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Foreword
The seminar “Purification of drinking water from natural radionuclides and management options for NORM ”
was held within the framework of the LIFE ALCHEMIA project.
LIFE ALCHEMIA is an European project co-financed by the LIFE Programme of the European Union and
coordinated by CARTIF Technology Center. The associated beneficiaries are Provincial Government of Almería
(Diputación de Almeria), Solar Energy Research Center (CIESOL), Tallinn University of Technology (TalTech),
University of Tartu (UT) and Viimsi Vesi Ltd.
This project was born as a result of the collaboration between these entities located in areas that face the
problem of radioactivity in water – the province of Almeria (Spain) and the municipality of Viimsi (Estonia).
Naturally occurring radionuclides generated in the semi-decay chains of uranium and thorium, are released
into the groundwater during the dissolution of the rocks or from the soil leaching and can be integrated into
the chemical composition of water in concentrations that exceed the standards required by the Council
Directive 2013/51/Euratom.
Effective, safe, reliable and cost-efficient drinking water treatment technologies are required to achieve
drinking water which complies with the quality standards.
LIFE ALCHEMIA offers a breakthrough in this problem. On one hand, the use of removal systems based on
bed filters is studied, which will reduce the cost of the water purification up to five times. And on the other
hand, the project looks for options for the reduction of the amount of NORM (Naturally Occurring Radioactive
Material) generated during the removal of radioactivity.
The expected results and environmental benefits are:
- to reduce the concentration of the radionuclides in drinking water between 75 and 90%,
- to reduce the NORM generated during the removal of radioactivity by 90% (comparing with filters bed
currently operating in Viimsi) and
- to reduce the energy consumption by 80% compared to the most used system, such as reverse
osmosis.
For this, four pilot plants, three of them located in the province of Almería (Spain) and one in Viimsi (Estonia),
have been installed and are being operated with different strategies to prevent NORM generation.
The promising results that are being achieved in these pilot plants and the different purification schemes used
by each pilot plant were presented during the seminar in Viimsi, Estonia. This seminar showed water
management companies and water suppliers alternative systems to treat water with radioactivity in a more
environmentally sustainable way.
This handbook, compiled by the University of Tartu, gives an overview of the two fruitful days in Viimsi by
consolidating the abstracts of all the presentations. Presentations in full length can be downloaded from the
LIFE ALCHEMIA website: https://www.lifealchemia.eu/en/seminars-and-events/

Marta Gómez, CARTIF Technology Center, Spain
Maria Leier, Taavi Vaasma, Siiri Suursoo, Institute of Physics, University of Tartu, Estonia
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Overview of the LIFE
ALCHEMIA project
LIFE ALCHEMIA is a collaboration project (LIFE Programme) of Estonia and Spain. The activities of
the project started on the 2nd of October in 2017 and are planned to end on 31 of December
2020. The project partners are:
 CARTIF Technology Centre, Spain
 Solar Energy Research Center (CIESOL), Spain
 Diputación de Almeria (DIPALME), Spain
 Tallinn University of Technology (TUT), Estonia
 University of Tartu (UT), Estonia
 Viimsi Vesi Ltd.

The main objectives of the LIFE ALCHEMIA project are:
 To demonstrate the technical and economic feasibility of bed filters that will be
optimised to remove radioactivity from water and to minimise the generation of
Naturally Occurring Radioactive Materials (NORM) exceeding the exemption level;
 To replicate LIFE ALCHEMIA solutions in facilities of other European countries and to
promote the transferability to other facilities and EU members;
 To encourage the active involvement of interested parties in the implementation of
Directive 2013/51/Euratom for minimising the environmental impact of radionuclides
treatment in water provision services.
Figure 1 gives an overview of the different activities undertaken as a part of the LIFE ALCEMIA
project. More information about activities and expected outcomes can be found on the project’s
homepage: https://www.lifealchemia.eu/

Figure 1. The main structure of the LIFE ALCHEMIA activities.
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The objectives of the LIFE ALCHEMIA project are to demonstrate the technical and economic
feasibility of water treatment technologies for radionuclide remove and to minimize the generation
of NORM. For that purpose, three pilot plants in Spain and one in Estonia have been set up. The
technology chosen in Estonia is the HMO (hydrous manganese oxide, or MnO 2) process. It can be
used for the removal of iron, manganese, and radium from groundwater.
HMO particles have shown relatively high sorption capacities towards divalent metals, which is
particularly important in case of the presence of Ra 2+ in water. In addition, MnO2 supports the
oxidation of Fe and Mn into their insoluble forms. The resultant precipitate could be very easily
filtered to get rid of radium isotopes and undesirable Fe and Mn.
Being a non-sophisticated and convenient technology in drinking water treatment, HMO is easy in
operation and does not consume expensive chemicals and other tools. Moreover, its application in
Estonian demo was found to be very efficient for the removal of iron, manganese, and radium from
groundwater.
To be more detailed in terms of HMO mechanism, the highest adsorption of divalent metals on the
surface of HMO undergoes at neutral and basic pH conditions. At these conditions, the surface of
MnO2 particle becomes negatively charged because of hydroxide ions OH - attached. Positively
charged ions of radium are prone to adsorb on the surface of HMO particles by means of surface
charge effect.
More thorough explanation of sorption of metal ions on oxides and hydrous oxides could be
described using the following scheme:
Mn+ + x[=R-OH] ↔ M[=R-O]x(n-x)+ + xH+ ,
where M – the metal ion to be adsorbed, e.g. Ra2+, [=R-OH] and [=R-O] are the oxide surface sites.
The manganese dioxide precipitate acts as a catalyst for oxidation of manganese in groundwater:
2Mn(HCO3)2 + O2 + 2H2O ↔ 2Mn(OH)4 + 4CO2
Iron can be oxidised without the assistance of a catalyst.
4Fe(HCO3)2 + O2 + 2H2O ↔ 4Fe(OH)3↓ + 8CO2
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Radium is removed by adsorption to iron and manganese precipitates and manganese dioxide. Co
-precipitation with iron and manganese also reduces the radium content of water.
The application of this approach is based on the injection of preformed HMO slurry into the water
followed by filtration. HMO suspension could be very easily prepared by mixing of MnSO 4 and
KMnO4 salts solutions using stoichiometric ratio according to the reaction:
2KMnO4 + 3(MnSO4·H2O) → 5MnO2↓ + K2SO4 + 2H2SO4 + H2O
The HMO technology consists of the following steps (see Fig. 2):
 water is led through an aeration chamber;
 water is directed to an HMO reactor, where the HMO-suspension is added;
 resulting precipitate is filtered out in a filter column;
 In order to remove HMO precipitate with radium isotopes adsorbed filter is continuously
backwashed using raw water and compressed air.

Figure 2. Technological scheme of the HMO process (pilot plant in Estonia).
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Overview of the
seminar
The training seminar "Purification of drinking water from natural radionuclides and management
options for NORM ” took place on 3rd-4th March 2020 in Viimsi, Estonia. The main aim was to give an
overview of problems related to radionuclide removal from groundwater and to introduce the
preliminary results and activities of the LIFE ALCHEMIA project. The seminar brought together a wide
range of participants who are directly connected to the drinking water radioactivity issues. The list of
participants included drinking water treatment plant operators, government officials, researchers,
companies related to drinking water purification, waste management operator as well as international
experts and others. The seminar provided a unique opportunity to involve all the main stakeholder
groups to a joint discussion and present the latest knowledge and progress in the field. The
involvement of international experts, from STUK and WHO, added comparison concerning the
approach of managing radioactivity in drinking water in other countries.
The presentations made during the 2-day seminar introduced new knowledge on:


The current situation with managing radioactivity in drinking water in Estonia. Sharing existing
data on the radioactivity levels in drinking water and describing the population who can be
exposed to elevated exposure due to drinking water consumption. New methodology in
carrying out health risk assessment was introduced to improve decision making. The creation of
NORM during water purification was covered, bringing insight into the main concerns related to
NORM management.



Regulatory views on managing radioactivity in drinking water and NORM created in this process
were presented, which helped to clarify the current approach by the Environmental Board to
address these issues.



Overview of radioactivity issues in Finnish drinking water created a good comparison of the
magnitude of the problem and allowed to compare the approaches taken to handle them. Also,
forthcoming programmes and activities planned in Finland to address the creation of NORM in
drinking water treatment plants were introduced.



An international perspective to managing drinking water radioactivity was given by Prof. John
Fawell (UK) who introduced the approach suggested by the World Health Organization in its
publication “Management of Radioactivity in Drinking-Water”.



The evolution of drinking water purification technology in the Viimsi Vesi Ltd. plant described
their aim and approach to achieve drinking water quality requirements. The current set-up of
the plant together with future technology advancements were introduced.



The HMO process was described in detail. Results obtained on the HMO pilot operating at Viimsi
Vesi Ltd. on removing iron, manganese and ammonia together with Ra-isotopes from drinking
water have shown a very promising progress. The chemical constituents have been removed at
high efficiency during various pilot configurations. The pilot has also demonstrated the potential
to effectively remove Ra-isotopes and the process is being currently optimized to reach a balance
between HMO dosage and radionuclide removal. The pilot has also demonstrated the possibility
to reduce the accumulation of radionuclides in the filter material by 3-4 times. This would allow
either to avoid or considerably reduce the creation of NORM.
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Results from the Spanish drinking water treatment plants operating with filter beds have also shown
progress in achieving higher efficiency in energy and water consumption (for filter backwashing)
compared to currently operational reverse osmosis plants. The technology currently applied on the
pilot plants is being optimized to remove Ra as well as U isotopes and reach necessary drinking water
quality requirements.



The current practice of managing NORM created in water purification was discussed based on Estonian experience. The first occasion of disposing of NORM took place in January 2020, by taking it to a
municipal landfill at Jõelähtme. The process and criteria to dispose NORM in the landfill were introduced together with requirements that the waste creating facility has to take into account.



The second day was finished with an introduction of cost-benefit analysis and a practical exercise.
The cost-benefit analysis is a tool developed as a part of the LIFE ALCHEMIA project. The methodology is designed to help water treatment plant operators in making a rational choice between different
technological solutions (the technology that is being currently used and an alternative technology,
e.g. HMO). The practical exercise was done based on two case studies – water treatment plants with
small (1000 m3/d) and big (4500 m3/d) capacity. One of the aims of the exercise was to get input for
further development of the methodology.

The seminar facilitated interesting discussions, which helped to increase the participants’ awareness on the
complexity of the issue and the latest advancements in managing drinking water radioactivity. Drinking
water facility operators showed high interest in the HMO technology by bring up questions related to the
technological set-up, costs and water purification efficiency. The organizers kindly thank all presenters and
participants for their contribution. We hope that the shared information and contacts will support further
progress in finding sustainable solutions to drinking water radioactivity issues.
Presentations are available on LIFE ALCHEMIA website: https://www.lifealchemia.eu/en/life-alchemia-

training-seminar-3-4-march-2020-viimsi-estonia-2/
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Abstracts
Siiri Suursoo, Institute of Physics, University of Tartu, Estonia
International standards and legislative acts define three radiological parameters, which have to be
monitored in drinking water. These are given as parametric values [1, 2]:


tritium (H-3) activity concentration



radon (Rn-222) activity concentration ≤ 100 Bq/L;



indicative dose (ID)

≤ 100 Bq/L;

≤ 0.10 mSv/year.

The third parameter – the indicative dose (ID) – is the only one of concern in Estonia. ID is defined as the
committed effective dose for one year of ingestion resulting from all the radionuclides (both artificial on
natural) whose presence has been detected in a supply of water intended for human consumption, but
excluding tritium, potassium-40, radon and short-lived radon decay products [1].
It is important to stress that radiological parameters are given as parametric values, not limit values. A
parametric value means that an appropriate level of protection is ensured for the consumer. The risk
caused by an exposure equal to 0.10 mSv/year is low enough that it is not expected to give rise to any
detectable adverse health effects. Exceeding the parametric values should not be taken as a sign that the
water is unsafe to drink. Instead, when the parametric value is exceeded, an assessment should be made,
whether the situation poses a risk to human health which requires action.
The parametric values are derived based on the linear-non-threshold model, which assumes that all
radiation doses greater than zero will increase the risk of excess cancer. With the best scientific
knowledge, we have today, one cannot say that a bit of ionizing radiation is a healthy stimulation to the
body.
Approximately 18 % of Estonian inhabitants (230 000 people) consume drinking water where ID exceeds
0.10 mSv/yr [3]. High ID is caused by radium-226 and radium-228 in Cambrian-Vendian (Cm-V)
groundwater, which is an important public water supply in North Estonia. Rear findings of ID exceeding
0.10 mSv/yr have also been found in Ordovician-Cambrian aquifer.
Radium in the Cm-V groundwater is a contaminant of natural origin. Cm-V is the deepest aquifer system
available for drinking water uptake in Estonian territory and it lays on the uranium and thorium rich
crystalline basement rock. The geochemical conditions in the aquifer favour the solubility of radium
isotopes, while their mother nuclides – uranium-238 and thorium-232 – stay undissolved. In north-eastern
Estonia, the Cm-V aquifer system is divided into two sub-aquifers by a layer of clays – Gdov (the lower)
and Voronka (the upper). It has been documented that intensive water uptake in the Gdov sub-aquifer
influences the groundwater quality resulting in an increase in radium and chloride concentrations [4].
Therefore, it must be kept in mind that ID in the same well is not a constant parameter – it may change
over time.
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What does the use of radium-rich groundwater mean for a water treatment facility operator? Radium
isotopes accumulate in filter material during water treatment processes. This can happen either on
purpose, if the facility operator is aiming at radionuclide removal from groundwater, or unintendedly by
co-precipitation with iron and manganese. In addition to radium isotopes, which are the only radionuclides
of concern in groundwater, radon-222 and thorium-228 become of interest in the water treatment facility.
Gaseous radon-222 is generated by the decay of radium-226 in the filter columns. This may significantly
increase the indoor radon concentration in the treatment facility. The decay of radium-228 in the filter
columns produces thorium-228. As the Estonian exemption level for thorium-228 is an order of magnitude
lower than the levels for radium-226 and radium-228, it often becomes the first criteria why filter media
needs to be treated as NORM-waste (waste containing naturally occurring radioactive elements).
Why should a water treatment facility operator bother to clean groundwater from radionuclides?
Management of NORM waste can create quite some trouble. Yet, not using a treatment process for
radionuclide removal does not always guarantee that NORM creation is avoided and the burden of NORM
management can be forgotten. If the result of the treatment process is drinking water where ID is
compliant with the ≤ 0.10 mSv/yr regulation, the excess risk for the consumers is optimised. The risks
created by water treatment affect a much smaller part of the population. Risks concerning NORM are also
better acknowledged and more controlled.
References:
[1] European Commission Directive 2013/51/Euratom.
[2] Estonian Minister of Social Affairs, Regulation No. 82 of 31 July 2001, as amended on 01.10.2019, “Quality and
monitoring standards and methods of analysis for drinking water”.
[3] Forte et al., 2010. Journal of Radiation Protection, 30.
[4] Suursoo et al., 2017. Science of the Total Environment, 601-602.
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Taavi Vaasma, Institute of Physics, University of Tartu, Estonia
Inventory of industries related to the creation of naturally occurring radioactive material in Estonia was
created within a nationwide study carried out between 2015 and 2017 [1]. Industries involved in the study
were selected based on ANNEX VI of the 2013/59/EURATOM Directive, as well as through information
obtained from existing research, reports and publications. This led to the investigation of the following
industries:


Oil shale industry – combustion of oil shale for electricity production; maintenance of large combustion
boilers and production of shale oil;



Cement industry and maintenance of clinker ovens;



Rare metal processing (production of niobium and tantalum);



Groundwater treatment plants;



Central heating stations using solid and gaseous fuels;



Underground oil shale mines;

Information on elevated concentrations of Ra-226 and Ra-228 in groundwater obtained from CambrianVendian (Cm-V) aquifer was pre-existing through years of research work. A study [2] between 2014 and
2015 investigated the accumulation of these radionuclides in the filter material at drinking water treatment
plants (DWTP). 18 DWTPs were studied, covering 47.4% of national Cm-V groundwater production and
49.8% of consumers using Cm-V aquifer whether entirely or partially.
Exemption and clearance levels (set as 1 kBq/kg for U-238 and Th-232 series radionuclides during the study
period) were exceeded: a) in 15 DWTPs for Ra-226 with an average value of 7.6 kBq/kg; b) in 16 DWTPs 18
for Ra-228 with an average value of 8.0 kBq/kg; c) 11 DWTPs for Th-228 with an average value of 5.6 kBq(kg.
The total volume of filter material exceeding the exemption levels at that time was estimated to be 300
tonnes. However, there is still no clear international consensus on establishing clearance and exemption
values for natural radionuclides, which are not in secular equilibrium. Currently, Estonia has set the clearance
and exemption value of 10 kB/kg for Ra-226 and Ra-228, which will change the amount of filter material
considered as NORM.
From 2020, NORM (filter material) created in DWTPs can be taken to a landfill for final disposal. At the
moment, the only municipal landfill having the permission to accept NORM is in Jõelähtme. Work on creating
improved monitoring over the creation and utilization of filter materials (potentially NORM) is ongoing.
References:
[1] Vaasma, T., Kiisk, M., Leier, M., Suursoo, S., Jantsikene, A., Putk, K., 2019. NORM-related industrial activities in Estonia –
Establishing national NORM inventory. J. Sustain. Min. 18, 86–93.
[2] Leier, M., Kiisk, M., Suursoo, S., Vaasma, T., Putk, K., 2018. Formation of radioactive waste in Estonian water treatment
plants. J. Radiol. Prot. 39, 1–10.
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Maria Leier, Institute of Physics, University of Tartu, Estonia
One of the parameters regarding drinking water that should be monitored, mainly in northern Estonia, are
radiological. The European council directive 2013/51/EURATOM states that parametric value for annual
indicative dose is 0.10 mSv. Moreover, it specifies in article 4 that when the value is exceeded, one should
assess whether that poses a risk to human health which requires action from radiation protection point of
view. One of the principles in radiation protection is optimisation principle which states that public and
occupational exposure shall be optimised to keep the magnitude of individual doses as low as reasonably
achievable (A.L.A.R.A) taking into account the current state of technical knowledge and economic and
societal factors. The present work aimed to answer the following questions – how to assess the risks and
how to take into account economic and societal factors?
A study done in 2017 showed that radiological analyses were done in approx. 50% of the waterworks that
had regular consumers and from these, in 36 water treatment plants, the annual indicative dose was
exceeded with an average value of 0.253 mSv. Using nominal risk coefficients provided by the
International Commission on Radiological Protection (ICRP), cancer cases were calculated for four different
scenarios, concluding that preventable loss to the society would be one cancer case per year. Knowing
that and using the Global Burden of Disease data from WHO and IMPACT study data from the
transportation field, the loss to the society in monetary value was calculated.
Knowing the acceptable cost for achieving the parametric value mentioned before, the calculation can be
therefore used for a representative group of consumers. Taking into account the results of this work and
also assessing the costs for improving the existing technology, implementing new technology or finding
entirely different alternatives (e.g. changing the water source), one can find an answer to the question
whether the ALARA principle is followed.
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Karin Muru, Environmental Board of Republic of Estonia
The Radiation Act lays down the basic safety requirements for the protection of people and the
environment against the adverse impact of ionizing radiation as well as regulates radiation practices and
activities where natural radiation sources may cause a significant increase of the exposure for workers or
members of the public. It includes an indicative list of NORM-related activities in which natural radiation
sources may cause annual effective dose to workers or members of the public of more than 1 mSv. The
Radiation Act provides requirements for radiation practices and radiation practice licence, and defines
exemption and clearance criteria for radioactive sources and practices as well as establishes exemption and
clearance levels for radionuclides. When activity concentrations of radionuclides are above exemption
levels, the requirements of the Radiation Act should apply. It is then necessary to draw up a radiation
safety assessment to assess exemption based on the dose criterion. To use natural resources like water, the
groundwater filtration facilities must have an environmental permit for the specific use of water. The
requirements for the application and content of the environmental permit are set out in the General Act of
the Environmental Code. The Water Act sets the requirements for the quality standards and inspection
requirements for drinking water, and the methods of analysis. In the case of drinking water from the
Cambrian-Vendian and Ordovician-Cambrian aquifers, the concentration of radium in drinking water must
be evaluated and remove radium may require at water filtration facilities. The Environmental Board issue
environmental permits and radiation practice licenses, and the Environmental Inspectorate inspects the
compliance with requirements of these. The Health Board inspects the quality of drinking water. Estonia
has some industries involving NORM, including groundwater filtration facilities. For the latter, the main
issues are the accumulation of radionuclides in the filter material and proper management of the filter
material in relation with disposal or possible recycling, based on a study conducted by the Institute of
Physics at Tartu University in 2014-2015. Since water purification is a continuous process and the
concentrations of radionuclides in groundwater can vary from location to location, it is difficult to estimate
the rate of contamination with radionuclides in filter material and the time when the filter material
becomes a radioactive source in the purpose of the Radiation Act. Therefore, to monitor the practices
better, the control measures are going to be established in the environmental permit to assess radioactivity
in filter material and requirement for a radiation safety assessment. The primary target group is
groundwater filtration facilities using raw water from the Cambrian-Vendian and Ordovician-Cambrian
aquifers to produce drinking water. Granting a radiation practice licence is rather a specific case and the
practices are assessed on a case-by-case basis. The need for radiation practice licence is assessed mainly in
the case with activities related to the removal of filter material from equipment and the storage. When
activities are regulated with the radiation practice licence, the further management of removed filter
material has to be assessed to dispose of it as a waste or foresee possible recycling. Currently, there is one
waste management company who has the right to receive and dispose of the filter material with higher
radioactivity than the exemption level. The conditions, including special clearance levels, method of
landfilling, environmental sampling, for this activity has set out in the integrated environmental permit and
are based on radiation safety assessment. The requirements for transport, including dangerous goods, onroad are regulated with the Road Transport Act and its regulations. Upon carriage of dangerous goods,
including radioactive material, the European Agreement on International Carriage of Dangerous Goods by
Road (ADR) requirements must be followed.
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Niina Leikoski, Radiation and Nuclear Safety Authority (STUK), Finland
There are approximately 1600 water suppliers in Finland, and they vary greatly in production volumes. 60
% of the household water produced by water utilities is groundwater or artificial groundwater. The
surveillance of radioactivity in drinking water is done by municipal health protection and STUK. The
quality parameters of the drinking water are set in the Decree of the Ministry of Social Affairs and Health
relating to the quality and monitoring of water intended for human consumption 1352/2015.
Requirements are set for radon-222, total indicative dose and tritium in addition to uranium.
Radioactivity and uranium concentrations mostly meet the requirements in the supplied water. In the
groundwater treatment plants, the water is most often groundwater from the soil and the uranium or
natural radionuclide concentrations are usually not problematic and not a reason for treatment. If radon
needs to be removed, it is often done by aeration.
Most of the exposure to drinking water is caused by radon-222 followed by Pb-210 and Po-210. In
Finland, 10 % of the population has a private well. STUK has estimated that 20 000 people use water from
a drilled well with radon concentration more than 1000 Bq/l, which is 10 % of people using drilled wells. It
was also estimated that 26 000 people are using water from a drilled well which has uranium more than
30 µg/l. No clear health effects have been reported for the people using water from drilled wells, despite
the long-term exposure to high uranium concentrations. In private drilled wells the water may be treated
and occasionally wastes with radioactivity need to be disposed of. STUK has made a guide for private
households on disposal of wastes arising from the treatment of drinking water for its radioactivity.
The groundwater filtration facilities are listed as industrial sector involving naturally occurring radioactive
materials (NORM) in the Directive 2013/59/Euratom. If groundwater is treated, NORM may accumulate in
the process. The Finnish Radiation legislation was recently renewed. New obligations apply to NORM
industries such as groundwater treatment plants. Groundwater treatment facilities are obligated to assess
exposure to natural radiation. In addition to this, if the activity concentrations of natural radionuclides in
the solid wastes are higher than clearance levels, approval from STUK must be acquired for waste
processing.
The accumulation of NORM at groundwater treatment plants has not been characterized in Finland. The
activated carbon filters are known to bind natural radionuclides. In other water treatment processes, the
accumulation is still unknown. Based on the average level of the naturally occurring radionuclides in
Finnish groundwater and typical groundwater treatment plant, very high exposure to other natural
radionuclides than radon is not expected for the worker. Radon in the indoor air of some water treatment
facilities is known to be high. Typical treatment processes in which NORM can be expected to accumulate
are different filtrations. There is an ongoing survey at STUK, which aims to characterize the NORM in
Finnish groundwater treatment plants. Based on the results Finnish water suppliers will be informed later
this year about NORM, the need for radiation protection and how to fulfil their obligations based on the
Radiation act.
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Nele Nilb, VIIMSI VESI Ltd., Estonia
Ltd Viimsi Vesi is a water company in Northern Estonia. It has 24 employees and is owned by Viimsi
municipality. Viimsi has ca 21 000 inhabitants.
Viimsi Water Treatment Plant started to operate in February 2012 to purify the water to the required
standard. Water quality problems were iron, manganese, ammonium and radionuclides. The water is
pumped from 80-100 m Cambrian-Vendian wells (11 pieces). The production rate of the water treatment
plant is ca 3,300 m3/d, in summer ca 4200 m3/d.
Technological scheme of the Viimsi water treatment plant:

Viimsi Vesi was the first water company in Estonia to purposefully remove radionuclides from drinking
water. The Cambrian-Vendian aquifer contains natural radionuclides (Ra-228 and Ra-226 isotopes). Based
on the results of the analysis of these isotopes, the indicative dose of raw water reaching Viimsi water
treatment plant is 0.31 mSv /y (the parametric value is 0.1 mSv/y). Natural zeolite is used to remove
radionuclides (cleaning efficiency over 90%).
The main problem of the above-described technology is that the zeolite adsorbs the radionuclides and the
filter material becomes radioactive over time (NORM waste). Another problem is that the filter material has
an effective life cycle of only a few years.
A few years after the treatment plant was commissioned Viimsi Vesi needed to reconstruct one of the
water treatment lines and remove filter material that had already become NORM waste from two filter
tanks. At that time, there was no NORM waste management practice in Estonia. Today, Viimsi Vesi has
been able to take this NORM waste to the landfill.
In 2020 Viimsi Vesi will probably start the reconstruction of the water treatment plant because the
existing filter tanks are corroded and the existing water treatment system produces NORM waste. There is
a plan to implement open aeration system and HMO technology as it is the best available technology for
radionuclide removal. BUT the question remains, is it even necessary to remove radionuclides from the
water and make a major investment?
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Juri Bolobajev, TalTech, Estonia
Besides the presence of radionuclides, groundwater may consist of other inorganic constituents, which
lower its overall quality and comprise several challenges to water suppliers during water treatment. In this
overview, particular attention will be paid to iron (Fe), manganese (Mn) and ammonium cation (NH 4+). In
Estonia, the threshold limit for Fe, Mn and NH4+ in drinking water are 0.2, 0.05, and 0.5 mg/l, respectively.
Despite NH4+ is not considered as a toxic substance, this ion is a major constituent of many contaminated
aquifers and it is known to negatively influence the quality and usability of groundwater. For example, at
certain conditions, the presence of the ammonium cation in raw water may result in drinking-water
containing nitrite. The situation is complicated by the fact that there is no conclusive evidence for NH 4+ consuming reactions (nitrification or anammox) in the anoxic core of aquifer. As a result, NH 4+ tends to
persist in deep aquifers.
Groundwater is commonly rich in Mn and Fe ions as a result of continuous percolating and movement
through the layers of rock and sediments containing these elements. In the absence of dissolved oxygen,
both elements tend to exist in the aqueous phase in the form of soluble Fe(II) and Mn(II) forms. In anaerobic
groundwater, Fe and Mn could be present at concentrations of up to several mg/l without any
discolouration or turbidity of water. In drinking-water supplies, Fe(II) and Mn(II) get oxidized to their
insoluble forms as a result of inevitable contact with atmospheric oxygen. Iron is precipitated as insoluble
iron(III)hydroxide, which settles out as rust-coloured silt. Staining of laundry and plumbing may occur at
concentrations above 0.3 mg of iron per litre. Iron also promotes undesirable bacterial growth ("iron
bacteria") within a waterworks and distribution system, resulting in the deposition of a slimy coating on the
piping. At concentrations as low as 0.02 mg/l, manganese causes brown or black spots on laundry and
plumbing fixtures as well. Concerning the organoleptic properties of drinking water, at concentrations
exceeding 0.1 mg/l Mn and Fe impart an undesirable taste to beverages.
Many treatment methods are widely used for the reduction of Fe, Mn and NH 4+ content in drinking water.
Due to the complexity of water chemistry, the applicability of any removal system is site-specific and there
can be significant variations in each particular treatment scheme.
The use of different forms of MnO2 has proven its ability to remove Fe and Mn from water. It is a relatively
inexpensive tool, which has been largely used in water treatment processes. MnO 2 is capable of doing two
important operations. First, oxidize Fe and Mn into insoluble forms. Second, MnO 2 has relatively high
sorption capacity towards divalent metal ions including Ra2+.
Despite the HMO-technology is not intended to deal with NH4+ in drinking water, the experiments on the
pilot-setup installed at Viimsi DWTP demonstrated, however, high ability in the removal of ammonium
cation. NH4+ concentration was decreased below the threshold limit. The most likely cause was the
development of nitrifying bacteria in aerator and sand filter. The hypothesis on bio-oxidation of ammoniumnitrogen was supported by ion-chromatography analyses, where a remarkable rise of NO3- was detected
indicating, therefore, the nitrification process.
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Contemporary MnO2 based treatment includes the use of catalytic filter materials, i.e. either MnO 2 coated
media with a support base or MnO2 solid mined ores. Another approach of implementing the catalytic
oxidation is the injection of preformed hydrous manganese oxide (HMO) slurry into the water and
subsequent filtration of resultant suspension. This method has several advantages among other MnO 2
based technologies. Radium-containing particles are accumulated in the upper part of the filter, so they
could be easily removed using the backwashing procedure. The backwashing could be accomplished
using only water and compressed air, so there is no need to use expensive chemicals for the regeneration
of filtration media. Also, HMO slurry could be synthesized on-site using relatively inexpensive chemicals
such as KMnO4, MnSO4 and NaOH.
The results obtained from the pilot plant confirmed that HMO- technology may serve as an effective tool
to deal with the problems related to the elevated concentrations of Mn, Fe, NH 4+ and Ra in groundwater.
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Siiri Suursoo, Institute of Physics, University of Tartu, Estonia
As a part of the LIFE ALCHEMIA project, a pilot water treatment plant using the HMO (hydrous
manganese oxide) process is being tested in Viimsi, Estonia.
The pilot device is situated on the premises of Viimsi Water Ltd. The plant is fed by Cambrian-Vendian
groundwater with elevated radium content. Depending on the combination of wells used, the activity
concentration of radium-226 ranges from 240–620 mBq/L, while radium-228 activity concentration is
between 360–840 mBq/L. The indicative dose of the raw water exceeds the parametric value (0.10
mSv/yr) 2.3 to 5.5 times.
The technological process consists of three stages: first, water is aerated, then the HMO solution is
added, and finally, the resulting precipitates are filtered out (see chapter “The hydrous manganese oxide
(HMO) process” for more details). Lab-scale experiments of the HMO process demonstrated removal rates
above 80% for manganese, iron and radium. According to the results of lab experiments, two schemes
were chosen for testing on the pilot plant:
A)

Aeration → HMO oxidation → Filtration [gravel–sand–anthracite], periodic dosing (8h per day)

B)

Aeration → HMO oxidation → Filtration [gravel–sand–anthracite], continuous dosing (24h per
day)

From the viewpoint of radiation protection, three aspects of the treatment process need to be
monitored: cleaned water, filter material, and backwash water.
Cleaned water. Despite positive results on lab-scale, periodic dosing was not able to remove enough
radium on the pilot plant. The average removal efficiency of radium was only 55%. More promising
results were obtained with continuous dosing. Depending on the HMO dose rate, values near 100% may
be achieved. Continuous operation of the pilot plant is a key issue in achieving a stable treatment
process – radium removal efficiency decreased significantly when the treatment process was temporarily
stopped for two months.
Filter material. During the observation period (15 months) radium activity concentrations in anthracite
have reached ca. 1000 Bq/kg. Although the technology is not NORM-free, the accumulation rate is
significantly lower than with the previous technology used in the Viimsi water treatment plant. Moderate
accumulation of radium is observed in the sand.
Backwash water. Some of the radium is removed from the filter material by regular backwash with clean
water. However, radium concentrations in the backwash do not get high enough to require specific
attention from the perspective of radiation protection.
Even though NORM-free water treatment is difficult to achieve when Cambrian-Vendian groundwater is
used, HMO technology is a big step closer to an optimised solution for radionuclide removal from
groundwater.
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Terje Luure, Tallinn Waste Recycling Center Ltd., Estonia
Tallinn Waste Recycling Center is a waste management company owned by the city of Tallinn.
It started operation in 2003, at present the company has 86 employees. The main activities of
Tallinn Waste Recycling Center are waste transport, waste fuel production, bio-waste
composting, bottom ash handling and ageing and landfilling.
Since August 2019, Tallinn Waste Recycling Center is the first and only waste management
company in Estonia having a permit for NORM waste handling. The NORM waste is taken to
the Jõelähtme landfill situated about 20 km east from Tallinn. It covers 67 hectares and serves
more than 500 000 people in western and northern Estonia, including the West-Viru county.
Preparations to receive the permit for NORM waste handling took two years. Preparatory work
by Tallinn Waste Recycling Center included the following:


Radiation safety assessment for the disposal of filter material from the water treatment
industry contaminated with radium-226, radium-228 and thorium-228 on Jõelähtme
landfill.



Formulation of NORM waste management procedures on the landfill and purchase of
measuring instruments for monitoring the work.



Training for workers.



Observation of radium and thorium background in the leachate water of the landfill,
monitoring will continue throughout the operation of the landfill.

The first load of NORM waste reached Jõelähtme landfill in January 2020. 40 tonnes of NORM
waste from the Viimsi Water Ltd. water treatment plant was put into a pit and covered with
mixed municipal waste. The area on the landfill was marked with a radioactivity hazard sign.
Doses to workers stayed well below a micro-Sievert as the operation time was very short.
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Prof John Fawell, Cranfield University, Water Science Institute, UK
The WHO Guidelines for Drinking-water Quality are the scientific point of departure for setting
national standards. The Guidelines are now based around a Framework for Safe Drinking-water at the
heart of which are Water Safety Plans, a proactive, preventive approach to managing drinking-water
quality. These are supplied specific and require hazards to be identified from source to tap, risk
assessed and managed. Radioactivity is one of the potential hazards covered in chapter 9 of the
Guidelines and supported by a stand-alone document that is presented in plain language for nonexperts in a question and answer format. The Guidelines cover non-emergency situations.
(https://www.who.int/water_sanitation_health/publications/management-of-radioactivity-in-drinkingwater/en/)
The guidelines recommend screening values for gross alpha (0.5 Bq/L) and gross beta (0.1 Bq/L)
activity based on a conservative IDC (Individual Dose Criterion) of 0.1 mSv from one-year consumption
of 2 Ls drinking-water per day. The Guidelines apply to natural radionuclides of the thorium and
radium decay series; they do not cover radon which is considered separately as a gas. They also apply
to human-made radionuclides such as caesium-134 and 137, strontium-90, iodine-131, tritium and
carbon-14. However, levels in drinking-water are generally very low. For screening supplies, it is useful
to have samples at different periods (seasons) to establish variability.
Should a screening value be exceeded, the first step is to repeat the analysis. If it is still exceeded, then
a detailed analysis is required to identify the actual radionuclide/s responsibly. The levels can then be
compared to the individual Guidance levels for each radionuclide. Where more than one radionuclide
is involved then the sum of the measured activity concentration above the respective limit of detection
of each radionuclide divided by the guidance level for that radionuclide, calculated using the default
assumptions (adult, 2 L/day) should not exceed 1. If that is the case then options for reducing
exposure should be considered but it should always be remembered that an adequate supply of safe
drinking water is vital and one hazard should not be exchanged for a more serious one, such as
waterborne microbial pathogens. Neither the screening values nor the IDC should be interpreted as a
limit above which drinking-water is unsafe for consumption.
Screening is not useful for some elements, e.g. lead-210 and radium-228 due to low energy of their
beta particles. This is rare and requires individual analysis, where indicated.
If there is a need to manage radioactivity in the supply the first step would be to consider the
possibility of alternative supply if a safe supply was available. The second step is to consider whether
blending with a low activity supply is possible, again making sure that the supply is safe. The third step
is to consider installing or modifying treatment. Some treatment trains applied to surface waters are
effective at removing suspended radionuclides and adsorptive treatments may be used for
groundwater. However, proper consideration must be given to safe disposal of waste streams, which
consist of concentrated radioactive material compared to the source water.
In emergencies, the IAEA Safety Standards Series should be consulted.
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I.M. Rodríguez Ruano, Provincial Government of Almeria, European Initiatives and Economic Development
Section, Spain
J.L. Casas López, Solar Energy Research Centre (CIESOL), University of Almeria; Spain
At the beginning of the 20th century, there was a total lack of knowledge about the parameters that could
be considered beneficial or not in the quality of the drinking-water destined for the Spanish population; in
fact, the term radioactivity on the labels of bottled water was synonymous with "miracle cure for everything".
The increase in health protection in general, and in particular of water for human consumption, has allowed
a constant evolution through European and Spanish legislation, which has led us to achieve a precautionary
principle to ensure a high level of protection in the health of the population.
The consolidated text in force that transposes the Directive 2013/51/Euratom into the Spanish legislation is
the Royal Decree 140/2003, which establishes the health criteria for the drinking-water quality. However,
natural radioactivity is not being systematically analysed at the national level and gross alpha activity is one of
the parameters with the lowest percentage of compliance. The magnitude of the problem can only be
analysed in small areas of the Spanish geography since only 19% of 10.160 supply areas registered in the
Spanish National Drinking Water Information System (SINAC) reported data on gross alpha activity in 2018,
being Almería one of the pioneer provinces in the control of natural radioactivity.
Since 2003, it has been installed 15 drinking water treatment plants based on reverse osmosis to eliminate
natural radioactivity from groundwater intended for human consumption in Almeria. However, these
treatments have a high water and energy footprint associated, generating high volumes of reject water and
complex management of their consumables.
The LIFE ALCHEMIA UE project (LIFE16 ENV/ES/000437) aims to eliminate the natural radioactivity present in
groundwater destined for human consumption through bed filtration systems with different granular
materials, ensuring compliance with the parametric values established in the legislation in force (Royal Decree
140/2003). Furthermore, to minimise the generation of NORM wastes (Naturally Occurring Radioactive
Materials) associated with this type of installations that require non-conventional management (Directive
2013/59/EURATOM, pending transposition to the Spanish legal system).
In the province of Almeria, three pilot plants have been designed and built with a treatment capacity of 10.8
m3/h each, installed in series between the water catchment wells and the reverse osmosis plants in service.
The versatility of the designed pilot plants allows to change the order of filtration between their tanks, dosage
of reagents and to carry out a water and energy analysis. This will allow making a comparison between the
pilot plants under study and the current treatment systems.
After several months of operation, the first analytical results conclude that it has been possible to reduce the
total indicative dose by over 65%, achieving percentages of elimination of the radioisotopes Ra-226 and Ra228 of 98% and 86%, and of 42% and 40% in the case of U-234 and U-238. The current reverse osmosis
treatment systems have rejection volumes that range from 36-42%, compared to 9-12% obtained with the
pilot plants of the LIFE ALCHEMIA project, that represent a water consumption mean reduction of 80%. In
the same way, the energy consumption has been reduced by 87%.
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Maria Leier, Institute of Physics, University of Tartu; Estonia
To follow the ALARA principle in the field of drinking water treatment, one must also consider
technical knowledge and economic factors. The aim of the Cost Analysis (CA) tool is to provide a
helpful step to make a reasonable choice between technology in use and technology developed
during LIFE ALCHEMIA. Reasonable is here considered as an appropriate decision to lower costs and
reduce NORM. The tool was developed taking into account that it can be used independently and
only economic aspects are considered, therefore, in the final phase, social and other related aspects
should also be thought of. CA tool parameters are divided into two – local conditions of the WTP and
also selected criteria which are required during LIFE ALCHEMIA project but also from the initial
feedback from the operators. Parameters and costs are described with a unit production cost in €/m3.
This is calculated for implementation costs and operating costs such as one-time implementation costs,
filter material, backwash and chemical costs.
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Annex 2.
Seminar programme
Day 1 (3rd of March)
08.30 – 09.00

Arrival and registration

09.00 – 09.15 Introduction to the seminar (Taavi Vaasma, UT) and overview of the LlFE ALCHEMIA project
(Marta Gomez, CARTIF)
09.15 – 09.45

Overview of radionuclides in drinking water in Estonia ( Siiri Suursoo, UT)

09.45 – 10.15 Creation of NORM in the filter materials – why, how and what magnitude. The situation in
Estonia. (Taavi Vaasma, UT)
10.15 – 10.45

Health risk assessment – why, how and to whom? (Maria Leier, UT)

10.45 – 11.15

Coffee break

11.15 – 11.45 Management of NORM – monitoring, notification, responsibilities and regulatory aspects.
(Karin Muru, The Environmental Board, radiation department)
11.45 – 12.15

Drinking water radioactivity and NORM issues in Finland ( Niina Leikoski, STUK)

12.15 – 13.30
13.30 – 14.00

— LUNCH —
Results obtained on the HMO pilot at Viimsi DWTP: purification efficiency; reduction in
NORM generation etc. (Siiri Suursoo, UT)

14.00 – 14.30

Other constituents in the drinking water impacting its quality and their removal needs.
Overview of the HMO technology and the pilot set up at Viimsi DWTP. ( Juri Bolobajev,

Taltech)
14.30 – 15.00

The practice and requirements of accepting NORM to Jõelähtme landfill ( Terje Luure, TJT)
— END OF FIRST DAY —-

Day 2 (4th of March)
08.45 – 09.00

Arrival and registration

09.00 – 09.30

WHO guidelines based on the document “Management of radioactivity in drinking
water” (John Fawell, technical expert, independent consultant for WHO )

09.30 – 10:00

Overview of natural radioactivity issues in drinking water in Spain. Preliminary results
obtained from the LIFE Alchemia project. (Isabel Rodríguez, Provincial Government of

Almeria & Jose Luis Casas, CIESOL).
10.00 – 10:30

Coffee break

10.30 – 11.00

Introduction to Cost Analysis tool for DWTP operators*. ( Maria Leier, UT) Practical exercise
part 1 – evaluating implementation and operational costs during transitioning from one
purification technology to another; a case study. Practical exercise part 2 – implementation
of the Cost Analysis tool during different scenarios, case studies

*For more active participation in the practical exercise, please bring your laptop.
11.00 – 11.15

Concluding the seminar.
—- END OF THE SEMINAR —-
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