 

B.4 

Biomonitoring 

Objectives: 

Sampling of 70 

vegetable samples for 

the determination of 

Ca and Mg contents 

Expected results: 

Sampling of 70 

vegetable samples 

71 vegetable 

samples were 

taken for Ca and 

Mg contents 

Completed in 

accordance with 

the project 
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Action Foreseen in the 

revised proposal 

Achieved  Evaluation 

Objectives: 

Measurement of 

vascular elasticity of 

200 respondents 

Expected results: 

determination of 

differences in arterial 

age of vessels 

depending on 

different water 

hardness 

So far, 23 

respondents have 

been measured 

In progress as 

foreseen 

B.5 Construction 

of prototypes 

Objectives: 

Construction of two 

RR prototypes. 

Expected results: 

production of two 

prototypes 

The first RR 

prototype was 

made 

The second RR 

prototype is 

produced 

In progress as 

foreseen 

B.6 Installation of 

two prototypes 

into testing 

operation 

Objectives: 

Installation of two 

prototypes into testing 

operation 

Expected results: 

Installation of two 

prototypes into testing 

operation 

Installation of 

prototypes in 

accordance with 

the project 

schedule will be 

in 2021 

Not due yet 

B.7 Installation of 

two prototypes 

for water re-

carbonization into 

continuous 

operation 

Objectives: 

Installation of two 

prototypes into 

continuous operation 

Expected results: 

Installation of two 

prototypes into 

continuous operation 

Installation of 

prototypes in 

accordance with 

the project 

schedule will be 

in 2022 

Not due yet 

C.1 Monitoring of 

Ca and Mg 

contents in re-

carbonized 

drinking water 

sources 

Objectives: 

Monitoring of Ca and 

Mg contents 

Expected results: 

Monitoring of Ca and 

Mg contents 

 Not due yet 

C.2 Monitoring of 

the health impacts 

of the project 

actions 

Objectives: 

Measurement of 

vascular elasticity in 

residents who drink 

re-carbonized 

drinking water 

Expected results: 

determining the 

difference in the 

 Not due yet 
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Action Foreseen in the 

revised proposal 

Achieved  Evaluation 

elasticity of the 

vessels depending on 

the different water 

hardness 

C3 Monitoring of 

the socio-

economic impacts 

of project actions 

Objectives: 

Collection and 

evaluation of at least 

200 questionnaires 

Expected results: 

evaluation of the 

socio-economic 

impact of the project 

on the basis of 

questionnaires 

Collection of 162 

questionnaires 

In progress as 

foreseen  

C4 Monitoring of 

the LIFE-cycle 

assessment 

Objectives: 

Processing of 

environmental cost of 

production and 

operation of RR 

Expected results: 

Determination of the 

environmental cost of 

RRs and their 

operation 

 Not due yet 

D1 Dissemination 

management and 

communication 

activities for 

general public 

and stakeholders 

Objectives: 

Organization of four 

information meetings 

in two municipalities 

with the participation 

of 200 residents 

Expected results: 

informing residents in 

two municipalities 

about the project 

In accordance 

with the project, 

two meetings 

were held in two 

municipalities, 

120 respondents 

In progress as 

foreseen  

Objectives: 

Three TV shows 

Expected results: 

dissemination of 

project information 

Four TV shows 
In progress as 

foreseen 

D2 Dissemination 

of research 

findings and 

knowledge 

transfer among 

scientific 

community and 

concerned 

authorities 

Objectives: 

Publication of project 

results in three 

international journals 

Expected results: 

dissemination of 

project information 

Publication of 

project results in 

four international 

journals 

In progress as 

foreseen  
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As a result of the replication of the project, a long discussion in two information meetings 

can be mentioned. The inhabitants of both municipalities and the mayors of the 

municipalities expressed their pleasure that their municipalities were selected for the 

project. Also after all the presentations of the research team about the goals and partial 

results of the project, there is usually a very wide and long discussion, including the Kick 

of Meeting. People are very interested in the issues addressed in the project, as it affects 

their health. 

As the first result of the change in legislation within the EU, it is possible to say that a 

sentence was added to the latest EC Directive (drinking water standards – Directive 

98/83/EC): „that the content of Ca and Mg is necessary from the point of view of human 

health“. In response to our project, questionnaires were sent to all water companies in the 

SR on current information on the content of Ca and Mg in DW and to identify the main 

reasons why it is not possible to achieve the required content of Ca and Mg in DW. 

As the main barrier why DW with the necessary Ca and Mg content is not supplied for the 

population of the SR and other EU countries, two main reasons can be mentioned: 

1. neither Slovak nor European legislation requires it, 

2. economic reasons. 

We will propose a change in the Slovak and EU legislation after the end of the project. 

After evaluating the results of the project, we will have all the necessary data and expert 

documents. We also think that our RRs are relatively cheap and effective. The price for 1 

m3 of DW in the SR is approximately 1 € per m3. The operating costs of RR for the 

treatment of 10,000 m3 water per year can currently be estimated at approximately 1,600 

EUR (the exact determination will be only after the setting of RR into operation). The price 

per 1 m3 after treatment with our reactor will increase by only 0.08 €, which represents an 

almost negligible financial cost. 

We will inform all relevant authorities within the SR and the EU about the project results, 

the importance of the required content of Ca and Mg in DW and their impact on human 

health at the end of the project. We will also inform about the very low financial costs of 

the process of re-carbonization of DW. 

The added value of our project will be the gradual and regular improvement of the health 

status of the inhabitants of the SR (or even the other EU countries) who begin to DW with 

the necessary content of Ca and Mg. This will be eventually reflected in a reduction in 

healthcare costs. However, precise quantification is practically impossible. 

 

6.4 Analysis of benefits 

The project ran the first two years of the solution in accordance with the project schedule. 

The obtained results offer a full assumption that all aims set in the project will be met. 

There are no significant deviations. 

 

1. Environmental benefits. The main environmental benefit of the project will be the expected 

improvement of the health status of the population in the two affected municipalities (3,300 

inhabitants) and indirectly in other areas of the SR and the other EU countries where DW 

with a deficient Ca and Mg content is used to supply the population. The added value of 

the project will be the fact that DW with an increased content of Ca and Mg is not only 

healthier but also much tastier, so it can be assumed reduced consumption of various 

sweetened beverages, which is also beneficial for human health. 

 

2. Economic benefits. The economic benefits of the project are mainly in reducing health care 

costs. The incidence of CVD, OD and other diseases in the two monitored municipalities 
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(Devičie and Kokava nad Rimavicou) is approximately 50% or more higher compared to 

the Slovak average. After the setting of RRs into operation, it is possible to assume a 

reduction in the incidence/mortality of these inhabitants to the national average. 

When our technology improves the health of only 10% of the population in the affected 

municipalities (approximately 300 inhabitants) and only 1% of the population of other 

areas of the SR (approximately 10,000 inhabitants) and 0.01 ‰ of the EU population 

(50,000 persons), saved costs of health care will exceed many times the cost of the project. 

At the same time, further production of RRs is expected. This will create new production 

and new jobs. 

 

3. Social benefits. We will improve the health of the population by implementing the project. 

A healthy person is happier and can devote itself to its work, family and hobbies. 

 

4. Replicability, transferability, cooperation: As part of the solution of activity B.7 

(Installation of two prototypes for water re-carbonization into continuous operation) a 

“Replicability and Transferability Plan” will be elaborated (deliverable 31/10/2022). The 

plan will incorporate proposals for the potential technical and commercial use of the project 

results. 

This plan will consist of the elaboration/presentation of all new results and outputs 

achieved within the project in the form “friendly” to wide public and scientific audience to 

ensure their replicability and transferability, including: 

 Methodology of the calculations within risk analysis together with given examples of 

calculations from evaluated areas (results within the action B.1). 

 Detailed characteristics of the most suitable rock material to be used for drinking water 

re-carbonization, including the certificate lists providing all relevant administration and 

technical/scientific data, including rock properties, chemical composition, exposure, 

solubility in water etc. (results within the action B.3), 

 Methodology of evaluation of changes in arterial stiffness of residents in association 

with levels of drinking water hardness (results within the action B.4), 

 Detailed technical documentation of fluidized reactors for drinking water re-

carbonization (results within the action B.5), 

 Summary of experiences, findings and knowledge including advantages / disadvantages 

and potential problems encountered during the installation and operation of drinking 

water re-carbonization based on developed and constructed prototypes presented in the 

form of operational manual for drinking water re-carbonization and its monitoring 

(results within the actions B.6 and B.7). 

The Replicability and Transferability Plan will include the list of EU countries / regions 

with high occurrence of silicatogenic mineral waters or where bottled water is produced 

through desalinization to which we will address our results on application of the developed 

technology for increase of Ca and Mg drinking water contents into practice. In this way, 

we will reach the transfer of our knowledge into other countries, which face against similar 

environmental-health problem and where our developed technology can be applied. 

 

5. Best Practice lessons: We used Best Practice lessons mainly in the development, 

production and testing of re-carbonization reactors (RRs). First we made the first (small) 

RR and we learned on it. We learned by testing this RR many times. We simulated different 

re-carbonization conditions and monitored HBD and CO2 consumption. Although the 

concentrate had the highest Mg content of about 800 mg L-1, Mg production required a 

higher input amount of HBD and CO2 at this Mg concentration. Therefore, we gradually 

and repeatedly tested for the highest possible efficiency of RR with the highest possible 
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production of Mg and Ca. The highest efficiency of RR, i.e. the highest production of Mg 

(but also Ca) was achieved at a content of 150–250 mg L-1. This concentration guarantees 

the lowest consumption of HBD and CO2 for the necessary production of Mg and Ca. In 

order to determine the smallest possible amount of CO2 and HBD needed for the production 

of Mg and Ca, there was a close cooperation between the research team (especially the 

senior constructor and designer) and the supplier. This cooperation ran from the 

development of the reactor design to its production. This strengthened the ownership of the 

project idea - best practice. We used this experience and learning in the construction of the 

second, 10-times larger RR. We also improved and simplified the construction of the 

second RR in this way. In particular, we have learned that all built-in elements in RR must 

be round, they cannot have rectangular edges on which HBD is captured, and thus its 

effectiveness is reduced. 

We used a similar procedure – lesson learned when solving other activities. For example, 

when organizing an information meeting in the municipality of Devičie, we learned what 

the local residents are most interested in and we conducted the second information meeting 

in terms of the learned experience from the first meeting. 

 

6. Innovation and demonstration value: The project has a highly innovative character. 

Nowhere in the world, the issue of “improving the health of the population through the re-

carbonization of DW” has been addressed so far. The RR design has an innovative 

character. No such RR has been constructed anywhere in the world so far. Another 

innovative element of the project is the methodology of Health Risk Analysis of Deficient 

Biogenic Elements. We supplemented the US EPA methodology for the health risk 

assessment of deficient biogenic elements. Based on the derived methodology for 

calculating health risk from deficient biogenic elements, we were able to derive the 

necessary content of Ca and Mg in DW, for which the health risk is negligible or low. 

Monitoring the improvement of the health of the population (their cardiovascular system) 

by measuring the elasticity of blood vessels can also be considered an innovative element. 

Other used works and methodologies have a demonstration character. It is mainly about 

monitoring the social and environmental impact, organizing information meetings, 

dissemination of results and so on. 

 

7. Policy implications: The main anticipated policy implication of the solved project is a 

proposal to include the content of Ca and Mg in DW among the regulated parameters in 

the standard for DW. We do not assume that this is possible immediately after the end of 

the project. We will propose a transitional period of 5–10 years so that water companies 

have enough time to develop adequate technological measures. The main obstacles to these 

measures are economic reasons. We assume that the main result of the project “improving 

the health of the population in two municipalities in the SR”, where the re-carbonization of 

DW will be implemented, will be so convincing that during consistent and broad 

dissemination of the project results, Ca and Mg will be included among the regulated 

drinking water parameters at least as recommended values. 

 

7. Key Project-level Indicators 
Key Project-level Indicators were modified on 21/05/2019. There are no changes in the 

Key Project-level Indicators in the next stage of the project solution. 
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8. Comments on the financial report 
The standard statement of expenditure (available in the 'toolkit' section on the LIFE 

website) must be used and presented in a separate document, as described below – see the 

guidelines on preparing the financial report and annexes, at the end of this template. This 

part of the technical report must include the following points:  

 an overview of the costs incurred, 

 information about the accounting system and relevant issues from the partnership 

agreements,  

 allocation of costs per action. 

This information should include sufficient detail to establish a clear link between the 

technical activities on the one hand and costs declared in the financial forms on the other. 

Please note that – as set out in the General Conditions on the eligibility of costs – only costs 

that are necessary for and clearly linked to the activities carried out, are eligible. This 

section should justify and explain extraordinary cases, e.g. necessary costs not foreseen in 

the budget, persons changing status during the project from external consultants to 

employed staff (or vice versa), etc. 

8.1 Summary of Costs Incurred 

Complete the following table to show the project costs incurred compared to the approved 

budget and comment on each of the cost categories focussing particularly on discrepancies 

compared to the allowed flexibility of the 20% limit (cf. Article II.22 of the General 

Conditions). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*) If the EASME has officially approved a budget modification through an amendment, indicate the 

breakdown of the revised budget. Otherwise this should be the budget in the original grant agreement.  

**) Calculate the percentages by budget lines: e.g. the % of the budgeted personnel costs that were 

actually incurred  

 

 

PROJECT COSTS INCURRED 

  

Cost category 

Budget according to the 

grant agreement 

in €* 

Costs incurred within 

the reporting period 

in € 

%** 

1.  Personnel 551,955 296,768.64 54% 

2.  Travel and 

subsistence 

74,400 8,292.75 11% 

3.  External assistance 107,300 22,860.74 21% 

4.  Durables goods: total 

non-depreciated cost 

106,400  49% 

  - Infrastructure sub-

tot. 

   

  - Equipment sub-tot. 6,400 3,906.40 61% 

  - Prototype sub-tot. 100,000 48,100.00 48% 

5.  Consumables 19,100 1,060.01 6% 

6.  Other costs 27,300 8,707.73 32% 

7.  Overheads 61,820 26,730.00 43% 

  TOTAL 984,275 416,426.27 44% 
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Annual gross salary and annual obligatory social charges may have different ratios 

depending on the retirement status of the staff and their contract.  

Social charges are 35.2% of gross salary of those on employment contract; however, for 

working pensioners it is 31.2% (Mr Rapant). 

Social charges for staff working outside employment contract are the same 35.2%; 

however, for working pensioners it is 19.8% of the amount exceeding €200.00 monthly 

income, or 1.05% if it is less than or equal to €200.00 (Ms Letkovicova). For Czech 

nationals working outside employment contract, no social charges apply to their monthly 

income not exceeding CZK 10,000 (Mr Kozisek, Mr Dolejs). 

8.2 Accounting system 

Include among other aspects: 

 Brief presentation of the accounting system(s) employed and the code(s) identifying the 

project costs in the analytical accounting system 

Comenius University uses SAP ECC 6.0 accounting suite used by most public body 

educational institutions which allows detailed project cost accounting. The code which 

identifies this particular project is Z-18-106/0004-00. It appears on all accounting 

documents related to this project (purchase orders, contracts, etc.). 

 Brief presentation of the procedure of approving costs 

Cost approval process follows, apart from general current accounting, social and tax 

legislation, the Act 523/2004 Col. on budgetary rules. 

Cost approval is also followed by two university guidelines:  

1. Rector’s order Nr. 4/2015 for performing basic financial control at Comenius 

University, based on which any purchase order must be preceded by approval of a 

Control Sheet with description of requested goods or services, including estimated price 

with VAT and supplier name. This must be signed by a project researcher/investigator, 

department head, Project support centre, financial department head and faculty bursar, 

in that order. 

2. Internal guideline Nr. 4/2013 on circulation and control of accounting documents at 

Comenius University, according to which all accounting documents must be approved 

by department head, Project support centre, financial department head and faculty 

bursar. 

 Type of time recording system used, i.e. electronic or manually completed timesheets 

Time registration system is manual, on the level of individual departments for registering 

absences (departmental attendance sheets) and personnel involved in projects also register 

their time devoted to projects separately in timesheets. 

 Brief presentation of the registration, submission and approval procedure/routines of the 

time registration system 

Monthly timesheets are dated and signed by the person working on the project and then 

signed by their project manager. Project manager´s timesheets are signed by their 

immediate line manager. Timesheets are crosschecked against the departmental attendance 

sheets for any discrepancies. 

 Brief explanation on how it is ensured that invoices contain a clear reference to the LIFE 

project showing how invoices are marked in order to show the link to the LIFE project 

We strive to ensure that a clear reference to the project is mentioned on invoices by 

mentioning the project name and acronym in our purchase orders and try to highlight this 

in contact with the suppliers. In cases when our request is not accommodated, we use a 

stamp with the project acronym and logo to clearly mark the invoices. In case of contracts, 

these refer to the project by its name and acronym in the wording of contract purpose. 
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8.3 Partnership arrangements 

Please briefly explain how financial transactions between the coordinating beneficiary and 

the associated beneficiaries have taken place. How is financial reporting implemented by 

each beneficiary and how is the consolidated cost statement prepared? 

There are no associated beneficiaries in the project. 

8.4 Certificate on the financial statement 

In Accordance with Art. II.24.2, the official registration number, organisation, full name 

and address of the approved auditor or competent and independent public officer who are 

to establish the certificate for the payment of the balance, shall be included in the signed 

payment request. The auditor's report (to be included with the final financial report) must 

follow the format of the standard audit report form available on the LIFE website. 

Union contribution is less than € 750,000 and therefore the Certificate of financial 

statement is not required. 

8.5 Estimation of person-days used per action 

In order to have an overview of the use of budgeted person-days by group of actions, it is 

recommended to fill in the following additional table. Please provide estimates of % of 

person-days spent compared to the budgeted numbers. This table will allow you and the 

EASME to monitor the actual absorption of budgeted time and will highlight any major 

deviations that should then be explained. When compiling the information you may refer 

to the number of days referred to into Form R2 of the proposal: 

 

Action type  Budgeted 
person-

days 

Estimated % of 
person-days spent  

B1 Risk analysis 410 106,5 

B2 Selection of two drinking water sources 

for water re-carbonization 
126 100 

B3 Laboratory tests 70 100 

B4 Biomonitoring 260 66,09 

B5 Construction of prototypes 400 105,86 

B6 Installation of two prototypes into testing 

operation 
430 0,69 

B7 Installation of two prototypes for water 

re-carbonization into continuous operation 
440 0 

C1 Monitoring of Ca and Mg contents in re-

carbonized drinking water sources 
235 0 

C2 Monitoring of the health impacts of the 

project actions 
350 0 

C3 Monitoring of the socio-economic 

impacts of project actions 
145 30,14 

C4 Monitoring of the LIFE-cycle assessment 0 0 

D1 Dissemination management and 

communication activities for general public 

and stakeholders 
435 62,41 
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D2 Dissemination of research findings and 

knowledge transfer among scientific 

community and concerned authorities 

New position (activist for Kokava nad 

Rimavicou) 

585 
 
 

28 

28,51 
 
 

50 

E1 Project administration, management and 

planning 
870 55,63 

TOTAL 
New position 

4,756 
   28 

42,03 
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9. Envisaged progress until next report (this section should be included only for the Mid-term report) 

 Briefly describe what will be done until the next report. Describe the development 

of different tasks or entities and envision the milestones to be achieved such as: all 

field work finished, infrastructure construction finished etc. 

 Planned actions should also be indicated in the Gantt chart used to illustrate 

progress. 

 

The deadline for submitting the next Progress report 2 is 31/12/2021. The following will be 

processed by the deadline for submitting the report: 

 Production of the second RR, 

 Setting both RRs into temporary operation, 

 All further works will continue in accordance with the project schedule, in particular: 

a) monitoring of Ca and Mg content in re-carbonized drinking waters, 

b) monitoring of health impact of projects action, 

c) dissemination results among general public and scientific community. 

 We start with the processing of the LIFE-cycle assessment. 

At the current stage of the implementation and the achieved stage of project elaboration is 

the full assumption to meet all project aims. Planed actions are indicated in the Grant chart 

to illustrate progress. 
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Grant chart 

 

 

 

 

 

Action / sub-action 
2018 2019 2020 2021 2022 

Sept. IV I II III IV I II III IV I II III IV I II III IV 

Overall project schedule 
Proposed                   

Actual                   

Action B.1 

Risk analysis 

Proposed                   

Actual                   

Action B.2 

Selection of two drinking 

water sources for water re-

carbonization 

Proposed                   

Actual                   

Action B.3 

Laboratory tests 

Proposed                   

Actual                   

Action B.4 Biomonitoring 
Proposed                   

Actual                   

Action B.5 

Construction of prototypes 

Proposed                   

Actual                   

Action B.6 

Installation of two 

prototypes into testing 

operation 

Proposed                   

Actual                   

Action B.7 

Installation of two 

prototypes for water re-

carbonization into 

continuous operation 

Proposed                   

Actual                   

Action C.1 

Monitoring of Ca and Mg 

contents in re-carbonized 

drinking water sources 

Proposed                   

Actual                   

Action C.2 

Monitoring of the health 

impacts of the project 

actions 

Proposed                   

Actual                   

Action C.3 

Monitoring of the socio-

economic impacts of 

project actions 

Proposed                   

Actual                   

Action C.4 

Monitoring of the LIFE-

cycle assessment 

Proposed                   

Actual                   

Action D.1 

Dissemination 

management and 

communication activities 

for general public and 

stakeholders 

Proposed                   

Actual                   

Action D.2 

Dissemination of research 

findings and knowledge 

transfer among scientific 

community and concerned 

authorities 

Proposed                   

Actual                   

Action E.1 

Project administration, 

management and planning 

Proposed                   

Actual                   

 

 

 

 

 

 

 Completed up to the Progress report 

 Completed up to the Mid-term report 

Progress report 

(15/09/2015) 

Mid-term report 

(31/01/2017) 

Final report 


