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FOREWORD
Two years after it was scheduled MinWat 2020 (now MinWat 2020+2), the 3rd International
Multidisciplinary Conference on Mineral and Thermal Waters, is held in Caserta (Italy). The
delay due to the known cause of the pandemic crisis did not discourage the Organizing
Committee and the participants to meet, following up on previously organized and
successful meetings held in 2014 and 2017 in Karlovy Vary (Czech Republic) and Luso
(Portugal). According to the aim of the past editions, the Conference will be an opportunity
to stimulate ideas and discussion on the topic of mineral and thermal waters, involving
scientists, academics, professionals, policy makers and the business world.
This Abstract Book contains abstracts of technical oral and poster contributions accepted to
the MinWat 2020, and the invited keynote presentations. The abstracts were evaluated by
the members of the Scientific and Organizing Committees. Approximately 90 abstracts from
26 countries have been accepted for oral and poster presentations.
The Abstract Book is opened by the introductory note from the President of the IAH
Commission of Mineral and Thermal Waters (IAH CMTW), Jim Lamoreaux, and it is
organized according to the four topics of the Conference:
Topic 1 - Hydrogeology and geochemistry of mineral and thermal waters
Topic 2 - Protection and management of mineral and thermal waters
Topic 3 - Bottled mineral waters
Topic 4 - Health issues, balneology and balneotherapy
Each topic is introduced by the abstract of the keynote speaker and followed by the technical
contributions of the session.
The publication of this volume was made possible thanks the contribution of the Organizing
Committee.

Editors
Alfonso Corniello
Emilio Cuoco
Paolo Fabbri
Giovanni Forte
Vittorio Paolucci
Vincenzo Piscopo
Dario Tedesco
Stefano Viaroli
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INTRODUCTION
Welcome to MinWat 2020+2. This, the 3rd International Multidisciplinary Conference on
Mineral and Thermal Waters, is the largest one so far. There are 90 presentations: 40 oral
and 50 posters split into four topical areas. Topics include Hydrogeology and Geochemistry
of Mineral and Thermal Waters; Protection and Management of Mineral and Thermal
Waters; Bottled Mineral Waters; and Health Issues, Balneology and Balneotherapy. These
topical areas constitute important aspects of the environment and world economy as
identified by the International Association of Hydrogeologists (IAH) 50 years ago. At that
time IAH formed the Commission on Mineral and Thermal Waters (CMTW) as one of their
initial commissions. Sponsors and participants of this conference are indicative of the key
players continuing to address these issues today and into the future.
This Conference is unique in that it includes participants from the scientific, academic,
industrial, and medical communities and professional and regulatory organizations. Very
few, if any, conferences bring professionals from this range of disciplines together to discuss
mineral and thermal waters and their impacts on the management of the world’s critical and
increasing need for water. Water through interaction with rocks acquires unique physicochemical characteristics, mineral content and temperature-forming mineral and thermal
properties. These waters have been used for consumption, healing, bathing, therapy, or
religious rites for thousands of years.
MinWat 2020+2 is directed towards exchange of professional knowledge among attendees;
familiarization with mineral and thermal water properties, occurrence, and utilization; and
dissemination and publication of new achievements and research. Keynote speakers and
oral and poster presenters alike will focus their presentations on key aspects of mineral and
thermal waters occurrence and formation in the earth’s hydrosphere. Included in these
discussions will be the socio-economic role they play in modern societies resulting directly
from their use and application.
Dissemination of the material presented will be through publication in the Conference
Abstract Book for which this is the Introduction. In addition, selected presentations will be
expanded based upon discussions at the conference and/or additional research. These will
be published in a thematic issue in Environmental Geochemistry and Health published by
Springer.
Finally, the CMTW would like to pay tribute to those who came before and played an active
role in making the CMTW one of the stars in the world of water. These include Jan Dowgiallo,
Arpad Lorberer, Philip LaMoreaux, and Hussein Idris. In addition, IAH Italy, Ferrarelle
Spa and numerous other sponsors, organizers and colleagues have worked diligently to
make this meeting possible. Many participants attend conferences not realizing how much
work takes place behind the scenes to make the meeting run smoothly. Please thank the
organizers and sponsors for their dedication, hard work and support.
Chairman of the IAH CMTW
Jim LaMoreaux
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Topics and
Sessions
The Conference intends to be an opportunity to stimulate ideas and discussion on different
topics related to the world of mineral and thermal waters. Interactions of varied viewpoints
will be encouraged. Topics and sessions are addressed to broaden the participation of
experts and professionals in the fields of research, industry, medicine, consulting and
management. A special session will be dedicated to Italian mineral and thermal waters.

Topic 1 - Hydrogeology and geochemistry of mineral and thermal waters
Hydrogeological origin and hydrogeochemistry of mineral and thermal waters –
Hydrogeological conceptual models of hydrostructures – Hydrogeochemical models for
mineral water prospection - Isotope geochemistry for mineral water investigation –
Water/gases/rock interactions: origin and investigation of mineral aquifers – Undesiderable
natural solutes in mineral waters - Hydrogeology of mineral and thermal waters in islands
and coastal areas.

Topic 2 – Protection and management of mineral and thermal waters
Protection of mineral and thermal water resources, risk assessment and quality protection
policies – Protection areas of mineral and thermal waters - Exploitation and management of
mineral and thermal waters – Sustainable yield of hydrothermal areas – Mathematical
modelling of thermal and mineral hydrosystems - Maintenance of the quantity and quality of
mineral and thermal waters - Environmental aspects of sustainable management with
mineral and thermal waters - Legislation of mineral waters in the world.

Topic 3 - Bottled mineral waters
Challenges and opportunities of the bottled water sector - The original (pristine) purity of
natural mineral waters – Tools and methods able to detect emerging contaminants - Mineral
water brands and the health claims based on the recent EU legislation – Mineral waters as
part of food, and legislation on health and nutrition - Safety of packaging: the issue of plastics
(the safety of PET bottles) - Daily intake of mineral waters links with the definition of natural
mineral waters, contents of natural minerals and its effect on health - The issue of medicinal
effect of bottled mineral waters – Microbiological quality of natural mineral waters Environmental sustainability of mineral water bottling – Bottled water in developing
countries: advantages and disadvantages.
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Topic 4 - Health issues, balneology and balneotherapy
Medical use of mineral and thermal waters in diseases of locomotor apparatus and in
breathing apparatus diseases - Medical use of the sulphurous waters in skin diseases Medical use of mineral and thermal waters in gastroenterology and dermatology diseases Use of mineral and thermal waters in sports rehabilitation - Application of mineral and
thermal waters in cosmetology – Mud therapy as a natural anti-inflammatory treatment.

Round table: Italian Mineral and Thermal Waters, from research to
sustainable management
In Italy, 322 types of mineral waters are recognized by the EU. In 2014, the production of
mineral waters was of about 12 billion liters for a turnover of about 2.4 billion euros.
Enterprises classified as thermal establishments are about 380. In 2012, the total revenue
of the spa industry was approximately 720 million euros. Over the last five years spa tourism
involved 12 to 15 million visitors per year, corresponding to approximately 4% of tourists in
Italy. Despite the flourishing bottled water market and thermal tourism, the debate on
sustainable management of the Italian mineral and thermal water resources among
researchers, managers and policy makers does not appear to be sufficiently developed. The
session is an opportunity to stimulate discussion among the different actors on these
important groundwater resources via invited speaker seminars and a round table.
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WHEN POSEIDON MEETS HEPHAESTUS: HOT SPRINGS OF GREECE
D’Alessandro W.1
1

Istituto Nazionale di Geofisica e Vulcanologia, Via U. La Malfa, 153 – 90146 Palermo, Italy
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Abstract
In the ancient Greek world all natural phenomena were considered signs of the action of deities.
Natural hot springs were perceived as manifestations of some god’s benevolence. Still nowadays
many of them are considered as “life-giving springs” and dedicated either to the Virgin Mary or to
some saint.
Due to its geodynamic history, Greece is particularly rich in thermomineral waters. These show a
large range in geochemical characteristics, strongly dependent on the geology of the area. Their
balneotherapeutic use has a long tradition in Greece and also Hippocrates, who is considered the
“Father of medicine”, recognised the therapeutic value of thermomineral waters.
Today, hot waters are largely used in the country also for heating purposes (buildings, greenhouses,
etc.) but despite some high enthalpy geothermal fields has been discovered no geothermal power
plant is currently in operation. The only one that produced electricity for some years on Milos island,
has been stopped by the protests of the inhabitants due to environmental issues (noise and sulfur
gas emissions).
This highlights the fact that geothermal energy is not always as clean as thought and that
thermomineral waters have not always to be considered healthy. These waters are often very rich in
solutes and show sometimes very high levels of potentially toxic elements. One example is arsenic
that shows often high concentrations in Greek thermomineral waters with values occasionally higher
than 1 mg/L. High arsenic levels in groundwater are often found in areas known to be the site of
widespread hydrothermal circulation (e.g. Chalkidiki, Sperchios basin, Lesbos, etc.) and are
attributed to contamination from thermomineral waters.
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ELECTRICAL GEOPHYSICAL METHODS FOR DETECTION AND UNDERSTANDING
OF CO2-RICH MINERAL GROUNDWATER SYSTEMS – APPLICATION IN THE
ARDENNES REGION, SOUTH-EAST OF BELGIUM
Defourny A.1, Kremer T.2, Collignon A.1, Jobé P.1, Nguyen F.3, Dassargues A.3
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Abstract
Naturally CO2-rich mineral groundwaters have been exploited for centuries for bottling and for
thermal activities and still constitute a dynamic economic market. Given the importance of soda
waters in beverage market, the detection and sustainable management of new producing zones will
become of great interest to secure future supply. However, CO2-rich mineral water systems are still
difficult to fully understand since they usually involve a complex network of water bearing fractures
enabling the uplift of CO2-rich groundwater to the surface. A scientific approach of prospection
preceding drilling operations is crucial to detect in a robust manner potential uplift zones and to
address corresponding uncertainties. In this context, non - to minimally - invasive near-surface
geophysical methods have proven to be efficient. Particularly, electrical tomography resistivity
images are suited for the delineation of faults in fractured rocks. Nevertheless, they do not enable to
discriminate CO2-rich groundwater. The objective of this contribution is to assess the value of
combining electrical resistivity with induced polarization methods to explore specifically
carbogazeous sources. Electrical resistivity methods study the opposition of electrical flow in rocks
whereas induced polarization investigates the capacity of rocks to store electrical energy (or
charges), referred to as chargeability. Both data sets are complementary and can be acquired
simultaneously using the same system and field setup. Several combined electrical resistivity and
induced polarization tomographies were performed in the Ardennes Region in the south east of
Belgium where CO2-rich mineral groundwaters are bottled in the sites of Bru-Chevron and Spa
Monopole (Spadel Group) for an annual production of more than 40 ML of naturally sparkling mineral
water. The profiles were collected near known uplift zones and the results were yielded similar
characteristics displaying strong contrasts in both electrical resistivity and chargeability at the spring
location. On one hand, resistivity contrasts are interpreted as fractures enabling the uplift of deep
groundwater to the surface. On the other, the results suggest that chargeability contrasts are
associated with the presence of metallic oxides and hydroxides in the upper part of the aquifer. Due
to their high content in dissolved CO2, carbogazeous groundwaters are acidic in depth and tend to
dissolve metallic minerals from the host rock. These ions can precipitate as oxides and hydroxides
following the pressure decrease and change in redox conditions during the upflowing towards the
land surface. We conclude that the combination of electrical resistivity and induced polarization is a
very promising tool for a more robust prospection of naturally sparkling groundwaters.
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HYDROGEOCHEMISTRY AND CHEMICAL GEOTHERMOMETRY STUDIES OF A LOW
TEMPARATURE SAVCILI-BÜYÜKOBA (KIRSEHIR) GEOTHERMAL SYSTEM,
CENTRAL ANATOLIA
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Abstract
In this study, hydrochemical characteristics of the low-temperature geothermal system of SavciliBüyükoba (Kirsehir) were investigated in order to identify the origin of the thermal waters, estimate
the reservoir temperature and explain the hydrogeochemical processes in the geothermal system.
Within this scope, twenty six water samples were collected during the period between March 2014
and August 2014, and sent to the laboratory for hydrochemical and isotope (δ2H, 3H, δ18O) analysis.
The physical and chemical parameters (pH, specific electrical conductivity and temperature) of the
water samples were measured in the field. Conceptualization of the geothermal system is based on
the evaluation of major ions, trace element and isotope analysis results and the field observations.
Thermal waters in the study area are Na-Cl type whereas the cold waters are Ca-HCO3. Temperature
of the thermal waters ranges between 30.01-34.06°C. pH of thermal waters in the study area are
between 9.19 and 9.20. These waters have alkaline character and the specific electrical conductivity
values range between 513-565 µS/cm. Thermal waters are saturated with dolomite, chalcedony,
calcite, aragonite and quartz minerals. These waters are probably in contact with the granitoids
observed in the region due to the relatively low electrical conductivity values, the low magnesium
and calcium concentrations with high saturation to carbonate minerals, the high pH and having
sodium as the dominant cation. The applicability of various geothermometers was verified and it is
determined that silica geothermometers were more suitable for this geothermal system.
Temperature of the thermal reservoir is estimated to be within the range of 68 and 74°C using
chalcedony geothermometers. δ18O - δ2H values of thermal waters are plotted close to Global
Meteoric Water Line with no apparent shift. Based on the relationship established between δ18O, δ2H
and elevation values, it is estimated that thermal waters originate from precipitation with a recharge
elevation between 1561 and 1567 m. The tritium values of thermal waters (0.2 TU±1) indicate
relatively longer residence times within the deep geothermal reservoir which is composed of
Mesozoic granitoids. According to the Savcili-Büyükoba conceptual hydrothermal model; thermal
waters are of meteoric origin and recharge to the system occurs through the main discontinuity
zones. These waters percolate through the granitoid reservoir and heated by thermal gradient and
resurface along the major faults.
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HYDROCHEMICAL AND RADIOMETRIC EVALUATION OF MINERAL AND SURFACE
WATERS FROM ARAXÁ CITY, MINAS GERAIS STATE, BRAZIL
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Abstract
238

U is a naturally occurring radionuclide that contributes significantly to the terrestrial radioactivity.
It is progenitor of the mass number (4n+2) decay series, in which are present its descendants 234Th,
234
Pa, 234U, 230Th, 226Ra, 222Rn, 218Po, 214Pb, 214Bi, 214Po, 210Pb, 210Bi, 210Po and 206Pb. Such
radionuclides are produced continuously in rocks and minerals, with some of the noble gas radon
(222Rn) escaping from these matrices to the surrounding air or water, thus, forming 210Po in the
atmosphere, which is removed by precipitation and yields quite variable values in rainwater. 210Po
has been identified as a conservative nuclide very useful in studies of weathering processes, even
in areas characterized by anthropogenic inputs. The uranium isotopes 238U and 234U are in secular
equilibrium in minerals and rocks older than 1 Ma if the systems are closed for U, implying that the
234
U/238U activity ratio (AR) is unity in them. However, water-rock/soil interactions frequently result in
ARs values above 1 for dissolved U. 238U, 234U and 210Po in water are well-documented radionuclides
for health risks. WHO proposed guidance levels of 10, 1, and 0.1 Bq/L, respectively, for their activity
concentration in drinking water in order to not exceed the reference dose level of the committed
effective dose equal to 0.1 mSv from 1 year’s consumption. In general, the size, climate, lithology,
stratigraphy, hydrogeology, geochemical conditions, and extent of water- rock/soil interactions are
among the factors responsible for the variability in the dissolved U content and ARs>1 values in the
aquifer systems. This study reports data of these dissolved radionuclides in two well-known natural
mineral water sources (BJS-Dona Beja and AJS- Andrade Júnior springs) occurring at Barreiro area,
Araxá city, Minas Gerais State, Brazil, which are extensively used for drinking and bathing purposes
at the spa situated at the past "Grand Hotel Hydrothermal Complex" (today Grand Hotel Tauá). The
activity concentration of 238U, 234U and 210Po in these waters was below the WHO guideline reference
value for them in drinking water but exceeded 0.1 Bq/L for 210Po in rainwater due to the niobium and
phosphate fertilizer mining activities taking place there. The DBS waters are cold and have low
salinity, whereas the AJS waters are hypothermal, alkaline and sulfured, exhibiting high electrical
conductivity (7.1 mS/cm) and salinity (total dissolved solids = 2898 mg/L), as a consequence of its
deeper circulation in fractured rocks surrounding the carbonatite complex at Barreiro area. This study
also compared the major hydrochemical and radiological characteristics of the DBS and AJS waters
with those of other surface waters and rainwater occurring at Barreiro area and nearby in order to
identify possible interactions among them and to evaluate the degradation of their quality due to the
anthropogenic inputs occurring there.
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HYDROCHEMICAL ANALYSES AND MODELLING TO DETECT DRIVING FORCES OF
KARSTIFICATION; THE CASE STUDY OF THE UK MAGNESIAN LIMESTONE GROUP
(SPEN FARM, NE ENGLAND)
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Abstract
Viruses and bacteria which are characterized by finite lives in the subsurface are rapidly transported
via enlarged fractures and cavities in karst aquifers. Here, we investigate the driving forces of
development of highly conductive conduits in the Permian aquifer of the Magnesian Limestone
Group in the area of the University of Leeds experimental farm (Spen Farm, NE Yorkshire). This
fractured and karst aquifer is highly heterogeneous; it is characterized by ~30 meters of evaporates
which are interbedded in two dolomitic units ~35 m thick. Physical and geochemical parameters of
surface and groundwater have been assessed in boreholes, springs and streams. Temperature,
conductivity, pH, and alkalinity were recorded in the field. Major anions and cations and DOC were
determined in the laboratory. Hydrochemistry data show a Ca2+-Mg2+ bicarbonate-type composition
for the groundwater of the Magnesian Limestone Group. Binary diagrams provide information on the
chemical processes occurring in this heterogeneous karst system. Na+-Cl- linear regression is
perfectly parallel to the 1:1 ratio which indicates dissolution of halite. Similarly, SO 4--Ca2+ linear
regression is parallel to the line of gypsum dissolution. This arises from dissolution of evaporates
which are characterized by ~10 m large dolines. Saturation indexes computed for calcite, aragonite,
and dolomite indicate that the groundwater is saturated with respect to these three mineral species.
Despite this, the UK Magnesian Limestone shows karstic fracture aperture enhancement in the top
~15 m below the water table, as well as cavities in correspondence of faults. Such karstic
development is most likely driven by in situ bacterial consumption of DOC present in the
groundwater, derived from the soil zone, as well as external input of CO2 via the gas phase from the
soil zone. Indeed, pCO2 ranged from 0.001 up to 0.026. These values are higher than the
atmospheric pCO2 of 0.00035 as is common for soil and groundwater. These conditions will lead to
continued dissolution in the dolomitic units, creating karst porosity along fractures. Finally,
geochemical modelling constraining the above described bio-geochemical scenario will complete
the research.
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THE MAURITIUS MINERAL SPRING IN ST. MORITZ (UPPER ENGADINE VALLEY, SESWITZERLAND) FROM PARACELCUS TO TODAY AN OVERVIEW OF ITS CHEMICAL
COMPOSITION OVER MORE THAN TWO CENTURIES
Piatti E.1, Werner B.2
1
2
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Abstract
This spring is used as dated on the original shaped spring capturing tree truncs by radiocarbon
method of 1411 BP, since Keltic times through the Middle Age to today.
It became especially famous through its mention by Paracelsus, who visited the spring in St. Moritz
in 1535: “this spring water is most acidic in August and who drinks of this water as a real medicament
will stay healthy” (free translation).
The water is famous for its iron content and the very high dissolved and gaseous CO 2. This special
feature is directly related to the tectonic situation of the Engadine Valley where a tectonic fault line
exists, trending along its eastern valley flank from south west to north-east, from Maloja to Zernez
which gives pathways for the up-welling gaseous CO2. A more southern branch of this Engadine
fault line is also present in the lower Engadine valley in the area of Scuol Spa, where also a multitude
of CO2 rich mineral springs exist.
The special character of the Mauritius spring, due to its history and to its wide- known “brand”, made
it attractive to be analyzed by famous chemists for over more than two centuries. The aim of the first
author was to collect all these “historic analyses” according to the original published literature
sources and to unify their contents by transforming the original “alchemistic units” into the todays
used chemical SE -units. In order to allow a comparison of the chemical composition of this Mauritius
Mineral spring during the whole observed interval and deduce potential variations, this comparison
had also to account for the expressions in historical weights and volume units as also for the
uncertainties of the changing analytical techniques.
From this first final version of the results in homogenized chemical units of analyses covering a range
from 1788 to 2019 follows that the chemical composition of the Mauritius Mineral spring water
remained with some variations very stable what suggests its use as medical drug also throughout
future time. Concerning the HCO3 concentrations a trend to increasing concentrations from 1900 to
2019 can be observed. Its interpretation is open to discussion, however a decompressional tectonic
stress regime along the Engadine Fault zone is considered as most probable.
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MAJOR ION AND STABLE ISOTOPE COMPOSITIONS OF THERMAL AND MINERAL
WATERS IN EASTERN TURKEY
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Abstract
In this study, we investigate the hydrogeochemistry of eastern Anatolian thermal and mineral waters
with regard to major ion compositions and stable and tritium isotope systematics. Studied waters
with discharge temperature from 24 to 65°C are represented by a wide range of pH (2.4 to 10.4) and
EC (203 to 10434 µS/cm) values. Dissolution of carbonates, water-rock interaction, oxidation of
sulfur-bearing minerals and chloride enrichment processes possibly control the abundance of major
ion concentrations in waters. The northern, central and southern districts in the region which display
different local meteoric water lines are represented by deuterium excess of 15.0, 13.9 and 16.5‰
VSMOW. The enrichment in oxygen isotope composition in some thermal waters is attributed to
water-rock interaction process and 18O exchange process between CO2 and H2O. The decrease in
δ18O and δ2H of waters from the Black Sea region (northern district) is estimated 0.3‰ and 2.4‰ for
100 m increase in altitude, corresponding to recharge elevations between 1350 and 1600 m asl
which comprise the Eastern Black Sea mountain range. The δ34S and δ18O values in dissolved
sulfate fall in a wide range from 6.2 to 32‰ VCDT and from -2.5 to 14.8‰ VSMOW implying that
sulfate isotope systematics of most waters is controlled by the dissolution of terrestrial sulfate and
marine evaporites. The reservoir temperatures computed by chemical and isotopic
geothermometers of K-Mg (27-127°C), silica (29-179°C) and 18OSO4-H2O (51-196°C) and by the silicaenthalpy mixing model (130 to 235°C) yielded inconsistent results. Although the eastern Turkey is
represented by active tectonism and recent volcanism, it is home to low- to moderate- temperature
geothermal systems. It is thought that high secondary porosity of intensely fractured PlioceneQuaternary volcanics and the absence of impermeable lithologies make geothermal reservoirs in
this region more vulnerable to cooling via mixing with cold waters.
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Abstract
At present, isotopic criteria are widely used for the study of mineral waters’ origin. However,
interpretation of the isotopic data is not possible without calculation of hydrochemical ratios that is a
traditional tool for these purposes. The aim of the present investigation is to compare the results of
mineral waters’ origin study of two platform occurrences, one of which is located in the northwestern
part of the Mid-Russian artesian basin (Staraya Russa), another one is in the southern part of the
West-Crimean artesian basin, on the border with hydrogeological massif of Mountainous Crimea
(Bishuli). Both hydrochemical and isotopic methods were used. Samples of mineral waters were
collected from 10 intakes (7 wells and 3 springs) belonging to Staraya Russa spa and from one well
of Bishuli occurrence. For both sites, chemical analyses for major components and some
microconstituents and isotopic study (δ18O, δ2Н, δ34S for Staraya Russa site and δ18O, δ2Н, tritium
and radiocarbon for Bishuli well) have been carried out.
Staraya Russa is one of the oldest and widely used spas in Russia. Hydrogeological conditions in
the vicinity of Staraya Russa spa are complex due to hydraulic contacts between aquifers and the
ascension of deep saline waters into shallower aquifers. There are three Devonian aquifers with the
TDS of about 3, 6 and 19 g/dm3. Origin of the water has been long studied by hydrochemical methods
since the middle of the 20th century. Calculated hydrochemical ratios (rNa/rCl, Cl/Br, etc.) indicated
that mineral waters were mainly of connate origin. Isotopic data revealed the predominant role of the
glacial period infiltration in the water chemical composition. Further interpretation of the data showed
that the origin of all types of waters is associated with mixing processes between waters of different
origin. Bishuli mineral water is extracted from one well since 1991. The host rocks are sandstones
and mudstones of the Lower Cretaceous Hauterivian-Barremian aquifer situated on the depth of 975
– 1182 m. The chemical composition is stable, the TDS is 1.3 – 1.4 g/dm3, predominant ions are
sodium and bicarbonate. The recharge area is situated 60 km away, in the adjacent northern massif
of Crimean mountains. The isotopic study showed that the age of groundwater is about 27000 years,
they have ancient infiltration origin dating back to Dnestr pluvial interstage of the last glaciation.
Calculations of ionic ratios corroborated the isotopic data and confirmed the meteoric origin of the
groundwater with a participation of dissolution processes.
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Abstract
Mineral and thermal waters are usually one of the end members of regional flow systems with
relatively long retention time and many water-rock-gas interactions, resulting in their distinctive
chemical and isotopic composition. We have been investigating origin of water and gas in three
distinctive flow systems in the latest years: thermal waters in the clastic sedimentary Pannonian
Basin in NE Slovenia, mineral waters in andesitic rocks in Rogaška Slatina in E Slovenia, and thermal
water in carbonates in Bled in NW Slovenia. Beside using standard approach in determining main
and trace elements, stable isotopes of oxygen and deuterium, carbon-13 and activity of tritium, we
have also analyzed concentrations and isotopic composition of noble gases, strontium and boron in
more than 13 water samples to identify their origins. We were able to deduct that waters differ much
between each other even though mostly meteoric origin is evident. Infiltrated water temperatures
vary from the current average of 11 °C to below 6 °C in NE Slovenia, and to 8-9 °C in the Alpine NW
Slovenia, while it was not possible to be calculated for Rogaška Slatina due to an additional gas
inflow/degassing. There is also the highest portion of mantle helium observed, up to 97%, while in
NE Slovenia it may reach 17%, very locally more, but in Bled the noble gases origin from the Crust.
Strontium and boron isotopes show large differences and various sources: 87Sr/86Sr ratio is about
0.70832 in Bled; from 0.71171 to 0.71440 in NE Slovenia, and three values, respectively 0.70699,
0.70813 and 0.71060, are distinctive in Rogaška Slatina. Boron sources are also diverse: δ11B shows
two sources in Bled (with 5.0 or 23.9
‰), several in NE Slovenia (values between -20.8 and 1.9 ‰), and also two but heavier sources in
Rogaška Slatina (first between 11.3 and 16.4 ‰ and the second between 26.4 to 31.7 ‰). This
indicative research has shown that such approach is useful for very detailed investigation of origin
of individual water/gas components. However, it also requires sound knowledge on lithological and
hydrogeological properties of each system to be able to make a sound interpretation. This work is
part of the project GeoConnect3d of GeoERA that has received funding by the EU Horizon 2020
research and innovation programme under grant agreement No. 731166, the Slovenian Research
Agency Young Researchers programme contract No. ARRS-SP- 0215/17 6, and activities within the
IGGP project No. 689 supported by the Slovenian National Committee of UNESCO.
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Abstract
Around the world, CO2-rich thermal and mineral waters mainly discharge in areas of i) historical
and/or current seismicity, ii) recent or active volcanism, and iii) high crustal heat flow. These areas
mostly fall near or along boundaries of tectonic plates on the Earth's surface where subduction and/or
magmatic intrusion processes create ideal conditions for deep seated (upper mantle) CO 2 release.
Numerous authors have been studying these CO2-rich thermal and mineral waters. The aim of this
study is to present a summary of thirty-three selected occurrences of CO2-rich waters spread
worldwide. Special focus will be dedicated to places where both hot (thermal) and cold (mineral)
CO2-rich waters occur, and where the higher mineralization of the cold springs indicates that waterrock interaction is strongly enhanced by the dissolution of CO2 in water in low-temperature
environments. Concerning the development of a comprehensive hydrogeological conceptual model
for CO2-rich thermal and mineral waters, three types of geological environments have been
considered, based on the information gathered from the selected CO2-rich occurrences, namely:
Type 1 - dominated by granitic rocks; Type 2 - thick (>1 km) sedimentary rock layers (e.g.,
limestones, carbonates and sandstones); Type 3 - volcanic rocks occurring in areas of ancient,
recent or active volcanism, where metasedimentary complexes can also be present. Synoptic tables
have been created for each CO2-rich occurrence type, showing the characterizing features of each
system (geology, tectonics, CO2 origin, flow paths of water and CO2, recharge, discharge,
geochemistry and temperature). As it is currently developed, the proposed comprehensive
conceptual model of CO2-rich thermal and mineral waters is set in a schematic cross-section of a
“hypothetical graben” where: i) the western block is formed by three different lithologies: (alkaline)
volcanic and metasedimentary complexes, and carbonates, ii) the eastern block is composed of
granitic rocks, iii) the central part of the graben is dominated by limestones and evaporites.
Within this interpretative hydrogeological context, diverse types of CO2-rich thermal and mineral
waters emerge, namely: Ca-HCO3, Na-Ca-Cl-HCO3, (Na)-Cl-SO4-HCO3 and Na- Ca-HCO3 and hot
and cold Na-HCO3-type waters The chemical signatures of these water types will be interpreted, as
well as the origin of CO2 in the thermo-mineral water systems, which is usually ascribed to i) organic
matter degradation in soil, ii) water-rock interaction with carbonates, iii) metamorphic devolatilization
and iv) mantle degassing.
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Abstract
Graciosa Island is part of the Azores Archipelago, located around 1800 km to west of Portuguese
mainland in the triple junction of the Eurasian, North American and Nubian plate, along the so-called
Terceira Rift, an important tectonic structure that makes the NE boundary of the Azores Plateau.
The island is composed by outcrops of several types of volcanic deposits including a basaltic fissured
platform on the NW and a silicic polygenetic volcano structure with caldera (Caldeira Volcano) on
the SE of the island. Two groundwater systems can be identified at Graciosa: (i) a cold one, emerging
at springs and exploited by boreholes for public supply and (ii) a hydrothermal system with issuing
temperature varying from 23 to 54 °C represented by fumarole emissions inside the Caldeira
Volcano, thermal springs located at the coastline, and boreholes exploited and used for a thermal
spa supply. The thermal waters composition indicates the occurrence of groundwater mixing with
seawater, with electrical conductivity (EC) from 8.87 mS/cm (shallow) up to 47.4 mS/cm (deeper
system). Geothermometers applied to the thermal waters point to temperature around 167 °C in
depth, not reaching complete equilibrium with the reservoir rock (immature waters). These waters
present a mean SiO2 content of 166 mg/L, and significant concentration of metals (Mn, Fe, Co, Ni,
Cu and Zn). The high mineralized waters are rich in CO2(g), with 2130 mg/L of total dissolved CO2.
Two clusters of water samples are recognized when plotted in a 2H-18O diagram, part of thermal
waters are plotted along the groundwater-seawater mixing line, and other samples show isotopic
composition more enriched than seawater. The splitting up of the samples is even more visible when
the isotopic content is plotted as a function of the temperature or of the mineralization. The
geochemistry and isotopic content of the thermal waters indicate the occurrence of seawater/host
rock interaction processes at high temperatures, slightly acid conditions, favored by CO 2(g) input,
and different degrees of mixing. Nevertheless, the salinity and isotopic content observed in the
hydrothermal system cannot be interpreted as a simple mixture between two end-members, i.e.,
seawater – fresh water: other process responsible for the mineralization and isotopic enrichment
must be considered in this active volcanic environment. Other possibility to be considered is that the
source of salts could be associated to boiling seawater, that by evaporation should be able to
increase groundwater salinity, enriching the 2H and 18O contents. No tritium was found in thermal
waters while the cold water showed 3H concentration around 1.3 ±0.8 TU, indicating an active
recharge of the system. The δ13CCO2 dissolved in waters show two different origins for this gas: a
biogenic component for the cold groundwater and a clear magmatic origin for the thermal one.
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Abstract
There are three genetic types of mineral waters utilized for drinking and therapeutic purposes in the
Krynica Zdroj spa. Mineral waters of HCO3-Ca, HCO3-Ca-Mg, HCO3-SO4- Ca and HCO3-Mg-Na-Ca
types, withdrawn from several springs and wells up to 250 m depth, belong to modern meteoric
waters according to δ18O and δ2H and tritium content. The waters of HCO3-Ca-Mg and HCO3-MgCa type containing elevated amounts of boron, withdrawn from wells around 400 m depth (wells 10
and 8), are tritium free and the most depleted in 18O and 2H, which strongly suggest their glacial age.
The waters of HCO3-Na and HCO3-Na-Mg type, of highest TDS content (19 – 28 g/L), of different
isotopic composition (δ18O: -6.9 o/oo - -9.3 o/oo and δ2H: -55 o/oo - -71 o/oo) are extracted from four
deepest wells of 670-936 m depth. The last group is called Zuber type waters, and their origin is still
under discussion: based on the isotopic composition the admixture of dehydration type water is
suggested for Zuber waters. All types of mineral waters of Krynica spa are CO2-rich. To better
understand the hydrogeochemistry of groundwater flow systems, mixing processes and water – rock
interaction the investigation of the content and distribution of REE in mineral waters and aquifer host
rocks have been performed. Distribution of Chondrite-C1 normalized REE in sandstones,
conglomerates and shales comprising the Magura Formation of Bysrtica subunit is similar for all
types of rocks, with predominance of LREE over HREE. REE patterns of majority of mineral waters
of modern hydrological cycle are variable in shape but rather close to flat or predominance of HREE
over LREE: the HREE/LREE ratios are in the range from 1.08 to 1.92 for waters from deep wells up
to 240 m, and varies from 0.48 to 3.25 for shallow waters from springs. The deep-seated Zuber type
waters have the lowest concentration of REE and different REE patterns, which indicate
LREE<<HREE, and HREE/LREE ratio in the range 2.28 – 3.85. REE pattern of Zuber type waters
suggest contact with carbonates, which supports existing data about origin of CO2 in Flysh
Carpathians. The pH, redox conditions and aqueous complexations seems to be the main factors
affecting the concentration and distribution of REE in studied groundwaters. The close relationship
between ∑REE and Fe concentration shows the imposition of additional secondary processes
affecting REE concentration in studied waters.
The research project was funded by the National Science Centre Poland, grant no. UMO2015/17/B/ST10/03295
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Abstract
Many geothermal areas of Greece are located in regions affected by Miocene or Quaternary
volcanism and in continental basins characterized by elevated heat flow. Moreover, the majority of
them is found along the coast as well as in islands of the Aegean Sea and thus thermal water is
often brackish to saline due to marine intrusion into coastal aquifer.
In the present study, almost 300 thermal and cold mineral water samples were collected along the
Hellenic territory with their physicochemical parameters (temperature, pH, electrical conductivity and
Eh) and the amount of bicarbonates (titration with 0.1N HCl) being determined in situ. Additionally,
gases, found either in free or dissolved phase, were sampled. Both water and gas samples were
analyzed at the INGV-Pa laboratories for major ions (IC), silica (ICP-OES), chemical composition of
free and dissolved gases (GC) water isotopes (O and H) and carbon and helium isotopes of free and
dissolved gases (MS).
The temperature of the investigated waters ranges from 6.5 to 98°C, pH from 1.96 to 11.98, whilst
Total Dissolved Solids (TDS) from 0.06 to 43 g/L. Based on the temperature parameter, waters can
be divided into four groups: i) cold (< 23 °C), ii) warm (23 – 40 °C),
iii) thermal (40 – 75 °C) and iv) hyperthermal (> 75 °C). In terms of pH, most results vary from 5.5 to
8; few springs show either very low pH (< 4) suggesting interaction with H2S- rich gases or very high
pH values (> 10) proposing serpentinization processes.
Regarding TDS concentrations, collected waters can be subdivided into low salinity (up to
1.5 g/L), brackish (up to 20 g/L) and saline (up to 43 g/L). The medium – high salinities can be
justified by mixing with sea water and/or strong water-rock interaction processes. Isotope
composition of O and H ranges from -12.7 to +2.7 ‰ SMOW and from -91 to +12
‰ SMOW respectively and is generally comprised between the Global Meteoric Water Line and the
East Mediterranean Meteoric Water Line. Only few water samples show a positive shift for δ 18O
possibly related to high temperature water-rock interaction processes.
Carbon dioxide (18 - 997,000 μmol/mol) or N2 (1100 - 989,000 μmol/mol) or CH4 (<0.5 - 913,000
μmol/mol) are the prevailing gas species found in the studied sites. The δ13CCO2 values ranged from
−20.1 to +8.5 ‰, whilst the isotope ratio of He from 0.21 to 6.71 R/RA.
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Abstract
The Riardo basin hosts groundwater of peculiar hydrochemical characteristics, which is exploited for
the production of high quality, naturally sparkling, bottled water (e.g. Ferrarelle water). In order to
preserve this valuable resource, production wells are continuously monitored since several years.
Recently, a thorough geochemical and isotopic investigation was conducted to identify the mean
recharge elevation, to elucidate groundwater origin and circulation, and to obtain a groundwater
“age”. Samples from the Ferrarelle field, from adjacent areas and even outside of the basin were
collected and analyzed for major and trace elements, and for stable isotopes of the water molecule.
Moreover, δ13C in dissolved carbonates, B and Sr isotopes, Tritium, CFCs and SF6 were determined
in selected samples. The aquifer is constituted by highly fractured Mesozoic limestone, overlain by
more impervious volcanic rocks of the Roccamonfina complex. The two formations are generally in
hydraulic connection and dislocated by deep-rooted faults. Previous studies have identified the main
hydrochemical types. Groundwater recharged in the Riardo basin and circulating in the volcanic
rocks has a low mineralization (Electrical Conductivity: K20° = 200-300 µS/cm), whereas
groundwater with longer circuits in the limestone aquifer acquires a higher mineralization (K20° =
500-800 µS/cm), due to carbonate dissolution. These two groundwater types may be locally affected
by inputs of deep CO2, strongly promoting water-rock interaction with host rocks and leading to a
final highly mineralized water (K20° = 2900-3100 µS/cm), showing an elevated bicarbonate, calcium
and magnesium contents but also typical constituents of the volcanic rocks (e.g., Si, K, Na). The
groundwater circuits share the same hydrostatic pressure because of hydraulic piston phenomena.
The best tracers discriminating groundwater circulation in both limestone and volcanic aquifers were
found to be the Ca/K ratio and trace elements such as Sr, Rb and B. Nevertheless, B and Sr isotopes
failed to differentiate the two aquifers, since the isotopic composition of the two formations appeared
strongly modified and re-equilibrated by hydrothermal processes. Water isotopes permitted to define
the Local Meteoric Water Line, which, compared to others in the region, allowed hypothesizing a
contribution to recharge from SE, by extra- basin circuits recharged in the limestone of the Monte
Maggiore relief. These rocks are present in stratigraphic continuity in the discharge area, underneath
the volcanic rocks. Coupling Tritium, CFCs and SF6 measurements, the mean groundwater age of
the previously identified end-members was defined, ranging from about 30 years for the volcanic
Natia type to more than 70 years for the deep, mineralized circuits. In conclusion, the geochemical
and isotopic investigation confirmed that Ferrarelle is a unique naturally sparkling blend, acquiring
its taste by mixing waters from both limestone and volcanic circuits.
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Abstract
The so-called “natural mineral waters” or “thermal waters” are generally highly saline groundwater,
related to peculiar aquifer geochemistry and underground hydrodynamic. These water resources are
worldwide known for their therapeutic properties, that pertain to several human health aspects.
However, because of the particular hydrogeochemistry (i.e. high major ions and trace elements
concentrations), these natural mineral groundwaters could pose concerns to their management,
especially when they mix with fresh water in shallow aquifers. In these cases, considering the current
environmental legislation, these interactions between fresh and mineral waters can represent natural
contamination events. As a matter of fact, the underground hydrodynamic affects the mixing extent;
thus, getting a deeper insight into the aquifer recharge and groundwater flow effect on the mixing
can provide vital information for water resource management issues. Considering this need, the main
aim of this research is to define the conceptual model of the actual hydrodynamic role in connate
mineral groundwater upwelling and mixing with fresh water in shallow alluvial aquifers, by means of
a multidisciplinary approach. The data used to this purpose consists of geological and geophysical
surveys (i.e. boreholes, seismic refraction method, and electrical resistivity tomography), hydraulic
head measurements, groundwater chemical analyses, and physico-chemical water loggings.
The selected study area is the Vomano valley, in Central Italy. This area is characterized by a shallow
gravelly and gravelly-sandy alluvial aquifer, that shows a thickness of about 5-10 m and whose
aquiclude is represented by the marine marly-clayey bedrock (i.e. the post- evaporitic member of the
Laga formation). Its recharge is due to the direct rainfall infiltration and the Vomano river leaking in
the aquifer. Here, connate natural mineral groundwater ascends through a highly fractured zone of
the aquiclude and mixes with shallow groundwater. These connate waters are characterized by very
high electrical conductivity, a water-type that is mainly Na-Cl-SO4, high boron, iron and manganese
concentrations. Recently, their suitability for exploitation was assessed, and they were considered
eligible to be used for therapeutic purposes (i.e. dermatological and inhalation treatment). However,
these mineral waters have never been exploited, and they are still mixing in the environment, posing
several concerns to the freshwater use for irrigation purposes.
The first results show that these connate mineral waters represent old seawater trapped during the
last sea-level regression and accumulated in fine marine deposits. They are confined and ascend
through the fractured bedrock due to a pressure gradient. Their zone of influence seems to be very
limited in space, suggesting a strong dilution due to the fresh groundwater flow. Nevertheless, during
the wet season recharge, the increase of hydraulic heads in the alluvial aquifer favors the connate
mineral water upwelling, instead of provoking dilution, because of the vertical drainage.
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Abstract
The Euganean Geothermal Field (EuGF) extends on a plain band of approximately 25 km2 to the
southwest of Padova (Veneto, Italy), and comprises the towns of Abano, Montegrotto, Battaglia and
Galzignano Terme. Currently, about 250 wells are active exploiting an amount of approximately
15×106 m3/year. The surface temperature of thermal waters ranges from
65 to 87 °C, and their TDS is up to 6 g/L (primary Cl- and Na+). The EuGF is the outflow area of the
regional EuGS (Euganean Geothermal System), located along the NW-trending Schio-Vicenza Fault
System (SVFS). The EuGF is placed within an inferred subsurface relay zone between the SchioVicenza and the Conselve-Pomposa fault segments. This structure experiences a local tensional
stress regime that opens an ESE-WNW set of fractures. Stable isotopic analysis suggests a meteoric
origin of Euganean fluids. 3H and 14C measurements indicate a fluid residence time surely greater
than 60 years, and probably in the order of thousand years. Although the presence of high values of
Na and Cl in Euganean fluids could suggest a reservoir in crystalline rocks, our conceptual model
excludes such a hypothesis, principally for a couple of reasons. The first one is due to the very low
permeability of crystalline basement in the area, mainly composed by phyllites and micaschistes 3–
4 km deep, characterized by hydraulic conductivity values ranging from 10-11 to 10-14 m/s and
incompatible with the exploited volumes in the EuGF (beyond 23x106 m3/year in the past).
The second one is related to the presence of upper Permian and upper Triassic evaporites
characterizing the sedimentary cover, which can be responsible of a fluid increase in Cl- and Na+.
Indeed, the ratio of Ca/SO4 and the 34S results confirm interaction by the Euganean thermal fluids
with evaporitic rocks. Based on the previous knowledge, the proposed conceptual model of EuGS
indicates meteoric waters infiltrate about 80-100 km to the north of the EuGF, in the carbonate Sette
Comuni-Tonezza plateaux. The recharge area is mainly composed by high-fractured limestones and
dolostones, favoring the water infiltration. These waters infiltrate in depth and flow southward
principally in a Mesozoic carbonate reservoir. The tectonic structures associated to the SVFS allow
the rising of the thermal fluids in the EuGF. Preferential convective flow induced by fracturing and
slightly anomalous regional crustal heat flow (70- 80 mW/m2) represent the principal processes
warming the water, along with an additional radiogenic heat source from the trachi-rhyolites bodies
of the Euganean hills.
Numerical simulations allowed to confirm the proposed conceptual model, indicating temperature
beyond 120 °C at depth. Numerical results are also endorsed by some geothermometers, suggesting
a reservoir temperature exceeding 100 °C.
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Abstract
Trace elements have a fundamental role in natural and anthropogenic systems. In waters, they
present a great variability of concentrations that mostly depends on the degree of gas-water-rock
interactions and geochemical conditions such as pH, temperature, redox and/or exchange reactions,
etc. Even though, they are present in very low contents in host-rocks, elevated concentrations in
ground or surface waters may have a hazardous impact on human health and thus, it is important to
both quantify and understand their behavior in natural systems. Here we present the results of about
300 cold and thermal mineral waters collected along the entire Hellenic territory. Physicochemical
parameters (temperature, pH, electrical conductivity and Eh) were measured in situ, whilst samples
were analyzed by ICP-MS for their trace elements’ content. The great variability in hydrogeological
settings justifies the wide range of temperatures (6.5 - 98°C), pH (1.96 - 11.98) and Total Dissolved
Solids (TDS) (0.06 - 43 g/L). Based on the combination of pH, T and TDS, samples were divided
into 5 classes: i) thermal waters; ii) thermal waters affected by seawater contamination; iii) cold CO 2rich waters; iv) hyperalkaline waters; and v) acidic waters.
The great variability in chemical composition of the sampled waters is reflected in the large range of
trace element contents (four to five orders of magnitude). Thermal waters affected by seawater
contamination show the strongest enrichments in Li (up to 17600 μg/L), B (up to 38200 μg/L), Sr (up
to 80000 μg/L) and Rb (up to 9230 μg/L), mostly deriving from water-rock interaction. Cold CO2-rich
waters display elevated concentrations of Mn (up to 3970 μg/L), Ni (up to 111 μg/L) and Fe (up to
218000 μg/L), whilst at the water outflow an extensive precipitation of iron oxi-hydroxides is
observed. Hyperalkaline waters are generally strongly depleted in trace elements due to the
precipitation of secondary minerals, however they are enriched in Al (up to 421 μg/L). Aluminum
becomes soluble at extreme pH conditions and therefore also acidic waters present enhanced
concentrations (up to 100000 μg/L). Acidic waters show also enrichments in Fe (up to 58400 μg/L),
Mn (up to 15600 μg/L) and Ni (up to 101 μg/L).
In some cases, the maximum contaminant levels (MCLs) fixed by the Directive 98/83/EC for drinking
water, are strongly exceeded in the under investigation waters. Such elevated concentrations of
harmful elements may create hazards to human health either via direct consumption of cold mineral
waters or through mixing of highly mineralized waters – even in small proportions - with shallow
groundwater. For instance, As (MCL 10 μg/L) in the sampled waters reaches concentrations up to
1820 μg/L that derive from high temperature water-rock interaction within the hydrothermal circuit.
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Abstract
This study analyzes 31 groups of mineral water samples in Fusong and Jingyu county. The natural
mineral water belongs to weakly alkaline water. From the Piper trilinear nomograph, the major
hydrochemical types are HCO3-Mg, HCO3-Ca, and the average content of metasilicate is 44.05
mg/L, which belongs to high metasilicic mineral water. From the Gibbs graph it is concluded that the
formation of the mineral water resources in the study area dominated by rock weathering
mechanism, mainly due to the interaction of water and rock in the carbonate rock. Na+ and HCO3
water rock have strong correlation with TDS. The water quality was evaluated by the single factor
evaluation method with 30 chemical indicators. The water quality of three springs was classified to
IV or V, which were not suitable for direct drinking water, and the items exceeding the standard were
Fe and aluminum. The rest springs met the drinking water standards.
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Abstract
The Acque Albule hydrothermal Basin is a morphological depression located in the Latium Region
(Central Italy) close to the north-eastern suburbs of Rome, between the Municipalities of Tivoli and
Guidonia. This plain area (average elevation of 65 m a.s.l.) is bound by the Apennine chain and the
Aniene River, a tributary of the Tiber River, which flows across the southern portion of the plain. The
geology of the Acque Albule Basin is strongly influenced by tectonic subsidence. The Mesozoic
subsided carbonate bedrock, which outcrops in the Cornicolani and Lucretili Mts, is the bottom of a
‘pull apart’ subsiding basin characterized by a north-striking, right-lateral, seismically-active fault
system. This tectonic pattern promoted the upward movement of deep hydrothermal fluids and the
progressive filling of the subsiding basin by endogenic travertine deposits (up to 80 m thick). These
travertines, quarried since Roman age, extensively outcrop all over the plain overlaying the Pliocene
marine deposits and the volcanic units. The Regina and Colonnelle springs are the main thermal
springs of the travertine aquifer, located approximately 1 km NW of the extraction area, along a N–
S shear fault zone, with an average temperature of 23–24 °C and a mean discharge of about 2.5
m3/s. The dewatering activity due to travertine mining operation first and secondarily the thermal
SPA plants withdrawals, strongly affect the groundwater circulation with remarkable effects on the
water table level in the travertine aquifer. Several studies performed in the past years from different
entities and authors, have deeply threaten groundwater flow dynamics, groundwater hydrochemistry
and isotopes, also by means of numerical models. These studies have substantially contributed to
address different aspects concerning groundwater flow, interaction between different aquifers,
mixing of waters of different origin and water–rock interactions. The studies highlight the deep and
rapid change induced by human activities in recent years in terms of groundwater flow, springs
discharge rates and water chemistry. Monitoring data collected during time allowed, in addition, to
better understand some relevant groundwater flow processes also connected to endogenous issues
and seismic intermediate field effects.
The aim of this work is to provide a review of the scientific literature regarding hydrogeological and
hydro-chemical characteristics of Acque Albule hydrothermal Basin and propose a comprehensive
overview of the knowledge in a shared conceptual groundwater model.
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Abstract
Volcanic areas often host intense hydrothermal circulation, driven by mass exchanges between
groundwater systems and volcanic fluids. Chemical characterization of groundwaters has long been
used as important tool to monitor active volcanoes, to derive clues into the origin of released fluids,
as well as to track episodes of enhanced transport of volatiles from deep magmatic or hydrothermal
reservoirs to the surface and define the natural hazard.
In this study, we report a detailed geochemical characterization of 106 groundwater samples from
the Campi Flegrei caldera (CFc), an important active volcano-hosted hydrothermal system from the
Campanian Volcanic Province (Southern Italy), with the aim to identify the chemical processes
controlling the fate of chemicals during gas-water-rock interactions. The presence of more than half
a million people living in the proximity of the caldera highlights the need to obtain a better
understanding of interactions between the magma driving the unrest and its overlying hydrothermal
system.
Compositional data show a wide heterogeneity in terms of both physical parameters and chemistry
of major ions, confirming the complex hydrogeological picture of the investigated area, where mixing
between different fluids components takes place. The outlet temperature varied between 10.1 and
85.8 °C, with the pH values ranging between 1.54 and 8.9 and the electrical conductivity from 397
to 37100 µS/cm. About 60% of the samples have pH less than 7, indicating a possible interaction
with acid gases, while high salinity might indicate protracted water/rock interaction and/or
evaporation processes. The chemical composition of the collected waters confirms the existence of
three main end- member source-processes, governing the composition of CF thermal waters: a)
meteoric contribution, responsible of diluted cold groundwaters having bicarbonate as the prevalent
anion (fresh waters), b) mixing with high-temperature hypersaline waters of probable marine origin
(chlorate waters) and c) interaction with a high-temperature hydrothermal sulphate-rich vapor phase
(steam heated waters). The isotopic composition of the waters confirmed the existence of distinct
fluid types circulating in the geothermal system. The chemical and isotopic composition of dissolved
gas phase appears to be controlled by addition in the atmospheric equilibrated waters (infiltrating
waters) of a gas phase with composition similar to that emitted at Solfatara vents.
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Abstract
The Matese ridge (Southern Italian Apennine chain) is the most important source of freshwater for
Italy from a quantitative and qualitative point of view. Several fresh springs located in the massif with
high flowrates (up to 2 m3/s) feed regional aqueducts. Moreover, several CO2-rich and thermal
waters (bottled for human consumption in some case) are located at the margins of the massif,
where strong fracturing occurs. In this work we propose a geochemical assessment of 71 springs,
aimed to characterize the mineralization processes occurring in the Matese aquifer, hosted in the
carbonate massif. Major elements analysis has been performed by ion chromatography, while
physical parameters (T, pH, EC) and alkalinity were directly measured in situ with a multi-parametric
probe and by titration, respectively. A main HCO3-Ca composition results for the collected springs.
Data have been elaborated using qualitative and quantitative diagrams together with a statistical and
geo- statistical approach. A Factor analysis (FA) was applied to study the correlations between the
detected variables, because of it is be considered as one of the commonest applied statistical
methodology in geochemistry. Two principal hydro-geochemical processes were identified by FA: i)
a deeper dynamic correlating pH, EC, Ca2+, HCO3-, Mg2+, CO2 and Cl-, typical of Karst system and
influenced by deep seated fluids inducing acidification (Factor1) and ii) a shallower dynamic
correlating NO3, SO4, K and T probably due by human activity (Factor 2). Factor 1 is representative
of carbonates dissolution in karst systems and is in agreement with local lithology as well as with the
geochemical anomalies detected by several authors in the last years. In particular, the Mg/Ca ratio
distribution map, overlaps the geological map of the studied area, highlighting how the ratio
increases and decreases as a function of the outcropping lithologies (dolostone and limestone
respectively). On the other hand, the CO2 distribution map highlights the tendency of CO2 to increase
at both Western and Eastern margins. This area is strongly characterized by fracturing and CO2-rich
and thermal waters, gas emissions and soil diffuse degassing. Factor 2 instead, is representative of
superficial processes related to anthropic activities, mainly intensive use of fertilizers and farming. In
particular, NO3, SO4 and K can be considered having the same source (NPK fertilizers). This
correlation shows an increasing trend with higher temperatures and altitude decreasing approaching
the Alife plain. Despite the anthropogenic output, no sample exceeds the Nitrates WHO threshold
fixed at 50 mg/L. In conclusion, our work provides a comprehensive geochemical information about
the Matese mountain area, crucial for understanding the main geochemical and geodynamic
processes occurring at the Matese ridge (Southern Italy).
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Abstract
Understanding groundwater quality from chemical and microbial point of view, represents the first
and most important step to assess the final intended use. Researches in the last decades have
studies the hydrochemistry of shallow aquifers due to the combined effect of human activity and their
intrinsic vulnerability to pollution. Chemical and microbial pollutions in shallower aquifers are often
linked to human activity e.g. intensive fertilizers use, livestock farming or seepage from the sewage
system. It can be also linked to natural sources. In this work two different sites have been
investigated for chemical and microbial properties: (i) the pilot site, commonly called Agro Aversano,
is located in the southern part of the Caserta province and (ii) the Caiazzo site, located in the northern
part of the province. For the Agro- Aversano 20 samples have been collected and analyzed for major
elements, total coliform, faecal coliform and faecal streptococci. For the Caiazzo site instead, 40
samples were collected and analyzed also for trace elements and total bacterial count, in order to
have a better idea of the relationships between water chemistry and microbiology. All samples come
from agricultural and municipal wells used for irrigation, water supply and in some cases, for drinking
purposes. Major elements were analyzed by Ion chromatography and trace elements by Inductively
Coupled Plasma Mass Spectrometry (ICP-MS). Microbial analysis have been performed by filtering
membrane technique, by using the following agar medium: m-Endo-agar (total coliform), m-FC-agar
(faecal coliform), KF-agar (faecal streptococci) and PCA (total bacterial count), according to
American Public Health Association and Italian D.Lgs n. 152/2006. For the site (i), the AgroAversano, groundwater have been classified as HCO3 type with significant amount of Ca (from 0.33
up to 0.55%) and Na+K (from 0.18 up to 0.51%), probably meaning that different recharges HCO3Ca rich and HCO3-Na-K rich, mix together along the principal drainage axis of the studied aquifer.
No correlations have been found between major elements and microbial pollutants through a Factor
Analysis (FA). For the site (ii), the Caiazzo site, water have been classified as HCO3-Ca type and
some statistical relationships were found through FA: (i) P results related to both Fecal and Total
coliforms (also Nitrates nearly approach the significance level fixed to 0.7) and (ii) Mn, Mo, Ni result
correlated with the total bacterial count. These correlations can be due to (i) seepage from the
sewage system and/or intensive use of fertilizers and (ii) to leaching of soils mineral respectively. In
conclusion we can state that the analysis of major elements alone is not exhaustive as coupling
chemical and microbial pollution, as showed for the pilot site of the Agro-Aversano. On the other
hand, the addition of trace elements helps to have clearer and more understandable statistical results
as showed for the Caiazzo site.
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Abstract
Hydrogeology and hydrogeochemistry of the Ferrarelle groundwater system (FGS) have been widely
investigated in recent times. The outcomes suggest the presence of groundwater hosted in the karst
basement CO2-saturated, with reducing conditions (Eh~160 mV) and rich of volcanic elements
deriving from the basal aquifer of Roccamonfina volcano. These waters mix through faults with
shallow-oxygen richer groundwater (Eh~300 mV) hosted in the volcanic succession lying above the
carbonate basement. In the relatively deep aquifer are naturally present Fe (50-150 µmol/L) and As
(0.1-0.6 µmol/L) at concentrations not compatible with drinking purposes. Despite of this, the
extracted waters for bottling have Fe (as well as Mn) and As concentrations lower than the WHO
thresholds for drinking waters. The present investigation suggests a description of hydrogeochemical
processes related to natural reduction of Fe and As precipitation in solution. As and Fe decreasing
in FGS are due to oxidation of soluble Fe2+ producing insoluble Fe(OH)3 increasing oxygen fugacity
(fO2) from the shallow groundwater
𝐾𝐽
4𝐹𝑒 2+ + 𝑂2 + 10𝐻2 𝑂 ↔ 4𝐹𝑒(𝑂𝐻)3 + 8𝐻 + (∆𝐺 = −115.51
; 𝐿𝑜𝑔𝐾𝑒𝑞 = 10−2 )
𝑚𝑜𝑙
At measured pH (5.8-6.6) and Eh values, the favored As speciation is H2AsO4- and it is adsorbed on
iron hydroxides:
< 𝐹𝑒 − 𝑂𝐻 + 𝐻2 𝐴𝑠𝑂4− + 𝐻 + → 𝐹𝑒 − 𝐻2 𝐴𝑠𝑂4 + 𝐻2 𝑂 (𝐿𝑜𝑔Χ 𝑎𝑑𝑠 = 4.50
where, Χads is the surface complexation constant. By combining the expression of the two equilibrium
constants, and approximating the activity coefficients ~1, considering standard temperature and
[H2AsO4-]≅[As], [Fe2+]≅[Fe], the following expression is given:
[𝐴𝑠] = (

𝐾𝑒𝑞 𝑓𝑂2 𝐾𝐻−𝑂2
[𝐻 + ]8 Χ1/4

1/4

)

[𝐹𝑒]

in logarithmic form:
log[𝐴𝑠] =

1
(log[𝑂2 ](𝑎𝑞) + 8𝑝𝐻 − 1.105) + log[𝐹𝑒]
4

Being KH-02 the Henry's constant for oxygen, the product f02 KH-02 is the oxygen in solution [02](aq).
The analytical data fit with the linear functions obtained by the previous expression. The angular
coefficient values (α) depends on the ratio between O2 and pH. The higher this ratio the lower the
Fe concentration due to Fe(OH)3, precipitation. As is adsorbed on precipitating Fe- hydroxide surface
and together are removed from the solution.
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Abstract
The Cumae archaeological site extends for about 3.0 km2 along the Tyrrhenian coast of the southern
Italy, north-west of the active volcanic system of Phlegraean Fields, about 20 km north of Naples
bay. The coastal plain of the Cumae archaeological site is an area of relevant environmental and
archaeological interest. The ancient city of Cumae, in the Naples Province, was the first Greek
colony, named Kyme, founded in mainland southern Italy along the Tyrrhenian coast in the 730 B.C.,
and remained continuously occupied until the 1207 A.D. During the Holocene epoch the coastal plain
has changed significantly, due to endogenous and exogenous phenomena, such as volcanic
eruption, bradyseismic crises, eustatic sea-level variations, shoreline changes and formation of lake
environments and palustrine wetlands. As a result of these natural processes, the coastal plain is
characterized by a complex volcanic-sedimentary sequence formed by sands, silts, silty clays and
volcanoclastic sediments, resting on a substrate of yellow tuff and trachytic laves, outcropping in the
surrounding reliefs. Land use of this coastal area is mainly characterized by intensive irrigated
agriculture, with use of pesticide and organic fertilizers. In the last years, the coastal plain of the
Cumae archaeological site is affected by rising of groundwater and groundwater flooding
phenomena of several archaeological artefacts, causing economic damages and sharp slowdown of
archaeological researches. This paper documents a well-designed hydrological, hydrogeological,
chemical and isotopic monitoring program carried out for the first time in an experimental site within
the coastal plain of the Cumae archaeological site, having an extension of approximately 1 km2,
during the period from December 2013 to February 2015 in thirteen domestic and agricultural wells
(six shallow, up to 15 m, and 7 deep wells, up to 80 m) on a monthly basis. Based on a high-resolution
2D hydrostratigraphic conceptual model of the study area, hydrological monitoring, piezometric
measurements, field parameters determinations, isotopic and hydrochemical water analyses were
conducted to study two main issues: i) groundwater flow pattern and groundwater quality, and ii)
natural and anthropogenic processes affecting the hydrochemical and isotopic composition of
groundwater in the coastal volcanic-sedimentary aquifer. Groundwater samples were analyzed to
characterize physico-chemical, hydrochemical and isotopic parameters: temperature, pH, electrical
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conductivity, total dissolved solids, major ions and trace elements, delta18O, delta2H, 222Rn,
delta15N-NO3, delta18O-NO3 and delta11B. Hydrostratigraphic data and piezometric monitoring
confirm the presence of a multi-layered coastal aquifer, whereas all the hydrochemical and isotopic
observations show that the groundwater quality is affected mainly by: i) aquifer lithologies and
localized rise of deep magmatic fluids highly mineralized, ii) freshwater-saltwater interactions,
induced by groundwater pumping, and iii) contamination processes from non-point agricultural
sources.
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Abstract
Natural mineral water is a kind of precious water resource. It is very important to study the
hydrochemical characteristics of mineral water for the development, utilization and protection
purposes. The study area is located in the south of Yanbian City, China. It is a mountainous area in
the north of Changbai Mountain. The terrain fluctuates greatly, with high altitude in the southeast
and low altitude in the northwest. Using 27 groups of mineral water samples collected in the study
area in June 2016, we used mathematical statistics, ArcGIS spatial analysis, correlation analysis,
Piper diagram and Gibbs diagram to study the hydrochemical types and distribution characteristics
of mineral waters. The results show:
(1) The mineral water in the study area belongs to weak alkaline water, with little spatial variability.
Ca2+ in cation is absolutely dominant, Fe2+ and Mn2+ are relatively small, HCO3- in anion is absolutely
dominant, TDS and total hardness are relatively small, belonging to soft water, and free CO2 content
is relatively small.
(2) The correlation between Ca2+, Mg2+, HCO3-, Cl-and TDS is good, and the spatial distribution is
similar, showing a decreasing trend from northwest to Southeast. pH value shows a trend of
decreasing from South to North, K+ and Na+ correlation coefficient is small, but the spatial distribution
has a certain similarity, showing a trend of decreasing from West to East, Fe and Mn2+ correlation is
good, showing a trend of decreasing from Southeast to Northwest in the study area.
(3) The hydrochemical types are HCO3-Ca, HCO3-Ca•Mg, HCO3-Ca•Na, mainly HCO3-Ca. In space,
HCO3-Ca type water is mainly distributed in the Southeast and Northwest of the study area, HCO 3Ca•Mg and HCO3-Ca•Na are distributed in the middle of the study area. (4) In the study area,
metasilicic acid decreases from Southwest to Northeast, and the content of strontium is smaller. In
the study area, the content of strontium is higher in the North and the middle than in the South.
(5) The hydrochemical characteristics of mineral water in the study area are mainly controlled by
rock weathering, and also affected by evaporation and precipitation.
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Abstract
The Changbai Mountain basalt area is located in southeastern Jilin province (China) and contains a
remarkable mineral water center that is reputed to be one of the three largest high-quality natural
mineral water sources globally. Jingyu County lies in the northeast mountains in the East Asian
Monsoon zone and has a humid frigid-temperate climate The precipitation in Jingyu County is
distributed unevenly. Average annual precipitation is 795 mm, and concentrated from June to
September, accounting for 59% of the average annual precipitation. Groundwater here is contained
in highly fissured volcanic rock of a basalt plateau formed during multi-stage volcanic eruptions.
Numerous springs, extra-large springs are present across the region that discharge as a
characteristic metasilicate mineral water.
The recharge area of the mineral water is not very clear because of the complicated ecological,
geological and hydrogeological conditions. The relationship between δD or δ18O and elevation in
Northeast China is analyzed by using the measured data of δD and δ18O in groundwater in the study
area on the basis of the distribution characteristic of δD and δ18O in atmospheric water and
groundwater. The value of δ18O decreases as - 0.15‰~-0.5‰ when the elevation increases 100 m
and the change of δD is -1‰~-4‰. Thus, the relationship between δD and elevation is determined,
and the recharge elevation of mineral water is 951.40m~1150m. The recharge area of natural
mineral water is analyzed and determined together with the topography, geomorphology, geology
and hydrogeology in the distribution area of natural mineral water. Thus, the recharge of groundwater
in the study area can be determined.
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Abstract
The complex geological and structural context of Corsica combined with favorable hydroclimatological conditions generates an interesting diversity of minerals and geothermal fluids. To
identify the aquifers extension and their hydrogeological functioning, 22 thermo-minerals springs
have been monthly sampled during a full hydrological cycle. The methodology is based on a coupled
approach of geochemical and isotopes environmental tracers. Physicochemical parameters, major
ions, silica and trace elements have been measured. Isotope hydrology tools, as the stable isotopes
of the water molecule (18O/2H), tritium (3H), carbon (14C), sulfur (34S) and strontium isotope (87Sr) in
conjunction with dissolved gases monitoring have been used in order to precise in details the
temporal and spatial dynamics of the groundwater reservoirs.
The monitoring of physicochemical and geochemical parameters allows to agree on mineral stability.
First results also highlight very contrasted mineralization processes and permit to identify 3 major
hydrochemical water-types:
(1) HCO3-Na water-type, high temperature (50°C), poorly mineralized & alkaline, with a very long
residence time traced by high abundance of dissolved gases as He and Ar;
(2) Cl-Na water-type, temperate, highly mineralized, acid, ferruginous and carbo- gaseous;
(3) HCO3-Ca water-type, low temperature, mineralized and slightly alkaline with a variable SO 4 and
H2S content due to bacterial activity.
Water-rock interactions were identified and constrained with the filed geological evidences.
Geothermometers were computed to estimate groundwater reservoirs depths. Isotope hydrology
allowed specifying the recharge altitude and approaching, in a first attempt, the flow dynamics of the
systems. Water type (1) is related to water-rock interaction with granite rocks, with a high Li or Na
content, the highest recharge altitude (> 800 m a.s.l.), the longest residence time and the deeper
system involved. Whereas water type (2) is related to interactions with flysch rocks, with a high B or
Cl content. Finally, the water type (3) is more related to interaction with sedimentary deposits with a
high Ca and HCO3 content, with a low recharge altitude and a long residence time.
Using geochemical and isotopic tools permit to identified contrasted hydrogeological provinces in
the study area with thermal, mineral and gaseous typicity of groundwaters in direct relation with
interactions at the geological and structural context of the sites. This study is expected to specify the
qualitative and quantitative potential of the high diversity of geothermal and mineral groundwaters to
further help towards their sustainable exploitation in case of an economic revaluation of this heritage.
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Abstract
Highly saline Na-Cl waters accompanied by gases, mostly consisting of CH4, with minor H2S and
light hydrocarbons, are commonly recognized in the Apennines of Central Italy, as also testified by
the occurrence of several mud volcanoes, occasionally emitting this type of fluids. Thriving thermal
spas developed using this natural resource, which, however, may represent a hazard for the quality
of shallow aquifers devoted to human consumption.
This study focuses on the geochemical features of thermal wells and cold discharges from the Alto
Reno area (Bologna Province, Italy), aiming to investigate the primary sources of these fluids, the
secondary processes controlling the evolution of their chemistry along the hydrological pattern and
the possible interactions between deep and shallow aquifers. For this goal, a complete geochemical
dataset, consisting of mayor, minor and trace compounds in waters, δ13C values in total dissolved
inorganic carbon, δD and δ18O values of waters, as well as inorganic and organic gas species and
δ13C values in CO2 and CH4, was produced. Waters from the thermal wells, characterized by a NaCl(HCO3) composition, are related to connate fluids and interaction with the regional Mesozoic
carbonate-rich formation. Water samples from the most recent sector of the thermal spa show
significant concentrations of reduced sulphur compounds, originated by microbial activity favored by
water contribution from Reno river. The isotopic features of CH4 in free and dissolved gases indicate
a dominating thermogenic origin, suggesting that this gas formed at depth within the high- saline
water reservoir. Cold waters collected from the whole Alto Reno area are Ca-HCO3 type, with
relatively low abundances of Cl and SO4, excepting few waters from the immediate surroundings of
the thermal area that show anomalously high SO4 concentrations possible due to microbial activity
promote by some thermal water contribution. Gases dissolved in these waters basically consist of
air compounds with low amounts of CO2 having a biogenic origin, as indicated by their 13C values.
Hence, deep fluids approach the surface only in correspondence of local faults, with no significant
interaction with the shallow aquifer out of this limited area, since the occurrence of thick argillitic
formation, constituting the upper portion of the local stratigraphic sequence, prevents lateral
permeability. The chemistry of Reno river seems to be not significantly affected by the thermal waters
discharged by the thermal spa, which adopts an adequate policy for the maintenance of the thermal
resource at low environmental impact.
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Abstract
Kuldur spa is the most famous and great resort located in the Russian Far East, Amur River region.
The geological structure is defined by the contact zone of Paleozoic granites and Proterozoic gneiss.
The granite country rocks are intensive altered and fractured. The typical feature of studied
groundwaters is a high temperature (up to 100 °C), low TDS (< 0.5 g/l), high pH (> 9). The cations
are mostly Na+, less Ca2+ and a few Mg2+. The main anion is HCO3, the second - SO4. Groundwater
is usually enriched with F-, Si, Al, W, Mo, etc. All groundwaters content high amount of radon (up to
32.4 kBq/l).
The research is based on the results of field works that was conducted in the period 2014-2015 and
2018-2019. The purpose of this work is to study the isotopic signature of nitric thermal groundwaters
from Kuldur spa and characterize their circulation processes. For solving this task, multiple isotopes
δD, δ18O, 3H, 3He/4He, 4He/20Ne, δ13C, 234U/238U together with geothermometer calculation were
utilized.
The thermal waters were sampled for isotopic analysis. Samples for 18О, D,13С, 234U/238U,15N analysis
were not filtered and placed in a special dish. The sample volume isotope 234U/238U was 1,5 liters,
for 13С 5 liters. In the samples for analysis of isotope 13С, the Ba(OH)2 was added for precipitating
BaCO3 for its further analysis.
Stable isotopes 18О, D, 13С and isotopes of noble gases 3He, 36Ar, 20Ne, 84Kr, 132Xe were analyzed
with the mass spectrometer DELTA Plus XL (ThermoFinnigan, Germany, Bremen). The δ18O and
δD are parallel with GMWL showing that the recharge source of thermal water is local meteoric
precipitation. Value of 3H are very low up to 0.7 TE which indicate the long circulation time and also
confirm no dilution of deep thermal waters with shallow cold water. The obtained data on the isotopic
composition of 3He/4He and 4He/ 20Ne of dissolved gases let assume that the helium refers to the
crustal origin (3He/4He from 2.86 × 10-7 for the well 3-87 and 4.12×10-7 for the well 2-87).
The δ13СDIC values vary from -30 to -18.1 ‰ and testify on the biogenic origin of carbonate
specimens. In 2018, samples were taken for the isotope 15N to determine the genesis of nitrogen.
According to the data obtained from the well 1-87 δ15N = 0.1‰, which indicates the air origin of
nitrogen in thermal waters. The 234U/238U dating, the circulation time of the studied thermal
groundwater is at about 400,000 years.
The reported study was funded by RFBR according to the research projects 18-05- 00445/18.
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Abstract
The Geological Survey of Italy (GSI) is involved, together with other 33 national and regional/federal
European Geological Surveys Organizations, in the H2020 Geoera Hover Project. The main
challenge is to assess the groundwater quality across Europe linking the understanding of
hydrogeological processes to the natural variability of groundwater quality and to anthropogenic
aquifer contamination. This will include a common approach for defining thermal and mineral water.
The GSI takes part in the Geoera-Hover project Work Package 3 dealing with Hydrogeochemistry
and Health. Among others, the main tasks in which SGI is collaborating concern with: 1)
harmonization of terminology and inventory of available information on mineral, thermal and highlymineralized groundwater, including an investigation on the hydrogeological background of these
waters; 2) producing maps, web- map service and associated explanatory information, organized in
an Information Platform developed for the GeoERA Project.
Italy has developed a widespread and extensive use of groundwater at different temperatures,
ranging from bathing to building heating and electric power production. National definitions of thermal
water are mentioned in the Italian Governmental Law N.323 of 24/10/2000, but this act mainly deals
with exploitation permits and not with technical- scientific issues. Moreover, thermal-mineral water is
not defined within any specific Act. Besides, though some thermal-mineral water information is
managed at a local or regional scale, a comprehensive updated work dealing with a national scale
hydrogeological picture of thermal-mineral water in Italy is at present lacking. The GSI activities
within the Hover Project are also aimed at contributing to fill this gap.
The main Italian thermal-mineral waters (temperature >20°C) have been included in a database
counting more than 200 sources drawn by 72% from springs and 28% from wells. Six Italian regions
out of twenty (Tuscany, 25% of total sources; Latium, 16%; Campania, 13%; Sicily, 12%; Sardinia,
9%; Veneto, 8%) cover in total the 83% of the exploited thermal-mineral water resource. In these
regions, mostly aligned along the Tyrrhenian-Apennine margin and in the Italian islands, the most
relevant active or quiescent magmatic bodies occur and originated hydrothermal fluids related to
magma ascent processes. The main geological and hydrochemical background of the sources have
been characterized. With regards to water temperature, about 70% of thermal-mineral sources have
values between 20-40°C, about 20% exhibit 40-60°C and about 10% display >60°C. Concerning
total dissolved solids (TDS), about 25% of sources have TDS<1000 ppm, about 40% are between
1000-3000 ppm, about 20% between 3000-5000 ppm and the remaining 15% display >5000 ppm.
Considering source yields (reliable information is not always available), about 30% of sources have
yields <1 L/s, about 35% have 1-5 L/s, about 15% exhibit 5-25 L/s, about 10% are between 25-100
L/s and the remaining 10% show yields >100 L/s.
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Abstract
This study investigates the relationship between the stable isotope ratio 13C/12C of deep CO2 and
geothermometry in selected groundwater samples located in central Italy. Our main aim in this work
is to track the contribution of deep fluid sources to groundwater in central Apennines (central Italy).
To achieve this, we analyze groundwater samples from nine selected springs where upwellings of
deep fluids have previously been documented or hypothesized: the Olevano–Antrodoco thrust area,
the Sulmona plain, and the Matese Mountains. We use chemical composition data, the stable isotope
ratio 13C/12C of the DIC, and sodium-lithium geothermometry to arrive at conclusions regarding how
and where the geofluids originated, and how they migrated towards, along, and away from fault
zones. The temperature range is inferred from an equation based on the Na/Li ratio and chemical
geothermal modelling: 113–130°C. The calculated temperature range agrees with that resulting from
deep boreholes in the Northern Apennines. An alternative method is also included to better evaluate
the difference in isotopic composition between the aqueous and gaseous δ13C(CO2) at deep
condition. In particular, the coupled (and corrected) isotope and geothermometrical monitoring of the
springs could help to distinguish between deep gas or deep fluid contributions to shallow aquifers.
The permeability boundaries between siliciclastic marine and continental deposits and the fractured
carbonate aquifers are often represented by normal and thrust faults. Consequently, groundwater
frequently undergoes physicochemical changes, which are due to the local upward of mineralizing
fluids along these tectonic features. Groundwater from the carbonate aquifers is subject to these
physico-chemical changes upon its movement towards the recent alluvial aquifers. Here, mixing with
deep fluids causes groundwater to take on different hydrochemical characteristics. These
physicochemical changes may be progressive or fast and localized, depending on the interaction
between the tectonic setting and the stratigraphic sequence. To better understand these mixing
processes between surface and deep waters, one of the three areas (Olevano-Antrodoco) was
subjected to intensive multi-parameter monitoring. We selected 13 spring waters in this area and we
carried out two sampling campaigns in October 2018 and in January 2019. In each survey we
measured physical-chemical parameters in the field, and we took samples for the analysis of major
and minor elements and for the isotopic analysis of H2O (δ18O-D) and the chemical composition of
the dissolved and free gases. The results of this study indicate that faults play a crucial role in
controlling the migration of crustal fluids.
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Abstract
The distribution of mineral water in the Portuguese mainland is uneven, with a predominance in the
northern zone, justified by the geological and structural characteristics of the occurrence sites.
Caldas de Carlão are located in Murça municipality, in the Trás-os-Montes region, Northest of
Portugal, and thermo-mineral waters are being used since immemorial times. Although, the
exploration of this system for balneotherapy uses was initiated in 1986 and focused the attention on
the classic thermalism applications, namely, in the musculoskeletal system, skin, respiratory tract,
and digestive system diseases. These thermo-mineral waters are inserted, in the Central Iberian
Zone of the Hesperian Massif, composed by metasedimentary layers and Hercynian granitoids. The
presence of aplite-pegmatite quartz veins are very important in the groundwater dynamics, especially
the veins with WNW-ESE direction, coincident with the shear zone with the same direction. The main
fractures in the region have a WNW-ESE, NNE-SSW and NE-SW direction. The issuing of the
thermo-mineral springs are controlled by the interaction of the WNW-ESE shear zone fractures with
the NNE-SSW and NE-SW fractures. The thermo-mineral water in Caldas de Carlão issues in
several natural springs, being the most important emergence of the Nascente da Mina and two
recent wells. The main goal of this work intends to contribute to the knowledge of the thermo-mineral
waters of Caldas de Carlão Spa and to propose a conceptual model of the system. To achieve this
aim, hydrogeological, hydrochemistry, geothermic and isotopic studies were carried out.
Since 2001 to present, Nascente da Mina (spring) and the two recent wells, are being keep under
surveillance for physical and chemical parameters. The results show stability in physical and
chemical properties over time. The stable isotopes, Oxygen-18 and Deuterium, were obtained from
the isotopic analysis of shallow groundwaters and thermo-mineral water samples. During April 2018,
shallow groundwaters were sampled at 8 points spread at different altitudes in the surrounding area
of Caldas de Carlão. At the same time in the Nascente da Mina and in the wells thermo-mineral
waters were collected. The isotopic determinations (Oxygen-18 and Deuterium) for these waters
were performed in CTN/IST (Lisbon-Portugal).) From the hydrochemical point of view, the thermomineral waters of Caldas de Carlão are bicarbonate, sodium, sulfuric, fluoride and alkaline. These
waters present issuing temperatures from 29 to 36 ºC, with a pH (average) of 8.2 and total
mineralization between 430 and 440 mg/L. The chemical composition is strongly dependent of the
water/rock interaction processes, in particular with the granitoid rocks.
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The chemical geothermometers allowed to estimate the reservoir temperature and the maximum
depth of circulation of the thermo-mineral waters, pointing to a mean value of 106 ºC and 3 km,
respectively.
The stable isotopic composition, δ18O e δ2H, show that these waters have meteoric origin, with a
preferential recharge altitude higher than 1000 m, with a fractionation gradient of 0.17 ‰/100 m in
oxygen-18. The combination of the results allowed to elaborate a preliminary version of the
conceptual hydrogeological model for the hydrothermal system of Caldas de Carlão.
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Abstract
The southern part of the Russian Far East is rich in the cold CO2-bearing groundwaters. More than
70 high pCO2 springs mainly located near the faults were presently explored. CO2 is a strong
prevalence in the gas phase (CO2 = 99 vol.%), while other gases (CH4, N2, O2, etc.) are minor. The
Mukhen spa is very popular water in the Russian Far East and very actively used as potable water
and for balneological purposes. It's located in the southern part of the Khabarovsk Krai at about 100
km from Khabarovsk city. The chemical composition of the Mukhen spa water is unique because of
two different types of cold pCO2 groundwaters circulating in the same area. The first type belongs to
Ca–Mg–HCO3 waters with a relatively low TDS (≤ 1.7 g/L) and high concentrations of Fe2+, Mn2+,
Ba2+, and SiO2. The second type is Na–HCO3 waters with high TDS (≤ 14 g/L) and the elevated
contents of Li+, B, Sr2+, Br–, and I–. The main goal of this study is to identify the origin of both water
types based on new isotope data for aquatic (δ18O, δD) and gas (δ13C, 3He/4He, 4He/20Ne) phases
together with a detailed hydrogeological and geological study of the area. The samples of surface
and groundwaters as well the gas phase were collected from 2000 to 2019. Water temperature, pH,
Eh, alkalinity and conductivity were measured in situ. The water samples were filtered through
membranes with a pore size of 0.45 μm to separate the colloids from the dissolved fraction. Major
cations and anions were analyzed by ion chromatography. Trace element and REY concentrations
were determined by ICP– MS analysis. The samples for δ18O and δ2H were collected into glass tubes
without filtration and then determined by mass spectrometry (Finnigan MAT253). The gas
composition was analyzed by gas chromatography and isotope composition (δ13C) by mass
spectrometry. The analytical results are given in ‰ relative to the PDB International Standard. The
precision of the analysis is 0.25‰. 3He/4He and 4He/20Ne measurements were conducted by a static
noble gas mass spectrometer MM5400, Micromass. Obtained data indicate that both types of CO2bearing groundwaters have meteoric origin, and solutes are due to water–rock–gas interaction. The
Ca-Mg-HCO3 groundwater was formed during the intense interaction of meteoric waters with
bedrocks, although the Na-HCO3 groundwater was evolved via a long circulation of meteoric waters
bedrocks (shales, sandstones, and granites). The main factor controlling the formation of the Mukhen
spa water is the intense input of CO2 along deep-seated faults in the aquifers. Obtained δ13C,
3
He/4He, 4He/20Ne CO2/3He values indicate that the CO2 in both boreholes has a common deepseated source.
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Abstract
The hydromineral springs located inside the Thermal Hospital in Caldas da Rainha (the oldest
Thermal Hospital in the world), central Portugal, were used since 1485 to treat the illness and bathe
the poor. The water is sulphurous, rich in Chloride and Sodium, with a total mineralization of
approximately 3000 mg/L, temperature of 32 ºC and pH of 6.9.
The springs are located near an oblique fault, with N-S direction, in the contact zone between
Jurassic carbonate rocks and Hetangian-Retian marls, in a geological setting dominated by a
syncline with diapiric origins. The mineral water circulates in Jurassic limestones.
In addition to these traditional springs there are 2 drilled wells and 2 piezometers. Investigations
were undertaken to characterize quantitatively, chemically and microbiologically the hydromineral
resource, as well as the hydrodynamical connectivity between the several springs and the mineral
water wells. The active springs in the Thermal Hospital consist of 2 pools in the North wing (Queen´s
pool and Inhalation pool) and the Northern spring, and the Men’s pool in the South wing. Several
pumping tests were carried out in the 3 pools of the complex (Queen, Inhalations and Men) and in
the Northern spring. Samples were collected from each of the springs/pools to characterize the water
chemically and microbiologically. The influence on the two wells and two piezometers was
monitored.
The Inhalation and Queen pools are hydraulically connected, they are built in a way that their excess
flow is routed to the Northern spring’s discharge. This discharge has a steady flow rate of 10 L/s,
with a contribution of about 3 L/s from the Queen’s pool and Inhalations pool. The Men’s pool
appears to be a hydraulically independent spring, and its flow rate is of 1.5 L/s. Given the small
drawdowns at the springs and their distance to the wells and the piezometers, there was no recorded
influence. After the final pumping of Queen’s pool, the development of a white gelatinous substance
(Barégine of the French authors), that formed small aggregates, was noted and monitored. Several
microbiological samples were taken to identify and characterize the microbial community
immediately after emerging from the aquifer and five days later. The gelatinous substance formed a
sulphur-turf, an aggregate of sulphur-oxidizing bacteria that reached its peak development 2 days
after the natural filling of the pool with fresh mineral water.
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Abstract
In the Salice Terme area (Lombardy region, Northern Italy) the presence of brackish and salt waters
has been known since Roman times. This area, located in the Staffora Valley, is set on a regional
discontinuity of the Apennine chain (Staffora fault). The stratigraphic sequence is constituted by
marine and continental deposits of Tertiary and Quaternary age, overlying older and more deformed
marine sedimentary formations. The peculiarity of the Salice Terme waters relates to the presence
of two very different hydrochemical facies recognised in a limited area: Na-Cl waters (Sales and
GM1 wells) and Ca-SO4 waters (Montalfeo-Godiasco wells).
The Sales water ranges between 30 to 70 g/L of TDS and 13 to 17 °C in temperature. Na (26 g/L)
and Cl (47 g/L), exceeding marine water salinity, dominate its composition. The Sales water mixes
with shallow groundwater during its ascent, and outflows in a very limited area. Only a few hundred
meters away, the GM1 well shows a similar chemistry (Cl = 35 g/L) but is associated to high levels
of sulphides. Other Na-Cl waters (GM2 and R1 wells) show lower mineralization (TDS range from 5
to 10 g/L), and high concentrations in H2S. Finally, in the Montalfeo-Godiasco wells, another
groundwater type is present, with lower TDS (2.2-4.5 mg/L) and a calcium-sulphate character (SO4
= 0.9-1.9 g/L), with presence of sulphides. Stable isotopes of the water molecule indicate a meteoric
origin for the Montalfeo water, which falls on the Global Meteoric line. Brackish waters fall below the
line and display an isotopic composition close to the deep-seated brines of the Po valley. A mass
balance based on the isotopic composition and on chloride content, using local meteoric water and
the concentrated end-member indicates a fresh water contribution of 65% - 75%.
Carbon-14 and δ13C results show again a clear difference between Montalfeo and Na-Cl
groundwater. Sales and GM1 show a δ13C close to zero and very low, but detectable, Carbon-14
activity, testifying for mixing with recent fresh water. Montalfeo displays a higher 14C activity (60.9 ±
2.3 pmc) and depleted δ13C (-18.9‰). Groundwater dating models were applied to this water,
providing old ages (2000-5000 years). This may be due to the presence of high concentrations of
organic matter, which is often associated with brackish water, leading to very depleted δ 13C and
affecting groundwater age. Sulphur isotopes were analyzed in dissolved sulphates. Results indicate
that sulphur compounds may have a marine origin (Messinian gypsum deposits and/or brackish
residual water) undergoing extensive reduction and precipitating sulphur ores. In conclusion,
regional characterization studies are essential for understanding the origin of water and dissolved
compounds in groundwater with anomalous geochemical characteristics.
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Abstract
The Republic of Moldova (RM) lies in the eastern-central part of Europe in the NE Balkans within the
East European Precambrian Platform and it has a large spectrum of underground mineral waters.
This case study focuses on the geochemical investigation of the dissolved loads from the most
important thermo and mineral waters used for potable and balneological purposes in the country.
The therapeutically mineral waters are mainly located to S and NE of the territory and contain
relatively high contents of H2S (30-80 mg/L), I- (1-60 mg/L), Br- (20-250 mg/L), Li, Rn, Sr and B,
whereas in SW part of the country (Prut River Valley) are situated the thermal water with
temperatures from 22 – 32 °C. By a hydrogeological point of view, the deep aquifers with mineral
waters are located at 200–1000 m depth, from the bottom to the top, in the following reservoirs:
Vendian crystalline basement rocks (V), Silurian crystalline limestone (S1), Cretaceous limestone
(K), Baden-Sarmatian limestone and clay-sand deposits (N1b-s1), middle Sarmatian limestone and
clay-sand deposits (N1s2). The Baden- Sarmatian horizon hosts the main aquifer used for drinking
and balneological purposes.
In this study, 54 water samples were collected from July 2015 to July 2016 during 2 campaigns. By
considering the whole chemical composition of the analyzed samples, the Moldavian waters showed
neutral to alkaline pH (from 6.5 to 8.7), temperature values between 10 and 28 °C, very variable
electrical conductivity (EC) values: from 0.53 to 86 mS/cm, and mostly negative Eh values (from 319 to 112 mV). They displayed a relatively high variability in terms of chemistry, being classified as
Ca(Mg)-HCO3(SO4), Na-Cl and Na- HCO3. The mineral waters are found to S and NE of the country
and contain relatively high contents of F-, I- and Br- (up to 13.2, 23.7 and 140.5 mg/L, respectively),
while high values of As and Ni were found in the Dubasari waters (up to 13.8 µg/L and 43 µg/L,
respectively). The dissolved gases were mainly dominated by N2 (from 0.16 to 0.78 mmol/L) and
CO2 (from 0.02 to 0.66 mmol/L) and, subordinately, CH4 (from 0.00005 to 0.44 mmol/L). The isotopic
ratios in dissolved CO2 were very variable (δ13C-CO2 from -25.2 to +2.8 ‰), the most positive values
being associated with the waters collected from the oil field in the southernmost part of the country.
Finally, oxygen and hydrogen isotopic ratios were ranging from -15.8 to -0.9 ‰ (V-SMOW) and from
-104.5 to -32.8 ‰ (V-SMOW), respectively, suggesting a meteoric source, whose recharge areas
are likely associated with relatively long circuits, though at low temperatures since no 18O-shifts were
observed.
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Abstract
Research into conditions of thermal and medicinal water occurrence in the Sudetes has not been as
detailed as in other parts of Poland so far. This is due to the various geological and tectonic
conditions in this area and few regional-scale hydrogeological and geophysical studies. The central
Sudetic region contains medicinal waters e.g. in Ladek-Zdroj, Duszniki-Zdroj, Kudowa-Zdroj,
Jeleniow, Polanica-Zdroj, Gorzanow, Dlugopole-Zdroj, Szczawno-Zdroj and Jedlina. In recent years,
more detailed research has been conducted into conditions of the occurrence of Gorzanów waters
(2014-2016) and Ladek-Zdroj thermal waters (2018-2019). In the latter location, a new 2500-metre
deep borehole capturing thermal waters (LZT-1) has been drilled.
So far, investigations into conditions of thermal and medicinal water occurrence in the Sudetic
province have confirmed that local tectonic zones are the main drainage paths for these waters. It is
the authors’ opinion that thermal water occurrence on a regional scale could be linked to the strike
of deep tectonic fractures. Selected zones could be regarded as prospective areas of thermal water
exploration. This is particularly the case for areas of regional deep fracture zone intersections with
dislocation zones. Faults can transport thermal waters from deep circulation systems as well as
endogenous carbon dioxide. Selecting these zones as prospective areas of thermal and medicinal
water occurrence seems to be justified by the presence of thermal waters (Krosnowice, DusznikiZdroj, Jeleniow, Ladek-Zdroj), CO2-rich waters, often high in TDS, (Kudowa-Zdroj, Duszniki-Zdroj,
Jeleniow, Polanica-Zdroj, Szczawno- Zdroj, Jedlina) or waters with increased concentrations F- ions
(Smereczyna, Ladek- Zdroj) in their vicinity.
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Abstract
The Caucasian mineral water region is very famous in the Russian Federation due to the presence
of plenty of therapeutic mineral springs. Essentuki mineral groundwater basin of 130.75 km2 is
located in the central part of this region and content a lot of types of mineral waters with different
temperatures, TDS, pH, chemical, and gas composition. The hydrogeology section of the region is
the monoclinal layers of Meso-Cenozoic aquifers going down towards the aquitards ProterozoicPalaeozoic basement. The recharge occurs in the southern and southwestern mountainous parts of
the region, represented by the system of the Upper Jurassic and Cretaceous cuestas. TDS is limited
by the water chemical composition and varies from fresh (0.5-0.9 g/L) to high-salinity (10-13 g/L).
According to the main anion, the chemical type of groundwater is changed from HCO 3 to Cl-HCO3
or SO4-HCO3. Based on gas content, the studied mineral groundwater could be still water or CO2bearing water, sometimes H2S rich aqua. The most popular are Na-HCO3-Cl waters known as
«Essentuki 4» and «Essentuki 17» circulated in upper Cretaceous and Paleogene sediments. The
main goal of this study is to estimate the subsurface temperatures and the circulation depth of
mineral groundwaters from Essentuki area. The geothermometer can be used for the estimation of
the geothermal springs reservoir temperatures based on the chemical or isotopic composition of the
hot groundwater. The Na-K geothermometer is suitable for the estimation of high-enthalpy water
above 180 °C; the Na-K-Ca geothermometer is suitable for calcium-rich groundwater; and Na-K-CaMg geothermometer can be used for the estimation of low- enthalpy (< 100 °C) groundwater. The
main criteria for using the cation geothermometer requires is the equilibrium between water and
bedrock. Besides cation geothermometers, SiO2 is another commonly used geothermometer. In this
study we used Na-K, SiO2, and Na-K-Ca-Mg geothermometer for estimation the “real subsurface”
temperatures of studied mineral waters. Also the circulation depth of waters was calculated based
on the formula suggested by Yang et al., 2017. The estimated subsurface temperatures of studied
groundwaters vary from 53 °C to 210 °C based on the Na-K geothermometer, from 74 to 187 °C
based on the Na-K-Ca geothermometer and from 43 to 68 °C using the silica geothermometer. On
the whole, the highest reservoir temperatures are indicated by Na–K–Ca geothermometer, while
strongly lower estimates are obtained using silica geothermometers. We suggest that Na-K-Ca
geothermometer demonstrated the most satisfactory results. There is a direct correlation between
water temperatures and the aquifer depth. Taken into account the local geothermal gradient
(approximately 40-42 °C per km) we calculated the circulation depth of studied mineral
groundwaters. The obtained circulation depth ranges from 460 m to 3950 m.
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Abstract
The Sudetic Geothermal Region (SGR) located in the south-western Poland includes the Sudetes
Mts and the Foresudetic block, which is a tectonic step between the uplifted Sudetes Mts. and the
lowered Foresudetic Monocline. The mineral waters in SGR are connected with two geological
structures of the Sudetes Mts, namely: Intra-Sudetic depression – Szczawno-Zdrój and Orlica massif
– Duszniki- Zdrój. At Duszniki, the host rock is Proterozoic schists and paragneisses, while at
Szczawno-Zdrój waters occur in Carboniferous conglomerates and sandstones.
The mineral waters in particular hydrogeological systems are of meteoric origin and differ among
each other in outflow temperature, depth of water circulation, chemical composition as well as the
rare earth elements (REE) concentration and distribution. The waters investigated may be
characterized as slightly acidic pH from 6.10 to 6.24 in Duszniki and pH from 6.23 to 6.37 in
Szczawno. Total dissolved solids varied from 1.14-2.45 g/L in Duszniki-Zdrój and 2.3-3.9 g/L in
Szczawno-Zdrój. HCO3-Na-Ca and HCO3-Na dominated waters in Szczawno-Zdrój. In Dushniki
observed HCO3-Ca-Mg and HCO3-Ca-Na- (Mg). In both research places, mineral water saturated
with CO2. REE concentrations were measured with application of SeaFast pre-concentration system
followed by ICP-MS, which yielded detection limits of 0.001 – 0.08 ng/L.
The waters of Duszniki hydrogeological system, which characterize the lowest pH values and highest
CO2 content, reveal the highest REE concentrations in the range of ∑REE from 1506.72 to 4829.58
ng/L, which is around 2-3 orders of magnitude more than for Szczawno-Zdrój (∑REE from 473.88 to
570.49 ng/L). REE content in waters studied shows negative correlation with outflow temperatures
which is probably due to REE speciation and dominant complexing ligands connected with specific
mineral phases in rock environment. The chondrite normalized REE-patterns exhibit light-REE
(LREE) enrichment over medium-REE (MREE) and heavy-REE (HREE) in waters of Duszniki-Zdrój
and predominant HREE enrichment in waters of Szczawno-Zdrój. Normalization of the REE content
to local aquifer rocks exhibit flat or HREE enriched trends which suggests that REE are either
transferred to water in proportion to their relative concentrations in the source rocks or the HREE
are preferentially mobilized. The negative Eu anomaly can be observed on the REE-patterns for
waters of Duszniki-Zdrój. The observed Eu anomalies might be source-related in waters of this
research area, due to the similar depletion in Eu observed on the REE-patterns of source rocks.
This work was supported by National Science Centre Poland, grant number UMO2015/17/B/ST10/03295.
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Abstract
Triassic evaporites are widely distributed throughout the Alps as anhydrite or gypsum lenses and
layers, often located in areas with complex tectonic settings. Several alpine groundwaters acquire
their hydrogeochemical footprint by leaching these deposits and are currently exploited in spa
facilities or in bottled mineral water production. Here, we present an isotopic investigation conducted
to define the origin of the Ca-SO4 waters of the Boario Terme area (Camonica Valley - Southern
Alps). These also include “Antica Fonte”, a renowned Mg-sulphate mineral water with well-known
therapeutic properties.
The isotopic analyses of dissolved sulphates (δ34SSO4 and δ18OSO4) were carried out both on the
Boario Terme waters, and on other waters circulating in the Permo-triassic Formations of the
Southern Alps outcropping in the Camonica Valley. Anhydrite and gypsum samples from the
Carniola di Bovegno (lower Triassic - lower Anisian) and San Giovanni Bianco Formations (middleupper Carnian) were also analysed as potential sulphate sources. To complete the geochemical
conceptual model, analyses of δ13Calk were also carried out in Boario Terme groundwaters. Results
indicate that the Boario Terme groundwaters derive from a mixing between calcium-bicarbonate
waters, with low mineralization (TDS ≅ 300 mg/L), and calcium-sulphate waters, with high
mineralization (TDS ≅ 3000 mg/L). δ34SSO4 in the most mineralized Ca-SO4 waters ranges from
24.7‰ to 27.2‰, while δ18OSO4 ranges from 16.9‰ to 17.6‰. These isotopic values, although slightly
enriched, correspond to those of the anhydrites found in the Carniola di Bovegno Formation (24.7‰
and 16.1‰ for δ34SSO4 and δ18OSO4, respectively).
The δ34SSO4 and δ18OSO4 compositions of the Ca-HCO3 waters from the Triassic limestone range
between 2.9-3.8‰ and 3.5-5.7‰, respectively. Sulphate in these waters is due to an oxidation of
pyrite found in the carbonate aquifer.
The results of this investigation provide valuable information for a sustainable exploitation of the
Boario Terme groundwaters.
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Abstract
The city of Budapest lays on the discharge area of the Buda Thermal Karst System, and as a
consequence the city is very rich in thermal waters. The unique flow system consists of two main
units: northern and southern arms. The open karst infiltration area of the Buda and Pilis Mountains
extends to the western part of the city, but the main flow is confined, where the fractured karst aquifer
lies under several hundred to a thousand meters of Tertiary confining layers. The descended and
up-heated water moving to the East meets with the sedimentary aquiclude layers which forces the
water to move up-and-back. The natural terminal of the flow paths is the rocky Buda side of Budapest
manifested as springs – the urban use of thermal water created more than 30 active thermal wells
within the city limits.
A pair of deep thermal water wells – located just about 50 meters from each other in the south part
of the Buda side – are exploiting water from the same aquifer at a depth of 900 and 1000 meters.
Despite their vicinity, there is some definite difference in the chemistry and isotopic characteristics
of the two thermal karst wells.
In our presentation we discuss the possible explanations for this phenomenon.

60

Caserta, Italy

June 26 – 30, 2022

T1_050

HYDROTHERMAL BASAL AQUIFER OF ANGRA DO HEROISMO (TERCEIRA ISLAND,
AZORES): CHEMICAL, ISOTOPIC AND HYDRAULIC CHARACTERIZATION
Carvalho M.d.R.1, Sá H.2, Freitas A.2, Nunes J.C.2, Carreira P.M.3, Marques J.M.4, Carvalho J.M.5
1

Universidade de Lisboa, Faculdade de Lisboa, Departamento Geologia, & IDL, Lisboa, Portugal
INOVA & Universidade dos Açores, ilha de S. Miguel, Açores, Portugal
3 Centro de Ciências e Tecnologias Nucleares, Departamento de Engenharia e Ciências Nucleares, Instituto
Superior Técnico, Universidade de Lisboa, Bobadela LRS, Portugal
4 CERENA, Instituto Superior Técnico, Universidade de Lisboa, Lisboa, Portugal
5 Laboratório de Cartografia e Geologia Aplicada, Instituto Superior de Engenharia (ISEP), Politécnico do
Porto, & GeoBioTec, Universidade de Aveiro, Campus de Santiago, Aveiro, Portugal
2

Keywords: Hydrothermal resources - Basal aquifer - Steam heating - Hydraulic diffusivity - Terceira
(Azores)

Abstract
In the Azores islands the mineral and thermal waters arise in dependence on high enthalpy
geothermal systems. The contamination of shallow aquifers by volcanic gases and/or hydrothermal
steam arising from geothermal systems in depth results in the occurrence of mineral and thermal
waters in perched and basal aquifers. The Pico Alto geothermal system, located in the central part
of Terceira Island, where Pico Alto and Guilherme Moniz polygenetic volcanoes and the Basaltic
Fissural Zone formations outcrop and interact, manifests at the surface through the occurrence of a
fumarolic field (Furnas do Enxofre), soil degassing and shallow aquifers contamination by steam and
volcanic gases. The Angra do Heroísmo hydrothermal aquifer, located on the southern slopes of the
Guilherme Moniz Volcano and the Basaltic Fissural Zone, is a basal fissured aquifer discharging at
the coastline and develops mostly in basaltic s.l. formations associated to the above mentioned
volcanic systems. Three boreholes cross the aquifer at levels close to the mean sea level and
capture water with temperatures ranging from 24 to 37 ºC. Chemical and isotopic (δ 18O and δ2H)
analysis were performed to characterize the hydrothermal system. The water has Na-HCO3 facies,
with electrical conductivity between 614 and 1975 μS/cm. The pH ranges between 6.42 and 7.33,
the total dissolved CO2 is between 288 and 1153 mg/L, and H2S is from 0.68 to 1.07 mg/L. This
composition shows clearly a deep contribution of volatiles with hydrothermal/volcanic origin. The
dissolve silica varies between 69 and 162 mg/L. The higher values are more in the dependence of
acidic leaching of the rocks than higher temperature, not allowing correct geothermometric
assessments. The boreholes are located away from the shoreline, between 1900 and 2625 m. Two
of them can produce flow rates of 432 m3/day and 864 m3/day, with specific rate of 8.33 m2/day and
1.1 m2/day, respectively, pointing out transmissivity of 121 m2/day and 19 m2/day. A tide essay
preformed in the third borehole revealed piezometric fluctuations of 5 cm in response to an ocean
tide of 1.2 m. Simultaneous recordings of the ocean tide and of the piezometric variations showed
an average delay of 3 hours and 33 minutes, allowing to estimate the hydraulic diffusivity of the
aquifer formations of about 5,885 m2/min, computed taking in consideration the time lag and tidal
efficiency factor and assuming a confined aquifer assumption. Those hydraulic parameters point out
the high heterogeneity of the Angra do Heroísmo hydrothermal aquifer, in the direct dependence of
faulting and fracturing, as evidenced on the geological mapping of the area.
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Abstract
The study deals with the springs at the base of Montepugliano, a carbonate hill that represents the
SE edge of the wide Matese massif in Campania (southern Italy). At the base of the hill, from west
to east and for almost one kilometer, we find cold springs HCO3-Ca type (Grassano springs - about
4 m3/s; TDS: 0.45 g/L) and then hypothermal, HCO3-Ca type, sulphurous and CO2-rich springs
(about 1 m3/s with TDS> 1 g/L). Some of the latter springs are widely used in Telese spa for the
treatment of skin diseases, the digestive and respiratory systems and rheumatism problems. The
benefits can be reached by direct assumption (water as a beverage) but also by aerosol and bath
therapies. It can be hypothesized that microbial composition is able to enhance the previous
described healthy properties, additionally to the peculiar chemical composition. Unlike Grassano
springs, the mineral, sulphurous waters’ origin would be linked to the earthquake of 1349; however,
this phenomenon would have been a reactivation of older mineral springs since the wide travertine
outcropping (about 10,000 yr b.p.) found is certainly linked to the local presence of mineral waters.
The catchment area of these copious water resources is located in the Matese massif as indicated
by previous studies. The first isotopic data (D and 18O) for sulphurous waters are - 47.1 ‰ and - 7.7
‰ (vs VSMOW), respectively. Based on these values, the catchment area would correspond to the
polje that hosts Matese Lake (about 1000 m a.s.l.). The chemical and isotopic analyses allowed to
verify that the sulphurous springs are due both to meteoric waters infiltration and to enrichment of
endogenous CO2 and H2S: gases that rise towards the surface through important faults present at
the base of Montepugliano hill. These gases increase dissolution of carbonate aquifer, determining
very high values of HCO3-, Ca2+ and Mg2+ ions in the hypothermal springs.
According to this hypothesis, the mineralization of waters is therefore closely related to the faults
and, far from these, the chemistry of groundwater is scarcely (or not at all) affected. This is clearly
shown comparing the chemical data of the Grassano springs (which are about 1 km westward from
the mineral waters) and those of the waters sampled in wells that are located upstream the mineral
springs with respect to the groundwater flow.
A geochemical survey (with samplings every 15 days) is underway for Grassano springs, for the
mineral sulphurous waters and for the waters of numerous wells in order to monitor chemical and
bacteriological variations during the year and assess the stability of the groundwater chemistry,
comparing the current data with those of previous surveys.
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Abstract
Groundwater from carbonate aquifers is the most important drinking water resource of the Campania
region (southern Italy), where 24% of the surface is constituted by carbonate rocks. The main
aquifers are the karst aquifers, but there is also water stored in dolomite rocks. Permeability types
in dolomite are complex, often being a combination of pores and fractures (solution and structural
fractures). Moreover, dolomites are subjected to leaching of meteoric fresh water and therefore to
weathering. The product of weathering is sometimes very similar to unwelded sediments, with
granulometry from silty to sandy and it is named “floury dolomite”.
The northern part of the town of Salerno occupies the wide valley of the Irno River, surrounded by
slopes of Mesozoic dolomites (Picentini-Lattari Units). The dolomitic sequence is interrupted by a
marly-calcareous horizon, which identifies two distinct intervals: the "lower dolomites" and the "upper
dolomites". While the "upper dolomites" outcrop extensively on the mountainous ridges, the "lower"
ones outcrop in the lower sectors of the slopes and they were also found, in floury form, in the valley,
below the alluvial sediments.
The valley is occupied by pyroclastic and alluvial deposits (thickness about 10 m and with very fine
grain size) that hide the contact between the dolomites and the more recent impervious sediments
(Mio-Pliocene). Groundwater flows in the dolomitic rocks and it is confined by the pyroclastic and
alluvial deposits.
In the valley, there are some springs, generated by the erosion of these fine deposits. Groundwater
chemistry is of a calcium-bicarbonate type, enriched by alkaline deriving from the leaching of the
alluvial and pyroclastic cover. There are also mineral waters (TDS > 1 g/L) with very high CO2
content that upwelling along the tectonic lineaments of the area. This CO2 is very aggressive towards
the dolomite and therefore the floury form of the dolomite is partially due to ancient and current
hydromineral phenomena and partially to the intense tectonization of the area.
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Abstract
Ischia Island is characterized by a main groundwater body lying above sea level. The groundwater
composition reflects contributions from meteoric water, sea water and thermal fluids rising from two
distinct hydrothermal reservoir, with depths of 150-300 m and >300 m. Chemical composition,
salinity, gas content (CO2 and sometimes H2S) and temperature present high variability, especially
due to deep contributions related to magmatic activity and to marine contamination. Groundwater
ranges from calcium-bicarbonate to alkali-chloride waters, with TDS from 1 to 42 g/L and
temperature from 13 to 90 °C. Fluoride and arsenic content is very high. In undisturbed scenarios,
without pumping perturbation, groundwater flows towards the sea. The transmissivity is about 10-3–
10-4 m2/s for the volcanic aquifer, higher values are in the NE part of the island, where the aquifer is
constituted by fissured lavas and coarse grained pyroclastics. The seismicity of Ischia Island is
generally moderate, although in the past there have been strong earthquakes causing considerable
damages. The seismic events of 1881 and 1883 (Md = 5.78) had catastrophic effects, with more
than 120 and 2300 people dead, respectively. The last remarkable event was in Casamicciola in
2017 (Md = 4.0). The highly destructive character of the earthquake can be ascribed essentially to
the shallow depth of the source (<2 km): two women died, many more people were injured, and
many buildings were destroyed. Currently, the seismicity of Ischia is monitored by 3 seismic stations
of the Osservatorio Vesuviano network and, more recently, by several mobile stations added after
the 2017 earthquake. The stations every year detect few low energy events. In some years, the
activity is stronger, such as, during the first half of 2011, where 11 seismic events were recorded.
With the aim of individuating elements in groundwater to be used as seismic precursors, we studied
the hydrogeochemical and isotopic dataset associated with seismic events that occurred from 2004
to 2018. For two monitoring sites in the island, the oxygen (δ18O) and hydrogen (δ2H) isotope
composition was observed in the period 2010–2016 and groundwater chemistry in the period 20042018. The groundwater stable isotope data matched well with the seismic events and especially
δ2H, highlighting significant anomalies greater than 3 times the median value. Hydrogeochemical
anomalies were observed months before the seismic events, including variations of electrical
conductivity and an increase of As and V concentrations. After the events, these elements tend to
recover their normal concentrations. These anomalies can be interpreted as seismic precursors,
representing the local response to the variations in volcano-tectonic structures and hydrothermal
circuits.
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Abstract
The artesian borehole R-30 – Staro Oryahovo with total depth of 1740 m gives waters with а
mineralization of 31 g/L from sand formations of Paleogene age. These waters contain high
concentrations of iron (about 300 mg/l) and because of this, intense precipitation of iron compounds
takes place at and around the wellhead. To clarify the ongoing processes, samples of overflow water
were taken, and the modes of occurrence of iron and their changes along the water flow as well as
the saturation indexes of mineral phases were determined in them. The chemical and mineral
composition of precipitates was studied. The obtained results allowed us to draw conclusions about
the processes that occur when the thermodynamic conditions change during the discharge of water
to the surface.
The research was carried out in the framework of the bilateral cooperation project between Bulgaria
and Austria number NTS 01-8 "Scaling and corrosion in hydrogeothermal plants and wells in Austria
and Bulgaria - a comparison", financed by the Austrian Federal Ministry of Science, Research and
Economy (BMWFW) and by the Bulgarian Ministry of Education and Science (Scientific Research
Fund ) `contract 1/13, 5.10.2017
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Abstract
The Borjomi deposit of carbonic mineral waters has been widely known since the middle of the 19th
century. The unique hydrocarbonate-sodium composition and taste have made the Borjomi mineral
water world-famed. The Borjomi deposit is located in the valley of the Mtkvari River in the estuary of
its tributaries Borjomula and Gujaretistskali.
Structurally and tectonically, the Borjomi deposit is attributed to the most tense nodal part of the
median lifted block of the central elevated part of the Ajara-Trialeti folded alpine system in the nodal
point of intersection of the Northern and Southern deep faults, which are associated with quaternary
magmatism of the area. Within a radius of up to 20-30 km from the center of the deposit, numerous
manifestations of carbonic acid mineral waters of Borjomi type as well as chloride-hydrocarbonate
and hydrocarbonate waters with a mixed cationic composition, forming the Borjomi group of deposits,
have been recorded.
According to the authors, the Borjomi deposit and other water occurrences of carbonic acid mineral
waters, which are its derivates, have a single deep magmatic hearth that determines the carbon
dioxide composition of mineral waters. Mineral waters are localized in the zones of increased
fracturing of water-bearing rocks, which attributed to transverse and main deep faults where the
carbon dioxide gas-water fluid migrates into aquifers containing carbonic water. The resources of
thermal and gas-chemical composition of carbonic mineral waters of Borjomi group of deposits have
being formed by mixing the flow of deep magmatic gas-water fluids (supercritical fluids of acid gases
and water – “sc-fluids”), also called as the “trunk stream”, and lateral flow of fresh meteogenic waters.
When mixed by ejection, these flows form the final composition of carbonic acid mineral waters by
carbon dioxide leaching. Different salt composition of carbonic mineral waters of the Borjomi deposit
is connected with different salt composition of the complex of water-bearing rocks and the degree of
their washing out (leaching) during a long geological time. Naturally CO 2-rich mineral groundwaters
have been exploited for centuries for bottling and for thermal activities and still constitute a dynamic
economic market. Given the importance of soda waters in beverage market, the detection and
sustainable management of new producing zones will become of great interest to secure future
supply. However, CO2-rich mineral water systems are still difficult to fully understand since they
usually involve a complex network of water bearing fractures enabling the uplift of CO 2-rich
groundwater to the surface. A scientific approach of prospection preceding drilling operations is
crucial to detect in a robust manner potential uplift zones and to address corresponding uncertainties.
In this context, non - to minimally - invasive near-surface geophysical methods have proven to be
efficient. Particularly, electrical tomography resistivity images are suited for the delineation of faults
in fractured rocks. Nevertheless, they do not enable to discriminate CO2-rich groundwater.
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The objective of this contribution is to assess the value of combining electrical resistivity with induced
polarization methods to explore specifically carbogazeous sources. Electrical resistivity methods
study the opposition of electrical flow in rocks whereas induced polarization investigates the capacity
of rocks to store electrical energy (or charges), referred to as chargeability. Both data sets are
complementary and can be acquired simultaneously using the same system and field setup. Several
combined electrical resistivity and induced polarization tomographies were performed in the
Ardennes Region in the south east of Belgium where CO2-rich mineral groundwaters are bottled in
the sites of Bru-Chevron and Spa Monopole (Spadel Group) for an annual production of more than
40 ML of naturally sparkling mineral water. The profiles were collected near known uplift zones and
the results were yielded similar characteristics displaying strong contrasts in both electrical resistivity
and chargeability at the spring location. On one hand, resistivity contrasts are interpreted as fractures
enabling the uplift of deep groundwater to the surface. On the other, the results suggest that
chargeability contrasts are associated with the presence of metallic oxides and hydroxides in the
upper part of the aquifer. Due to their high content in dissolved CO2, carbogazeous groundwaters
are acidic in depth and tend to dissolve metallic minerals from the host rock. These ions can
precipitate as oxides and hydroxides following the pressure decrease and change in redox conditions
during the upflowing towards the land surface. We conclude that the combination of electrical
resistivity and induced polarization is a very promising tool for a more robust prospection of naturally
sparkling groundwaters.
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PROTECTION AND MANAGEMENT OF
MINERAL AND THERMAL WATERS
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SOCIO-HYDROGEOLOGY AT THE SERVICE OF NATURAL MINERAL WATERS
PRESERVATION, KEY COMPONENTS AND MULTI-BENEFITS FOR PEOPLE AND
NATURE
Dörfliger N.1
1

Danone, PIO/DWAP, 11 avenue Général Dupas, 74500 Evian-les-Bains, France

Keywords: Natural Mineral Waters – Waterstewardship – Preservation - Multi-benefits - Sociohydrogeology

Abstract
Socio hydrogeology a recent new discipline is targeting the inclusion of the social dimension into
hydrogeological assessments. It aims to provide management practices with better support (Re,
2015). It is aligned with the general definition of socio-hydrology, understand as the science of people
and water (Sivapalan et al. 2011), studying transdisciplinary the interdependencies between the
anthropogenic impact on groundwater and the impact of groundwater, - capacity, scarcity, quality,
and protection – on human wellbeing and environment. This means to integrate stakeholders in
groundwater investigations, management and preservation, to include stakeholders’ knowledge and
disseminate outcomes to groundwater users.
Natural mineral waters emerging from deep aquifers with a transit time of several years, decades
and even more, are characterized by two main features, (i) purity – quality and stability of mineral
content – and (ii) natural geological protection. Major changes in land use in the catchment area
could impact the purity and stability of the water resource over long term. Climatic change if it may
not directly generally have an impact on the NMW aquifers, may affect water resources in the same
impluvium. The impluvium preservation is key to guarantee the original mineral content of the NMW.
It may concern a large territory, the whole impluvium.
Sustainability, NMW groundwater management and governance in a global change context are of
concern for NMW bottling industry. Preservation actions overall impluvium with stakeholders are
essential. The journey started long time ago in NMW impluvium. Nowadays it is what we call
Waterstewardship (WS), a concept aiming to develop collective solutions with local stakeholders by
companies in response or in anticipation of water crisis, in a way that is socially equitable,
environmentally sustainable, and economically beneficial (UNIDO) introduced 15 years ago by the
CEO Water Mandate.
Carrying out Waterstewardship at the NMW impluvium level requests to merge both socio economic
study and hydrogeological sciences; it is part of socio hydrogeology. Collective preservation actions
allow to have multi benefits on long term and to strengthen water governance. The assessment of
the multi-benefits of the collective actions can be carried out using some framework such as the
Volumetric Water Benefit Accounting (VWBA, 2019), the volume of water resulting from WS activities
that modifies the water cycle in a beneficial way or helps reduce shared water challenges at the
impluvium. Other benefits such as the impact on biodiversity, on GHG sequestration or reduction
and regarding the people livelihoods, including improvement of incomes can be assessed.
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Several examples of WS in NMW catchments area in France and in Indonesia will be used to
illustrate the purpose of the topic of this keynote.
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Abstract
Sustainable use of groundwater in the hydrothermal area of Viterbo (Central Italy) was analyzed. In
this area, multi-purposes utilization of groundwater coexists: several thermal springs and wells
supply spas and public pools, cold and fresh water is used for irrigation and drinking-water. Turning
into practice theoretical concepts, a management plan has been developed to ensure groundwater
sustainability in response to the increased demand of withdrawal from thermal wells. Available
hydrogeological studies, new investigations, socio- economic surveys and groundwater numerical
modelling were integrated into a decision-making process. Constraints were applied to the different
socio-environmental components, including: to maintain the quality of thermal and fresh waters, to
limit the effects on the hydraulic equilibrium existing between overlapping aquifers, to ensure a
significant flow to the public thermal springs and the quality and flow rate of the spring used for
drinking purposes. According to the stakeholders interviews, the irrigation uses were ranked as lower
priority. The practical approach provided, in an uncertainty-based framework, the identification of the
maximum pumping rate from the wells of the spas, analysis of the response time of the system under
different development scenarios and drafting of a safeguard and monitoring plan. The case
examined represents an example of practical actions for groundwater management starting from
theoretical concepts of its sustainable use. Numerical modelling in conjunction with a number of
software, social, economic partners can serve decision-making in complex environments, allowing
to quantify the system uncertainties and informing the players of the game about different hypothesis
testing outcomes. Participative approach among the different water decision-makers and softwaresupported adaptive management in the use of groundwater resources represent the key points to
overcome conflicts between different informed users, always bearing in mind the ineludible
uncertainties of the hydrogeological model.
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GEOTHERMAL SYSTEM: THE EUGANEAN GEOTHERMAL FIELD CASE STUDY (NE
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Abstract
One of the aims of the 21st century is the use of natural renewable resources favoring the reduction
of greenhouse gas emission and the human footprint. Geothermal water represents a kind of natural
renewable resource that should be sustainably used. While the renewability of a geothermal
resource is associated to the hydrogeological processes that permit its development, the
sustainability is strictly related to the human activities. Consequently, a management program
combining the renewability and the sustainable exploitations of a resource can guarantee its longtime preservations. Numerical simulations can represent a helpful instrument in order to assess the
hydrogeological processes affecting a geothermal system and the impact of human activity in its
protection. The Euganean Geothermal Field (EuGF; Veneto Region, NE Italy) is a typical example
of natural geothermal system in which a management program for the sustainable exploitation of
thermal water is required, as highlighted by the rapid decrease of the potentiometric level recorded
during the intensive exploitation stages occurred form 1970s to 1990s. The EuGF represent the
exploitation field of a system extending on a regional scale, the Euganean Geothermal System
(EuGS). The EuGF cover an area of about 25 km2 in which approximately 250 wells are active. Each
year, an amount of 15 x 106 m3 of thermal water are exploited with temperature ranging from 63 to
87 °C. This thermal water is mainly employed for balneotherapy and recreational purposes,
producing an income of about 300 million euros per year. With the aim to preserve this natural
resource for future generations, a numerical simulation approach was employed. The workflow
adopted can be divided into two main steps. The first one is the definition of the regional
hydrogeological processes that permit to explain the existence of the system and consequently its
natural renewability. To enforce the reliability of numerical model results, a detailed geological
reconstruction of the EuGS was performed in which the main geological features affecting the system
were considered. The geological reconstruction was implemented into the numerical model by an
unstructured mesh permitting to maintain a high degree of detail in the representation of the
heterogeneity affecting the geothermal system. The second step is the definition of the sustainability
of the system considering only the exploitation field, where human activities occur. A geological
reconstruction of the EuGF was performed considering the pattern of local scale faults/fractures
deforming the bedrock. These structures represent the main pathway for the thermal water
circulation. Numerical simulations were used to define the potentiometric level distributions in the
EuGF and how it is affected by the exploitation activities. This represent the starting point for the
assessment of a management program to define the sustainable exploitation of the Euganean
thermal water.
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Abstract
The Island of Ischia, one of the active volcanic islands in Italy, is a famous tourist resort for spa
treatments. Spas are supplied by withdrawals from groundwaters which are characterized by a wide
range of chemical compositions, salinity (from 1 to 42 g/L) and temperature (from 13 to 90 °C). There
are 264 groundwater tapping points on the island (244 wells and 20 springs), located in an area of
about 18 km2 mainly near the coast. In natural conditions, the hydrogeological system of the island
is recharged by rainfall and by deep fluids; the discharge is towards the sea and the springs. During
the peak season, when a total discharge of about 600 L/s is pumped, a significant additional recharge
of the aquifers derives from seawater and from upwelling increase of deep fluids. Although this does
not compromise the availability of groundwater in quantitative terms, the pumping modulates the
quality of the water captured by the wells. The maintenance of a stable quality of tapped
groundwaters represents one of the requirements for their use in the spas, that cannot disregard the
overall control and regulation of flow rate and duration of pumping.
A general scope of our research project is a complex model for the optimal sustainable exploitation
of the groundwater resources of the island, by competing users. For the mathematical description of
the arising multi-objective optimization problem with conflict of interests, a game-theoretical model
is at hand. In the game the consumers (spas) are the players, the strategy of a player is a timedependent groundwater withdrawal, and the total quantity of withdrawn in a given time period is the
player’s utility or payoff. It is natural to seek an equilibrium solution (Nash equilibrium, NE), where
each player choses a strategy such that no player can benefit by changing his/her strategy while the
other players keep theirs unchanged. In general, it is rather easy to guarantee the existence of a NE,
but in the present case the game model has some particular features needing further development
of the basic NE. First, the exploited groundwater resource is constrained by the maintenance of
quality requirements for use in the spas. Second, unlike the classical case of independent strategy
choice of the players, there is a time-dependent constraint for the total withdrawal without triggering
an excessive seawater intrusion and upwelling of deep fluids. Third, the activity of a pumping well
may affect the yield of the nearby wells. Fourth, for numerical realization of a solution algorithm, the
large number of players is also a challenge. Fifth, the authority, responsible for the sustainability of
the system, can also act as an additional, distinguished player.
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Abstract
Mineral water resources located in the Changbai Mountain basalt area of the Northeast China
Minister are the most important drinking water source in China and occupy an important position in
the economic composition. The Changbai Mountain basalt area has the richest mineral water
resources and contains many trace elements, such as metasilicic acid. However, the ecoenvironment system that is mutually dependent on it is relatively fragile, and it is extremely difficult
to return to its original state once it is damaged. In order to ensure the sustainable use of mineral
water resources in this region, it is of crucial importance to calculate the exploitation and utilization
degree of mineral water based on the ecological base flow in each spring group. In this study, four
hydrologic methods were used to calculate the ecological base flow of each spring group, which
were Tennant method, base flow proportion method, driest monthly average flow method and Texas
method. The data sources are based on 720 months of runoff data from 1956 to 2015 in each spring
group. Comparative analysis of the four calculation results obtained the ecological base flow of each
spring group, Baijiang spring groups are 0.01-0.10 m3/s, E River spring groups are 0.01-0.18 m3/s,
Huangni River spring groups are 0.01-0.15 m3/s, Qinglong River spring groups are 0.01-0.08 m3/s,
Manjiang River spring groups are 0.19-1.36 m3/s, Songjiang River spring groups are 0.21-1.21 m3/s,
Naitou River spring groups are 0.13-0.89 m3/s. According to the obtained ecological basis flow, the
exploitation coefficient of each mineral spring group is determined. The results show that the
proposed exploitation coefficient of Qinglong River and Baijiang River spring groups are 0.35; the
proposed exploitation coefficient of E River spring groups is 0.45; the proposed exploitation
coefficient of Manjiang, Songjiang River and Naitou River spring groups are relatively large, the value
is 0.47; The Huangni River spring groups is not recommended for exploiting due to its small flow.
The study results can provide a reference for the development, utilization and protection of mineral
water, and have a certain practical value.
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Abstract
Good governance of exploitation of thermal water and its energy is a recurrent challenge and
common assessment methodologies, monitoring procedures, and data sharing are important to
enable comparison among practices disregarding the entities, e.g. users, countries, aquifers. An
innovative benchmarking methodology provides an informative tool for thermal water management
that enables fast and graphical comparison of 12 different indicators among themselves and selected
entities, being grouped into four general aspects: i) Management: Licencing procedure, Monitoring
requirements, Monitoring setup, Passive monitoring setup; ii) Technology & energy: Operational
issues, Cascade use, Thermal efficiency, Utilization efficiency, iii) Environment: Reinjection, Overexploitation, Status of water balance assessment, and iv) Social: Public awareness. Each indicator
is grouped into one of five categories, pointing out how much efforts have to be taken to improve the
current practice; high need for improvement, need for improvement, reasonable, good and very good
practice. An Excel spreadsheet named Benchmarking tool is published on DRGIP under
Benchmarking (https://www.darlinge.eu) and can be used for your calculation.
The tool was tested using information on about 225 geothermal objects in parts of Hungary, Slovenia,
Croatia, Serbia, Bosnia and Herzegovina and Romania. Eight sub-regions within three
transboundary areas were investigated. The HR-HU-SI pilot area mostly taps transboundary porous
basin fill reservoirs (54 objects). The same stands for the HU-RS-RO pilot area (more than 170 wells)
while four wells in the BA-RS pilot area produce from basement carbonate reservoirs. The overview
indicates that future activities should regionally support implementation of generally good legislation
into practice, harmonization of monitoring systems and their authorization by authorities, and
implementation of passive monitoring systems in regionally or transboundary important geothermal
reservoirs. As quantity of abstracted water is mostly close to permitted amounts, geothermal
development will be found on new exploitation sites. Over-exploitation effects are only of a local
character, but reinjection will have to become regional. Increase of thermal efficiency is a simple
technological solution to produce more energy with the same rate of water production and can be
achieved by installing at least three stages of cascade use, additional heat pumps and similar.
Increased intersectoral cooperation, open data on concessions and uses, and more educational
materials and social skills are also needed to foster faster geothermal development in future.
This work was part of the project DARLINGe that has received funding by the European Regional
Development Fund and by the Instrument for Pre-Accession Assistance II under Grant Agreement
No. DTP1-099-3.2, and within the Slovenian ARRS Programme P1-0020 Groundwaters and
Geochemistry. The IGGP project No. 689 and support of the Slovenian National Committee of
UNESCO is also appreciated.
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Abstract
Since ancient times the benefits of thermal water have been known and used to promote people's
health and well-being. The preservation of this resource is of prime importance for society. Thus, the
scientific knowledge of these thermal aquifers associated with laws that protect them from
anthropogenic contamination is of primary importance.
The present work had as main goal the delimitation of the perimeters of protection of the Caldas das
Murtas Mineral Aquifer (Amarante), as well as the understanding of the hydrogeological mechanism
that regulates the occurrence of alkaline sulfur water in this locality.
In order to obtain a conceptual model of the aquifer, multidisciplinary studies, namely geology,
geomorphology, tectonics, hydrodynamics and hydrochemistry, were carried out in order to obtain
work data. In addition, possible sources of anthropogenic contamination were inventoried. The data
were then worked through a GIS platform and several data treatments were performed with the
objective of better analyzing/interpreting the hydrogeological system that surrounds the Caldas das
Murtas thermal baths. A Binary Correspondence Factor Analysis (AFCB) study was also performed
to identify the main relational structures between the variables that emerge from the application of
this multivariate statistical analysis. It was also decided to elaborate a geostatistical study that
contemplated the variographic analysis and the subsequent construction of the respective contour
maps of the several hydrogeological variables. A study on the existing faults and fractures directions
was developed, involving unusual circular statistics methodologies.
Finally, the protection perimeter proposal was made in accordance with Portuguese law, but also
taking into account several criteria addressed throughout the work.
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Abstract
In Italy, the market related to mineral and thermal waters generated 4.3 billion euros in 2015,
equivalent to 0.26% of national GDP. In the same year, 784 concessions and 48 research
authorizations to exploit mineral and thermal waters have been granted. Despite the importance of
this business, the protection of mineral and thermal waters is an issue not always tackled with an
appropriate knowledge of the hydrogeological environment from which these resources originate.
Current legislation considers the mineral and thermal waters as mining resources, identifying a
concession area which is proposed by who performs the search for mineral and thermal waters.
Subsequently, when the concession for resource exploitation is granted by regional public bodies,
the protection of the mineral and thermal water catchment is defined by two safeguard areas: the
“sanitary-protection zone”, falling in the concession area and the “environmental protection zone”,
which should in theory include the recharge area. Land use rules and restrictions on the other
groundwater abstractions are applied to the safeguard areas. Nevertheless, clear methods for the
identification of safeguard areas are not specified in the current regional legislation, and in practice
the methods available for drinking water are often used. Italian regulations seem to be contradictory:
mineral and thermal waters are considered mineral resources and concession areas regarded as
“ore deposits”, but at the same time such waters are treated as ordinary groundwater, requiring
protective restrictions on the recharge area of springs and wells. Some representative cases of
springs and wells of mineral and thermal waters located in central and southern Italy, both in volcanic
and carbonate environments, have been examined. Available data concerning hydrostratigraphy,
structural setting, geochemistry of mineral and thermal waters were considered. It turns out that fresh
and cold waters, and mineralized and thermal waters must be considered as parts of an unitary
system which shares the same recharge area and often also the same discharge areas. Actually,
mineral and thermal waters can be considered as renewable resources related to differentiated
groundwater circuits, relatively longer and deeper, in the same hydrological system that feeds
groundwater used for other purposes (such as drinking water and irrigation). It follows that the
concept of concession area is of little relevance for the protection of mineral and thermal waters
during their exploitation. Furthermore, it seems to be more appropriate, for the definition of criteria
and boundaries of the safeguard areas, to consider the variability over time of some fundamental
hydrogeological and hydrogeochemical parameters of the mineral and thermal waters, such as
discharge, water level, water salinity and temperature, and their differences with those of the fresh
and cold waters related to the same hydrogeological system.
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Abstract
The paper presents the case study of a conceptual geothermal installations located in NW part of
Polish Lowlands - the Szczecin Trough. The installation is assumed to be located in the zone where
currently two geothermal heating plants have been operating for years (Stargard and Pyrzyce).
However, the geothermal potential connected mainly with Lower Jurassic aquifer is still not fully
utilized.
Based on a conceptual model located in area near Choszczno region, the geological structure of
Lower Jurassic aquifer and geothermal parameters distributions were described. Geothermal
reservoir consists of Plensbachian and Synemurian sandstones, characterized by porosity up to 20%
and permeability over 1700 mD. These parameters have significant influence on geothermal
potential. In this study the results of 3D dynamic modeling of geothermal doublet for different value
of geothermal water capacity were analyzed. According to the results of dynamic modeling, the
influence of capacity on the power of geothermal heating plant was presented. The share of fixed
costs generated by projected capital expenditure in the energy price is also estimated.
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Abstract
Natural mineral water in Changbai Mountains is famous for its characteristics, excellent quality (the
content of metasilicate in water is greater than 30 mg/L) and very good ecological environment. The
protection of natural mineral water is very important and urgent. The protection areas of natural
mineral water in the counties such as Jingyu, Fusong and Antu are determined on the basis of the
actual topography, geomorphology, hydrology, geology and hydrogeology, and the development of
natural mineral water in the study are is also presented. The water sources protection zone in Jingyu
County is 150.38 km2 in which there are 20 big springs with a total discharge greater than 10×10 4
m3/d. In Fusong county, the water source protection zone includes four subzones which are
Touchahe water source protection subzone with area of 5.63 km2 and discharge of 2242.94 m3/d,
Jianchanggou water source protection subzone with of 15.06 km2 and discharge of 1860 m3/d,
Maanshan water source protection subzone with of 200.36 km2 and discharge of 16778.91 m3/d,
Manjiang water source protection subzone with of 149.13 km2 and discharge of 53633.34 m3/d. In
Antu county, the big springs are distributed in Erdaobaihe Town, and the water source protection
zone is 205.08 km2 in which there are 25 big springs with discharge of more than 27.0×104 m3/d.
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Abstract
Héviz-lake in Hungary is one of the largest thermal karst springs in the world. From the Roman times
it's become a famous health spa and today it is one of the most famous health resort in Europe.
The Hévíz-lake is a large thermal karst spring, with a large underwater spring cave around 40 meters
below the surface. The large, 450 L/s discharge of the its special sulfuric type of water with 38ºC
temperature serves from centuries special health treatments for the public.
The recharge zone of this spring is at the Transdanubian Mountain Range. The water age of the
water at the Lake around 40 thousand year.
The recharged water at the karstic zones of the Triassic carbonate formation, flows under the
Tertiary, more than 3000 m deep sedimentary basin, collecting the heat there, and the low-density
thermal water is upwelling to the direction of Hévíz lake. It formed a special mixed, gravitational and
thermal convection system, and close to the surface there is mixing with colder groundwater with
different bicarbonate contents. This kind of mixing with its corrosion power produced large
underwater caves.
The Hévíz lake is just above a large, 14 m diameter-like spring cave, and the upwelling water had
broken through an alluvial peat deposit. The result is a special healing water and mud, established
one of the most famous health tourist sites in Europe.
Today one of the greatest challenges here is: how to combine of this nice natural ecological service
for health tourism with the help of modern spa engineering methods.
We will present in detail a good cooperation practical work between the responsible hydrogeologist
and the environmental engineer for the sustainable solutions at Hévíz lake.
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Abstract
The aquifer thermal energy storage (ATES) gains attention in several countries as helpful to increase
of energy efficiency of geothermal systems and use of waste heat. However, ATES aren’t common
system yet. The aim of the paper is to provide a hydrogeological and geochemical approach for the
new application of the ATES in case of the Cretaceous formation taking into consideration its specific
reservoir conditions.
The geological setting of the study refers to the Mogilno-Lodz Trough (Central Poland). Its Lower
Cretaceous reservoir is known as one of the most prospective for geothermal purposes and this
reservoir is considered to be a prospective storage formation. In the Mogilno-Lodz Trough the Lower
Cretaceous formations are located at the depths from 0 to even ca. 2500 m and their thickness is
from 0 to 600m The average temperature of ranges 20 to ~90 °C, porosity from ~10% to >30%, and
permeability from 50 to>1000 m, assuring good quality of the aquifer. The study concerned a fixed
wells doublet system which would be used in the area. The doublet consists of “cold” and “warm”
well, which switch to change the source during a heating/cooling season. That system includes heat
pumps and additional heat source (i. e. waste heat source or renewable heat source – e.g. solar
thermal) in most cases. The hydrogeological parameters for the study area are provided and
modeled with numerical methods to reveal their influence on efficiency of the storage system. The
groundwater flow and heat transfer simulation is done regarded the reservoir as well as water flow
parameters. The operation of ATES systems are associated with changes in the natural conditions
of the aquifer. Therefore, the influence of geochemistry and the saturation state of the water is
considered and discussed. While low temperature systems effects on mineral equilibria in minimal
way, the high temperature systems are associated with high mineralization and sometimes a specific
water composition which can impact the system significantly during its operation. Results of
simulation show differences according to hydrogeological parameters. The results are shown in long
term operation, typical for such systems. It allows to visualize e.g., a temperature and inspect the
cold and warm plume movement and condition. This study shows the potential for sustainable use
of ATES systems in the area, according to its hydrogeological and geochemical conditions and their
influence on the aquifer.
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Abstract
The study of the variation of temperature and discharge in springs is a good indicator of the resilience
of mountain aquifers to climate variability. Furthermore, this analysis, applied to natural mineral water
springs (NMWS), can provide a framework of the possible impact of climatic variability on the
availability and features of the exploited water resource.
This study concerns 28 NMWS located in the mountain area of the Piedmont Region (NW Italy),
between an altitude of 465 m a.s.l. and 2150 m a.s.l. From a geological point of view, the NMWS are
located in areas characterized by a fractured crystalline substrate covered by a quaternary superficial
deposits cover. Circulation generally occurs in the cover and subordinately in the upper part of the
fractured substrate. The studied NMWS are classified as "cold". Discharge and water temperature
at spring were analyzed in the period between January 2001 and December 2018 to evaluate the
annual behavior and possible trends. Precipitation and air temperature were also analyzed and
compared with the NMWS parameters. This study represents the first attempt to investigate in
Piedmont the variations of NMWS features as a function of climate variability.
The average monthly air temperature shows a positive trend almost everywhere (overall increase in
the monitored period between 0.35 °C and 1.79 °C). The springs water temperature shows a positive
trend for 10 springs (overall increase between 0.02 °C and 0.11 °C). A negative trend was evaluated
for 4 springs (overall decrease between -0.05 °C and -0.61 °C). Furthermore, 14 springs do not show
a statistically significant trend. The cumulated annual rainfall shows no statistically significant trend
in almost all the analyzed weather stations. Despite the substantial stability of the rainfall amount,
the springs discharge trend is positive for 8 springs (overall increase between 0.054 L/s and 1.80
L/s), and negative in 6 springs (overall decrease between 0.3 L/s and 2.4 L/s). Furthermore, 14
springs do not show a statistically significant trend. In the face of an increase in air temperatures of
up to 1.79 °C, groundwater showed a reduced temperature increase, not exceeding 0.11 °C. It
documents a good resilience of mountain aquifers to the air temperature change. Furthermore,
minimal variations of springs discharge were recorded in the face of substantial non-variability of
precipitation. The situations of decreasing discharge are not worrying in most cases. In only 3
springs, the decrease is higher than 15% of the average spring discharge. Some springs, instead,
show an increasing discharge, that could be the signal of a higher snow melting or the mobilization
of water trapped in the permanently frozen layer. It can indicate a variation in the feeding of the
NMWS connected to an increase of the air temperatures.
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Abstract
The volcanic system of Ischia is characterized by an intense hydrothermal activity, documented since
the early 16th century by the study of Iasolino (1588), which represents the first systematic analysis
of the thermal springs of the island for therapeutic purposes. Later studies partially contributed to the
enhancement of knowledge on the volcanic, hydrogeological and hydrothermal features of the island,
highlighting the strong interaction between hydrothermal flowpaths and volcano- tectonic processes.
The reconstruction of the interplay between hydrothermal and magmatic system becomes, therefore,
a fundamental element for territorial planning, not only in terms of management of the huge water
and geothermal resource, but also in a perspective of prevention and mitigation of volcanic risk.
Thermal springs, fumaroles and mud deposits give beginning clues about deep hydrothermal
conditions. Till now at Ischia, the local geochemical characterization of fluids and groundwater has
been used for the definition of the origin and structure of the hydrothermal system as a whole, as the
hydrogeological information is incomplete. However, volcanic hydrothermal systems, such as that
characterizes the island of Ischia, are particularly difficult to analyze and outline, as the groundwater
resources are the result of a complex and dynamic mixing among meteoric water, sea water and
deep fluids. In such cases, the need for an interdisciplinary approach is evident, involving knowledge
and research methods ranging from geology to volcanology, geophysics, geochemistry and
hydrogeology. With particular reference to the functional and structural representation of the
geothermal system of the Ischia island and the resulting correlations with the volcano-tectonic
processes, the examination of previous information highlights the need to update and improve the
knowledge on groundwater hydrodynamics and mineralization processes.
Therefore, the present study aims at a strongly interdisciplinary action that, starting from the design
and implementation of a database on the existing geological/volcanological and hydrogeological
information, will contribute to highlight the critical issues, define an operating scheme of the hydrogeo-thermal system of the island of Ischia, and upgrade its hydrogeological, geochemical and
volcanic monitoring system. The preliminary results improved the definition of the hydrogeological
complexes and advanced knowledge of the groundwater flow conditions.
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Abstract
In Poland geothermal energy is accumulated mostly in sedimentary complexes and partly with
crystalline rocks in four geothermal provinces: Polish Lowlands, Carpathians, Carpathians Foredeep
and Sudetes Region. In this paper one of the most favorable reservoir of Lower Jurassic aquifer
located in border of Szczecin-Mogilno-Łódź Trough, in Polish Lowlands, was described. The
geological, hydrogeological and thermal parameters, with currently stage of geothermal energy
utilization, were presented.
The possibilities of application the seismic methods, widely applied in oil and gas industry, for
geothermal purposes were also described. This kind of methods allowed to determination the
hydrogeothermal parameters of particular aquifer and also the geometry of geothermal water
horizon, especially thickness, but also its continuity and the characterization of local impermeable
zones.
Lower Jurassic aquifer show high lithologic variability, which results in local changes of
hydrogeothermal parameters. Such local variability can be effectively estimated utilizing seismic
structural and stratygraphic interpretation, modelling and well logs analyses. Authors show the
advantaged of the use of geophysical method on the example for local area located in SzczecinMogilno-Łódź Trough.
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Abstract
The assessment of aquifer vulnerability to pollutants is a fundamental tool to be known, especially if
the water resource is being exploited for drinking purposes. In areas characterized mainly by
agricultural land use, one of the more important elements to be considered is nitrate, which is mainly
linked to fertilizations.
Several methodologies for the estimation of the aquifer vulnerability are available in the scientific
literature. These methods are based on weights associated to the characteristics of the analyzed
soils and aquifers (e.g. groundwater depth, aquifer thickness, permeability) and to local recharge
conditions (according to thermo-pluviometric data). In peculiar hydrogeological settings, such as in
the Riardo Plain (southern Italy) where mineralized and CO2-saturated groundwater rises, the classic
approaches to vulnerability assessment are ineffective. In the western sector of the Riardo Plain, a
confined mineralized carbonate groundwater rises along tectonic discontinuities and vertically mixes
with low-mineralized volcanic shallow groundwater. These mixing processes lead to the formation of
Ferrarelle mineral water, which has also locally artesian conditions.
The methodology applied in this study is based on a large hydrogeological and geochemical dataset
acquired during different surveys in collaboration with Ferrarelle S.p.A. and it involves the calibration
of the method using the quantification of nitrates in groundwater and the indirect quantification
(PHREEQC computer code) of dissolved CO2. To assess the nitrate origin, an isotopic monitoring
was also conducted.
Two methods are then used for the validation of the results: the first one corresponds to the direct
correlation with the nitrate concentration data, the second one requires further statistical processing.
Indeed, by using chemical data and applying a factor analysis, the significant components that act
on the final chemical composition of the groundwater were identified. Among these, it is possible to
distinguish a component linked to surface contamination by nitrates and another linked to
mineralization processes due to the rise of deep mineralized and CO2-rich fluids. The isotopic
composition of dissolved nitrates confirms these findings. Nitrogen isotope values are rather constant
during the years, indicating an origin by mineralization of the natural soil organic matter. Oxygen
isotopes in dissolved nitrate are more variable annually, likely in relation to the relative contribution
of local recharge.
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Abstract
Ground waters represent a unique and precious resource, particularly for those people who are living
close to coastal areas and their protection and correct management are acquiring an increasing
importance. In fact, the vulnerability of groundwater to seawater intrusion is considered as the most
prevalent process and the most conspicuous phenomenon that may reduce water-quality and
threaten future water use. The ingression of seawater into the fresh aquifer is also expected to be
exacerbated with sea level rise under potential and predictable future climate change. Water
management strategies are thus playing an important role in water shortage alleviation. The aim of
this study, carried out in the framework of an Interreg Italy-Croatia “ASTERIS” European Regional
Development Fund, is to improve the understanding of spatial and temporal (based on future
downscaled climate scenarios) variations in seawater intrusion, to better handle possible risk
managements and to provide an adaptation plan, containing practical tools for a sustainable
management. The project has identified 3 specific objectives: i) improve/update the knowledge of
present and future salt ingression situations, ii) identify mapping needs and barriers in the
management of coastal fresh ground waters and iii) identify adequate policies for future sustainable
exploitation of vulnerable coastal aquifers. ASTERIS is thus aimed at improving the knowledge on
the quality of coastal groundwater systems, that is at the basis for maintaining coastal ecosystems.
The ASTERIS project has started at the beginning of 2019 and presently, several campaigns were
carried out in two selected case studies: Fano and Ravenna (central-eastern Italy), during which
piezometric measurements and physicochemical were acquired in situ. Geochemical analyses of
more 50 waters allowed to define the compositional features of the two groundwater systems,
suggesting that the Ravenna waters are already strongly affected by seawater whereas those from
Fano are not still apparently influenced by sea intrusion. Consequently, the underground waters of
Fano are to be regarded as a good proxy for evaluating and simulating potential processes of salinefresh water interactions. In this context, the preliminary results obtained by geochemical and
hydrological investigations to define the conceptual models for two coastal areas are presented in
order to: i) assess the risk of salt ingression in fresh water aquifers for the specific hydrogeological
conditions and ii) analyze the management and regulative framework to identify possible criticalities
or problems.
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Abstract
Alaşehir is an active province controlled by horst-graben system in Western Anatolia. It is one of the
most important geothermal areas for high enthalpy in Turkey. There a lot of geothermal electrical
plants in order to produce electricity. Ascending geothermal fluids have high concentration of ionic
rate through the detachment fault (Alaşehir Main Graben Fault) and result in some geothermal spa
on the surface. As a result of utilization of geothermal energy, there are high rate pumping and reinjecting geothermal fluids in boreholes, which reach reservoir rocks and the detachment fault.
During the pumping and re-injecting process, some wells lose their productivity and permeability
capacity because of scaling by precipitating high rate ion concentration due to losing pressure and
CO2. In order to take productivity back, acidic cleaning operation are done in some wells for
necessary situation. Thus, some scaling mineral dissolves by acidic reaction and permeability and
productivity rate increase in the wells. However, there are some mineral and natural springs used
for bottling and marketing. Chemical monitoring between June-2018 to April-2019 was performed on
22 mineral water samples It permitted to determine a contaminant plume. Electrical conductivity
values (μS/cm) are as maximum 1310, minimum 902, average 1065. Maximum-minimum-average
of ionic rates respectively, are for arsenic: 4.5-0.5-1 (ppb), for chloride:29-11-18 (ppm), for sodium:
125.5-44.6-77.5 (ppm), for boron: 8.4-1.3-4.8 (ppm), for bromine: 140-45-86 (ppb), for sulphate: 12684-100 (ppm), for silica: 29-22.4-25.3(ppm) and for phosporus:40-16-26 (ppb). Generally, for acid
cleaning operation in any geothermal wells approximately 40 tons acid are consumed. Contaminant
plume due to acidic cleaning operation in a well intersect the detachment fault which charge the
mineral and natural water spring. Well location is probably North-East of mineral water supply. During
the cleaning by high pumping rate, acidic plume ascends through to detachment fault and reach the
mineral water supply by advection, diffusion and dispersion. Dissolved ionic rate increased during
the observation period. The contaminant plume reached the spring on November-2019 and left on
February- 2019 and caused loss of quality in the mineral water.
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Abstract
North-western part of Croatia represents the southwestern margin of the Pannonian Basin System
(PBS), and it is characterized by high average geothermal gradient (49 °C/km) and surface heat flow
(76 mW/m2) and Bjelovar Subdepression is situated in this part of Croatia. It is a part of Drava
depression and extends towards Sava depretin, margined by mountains on the northwest Kalnik Mt.,
Bilogora Mt. on the northeast, Papuk, Ravna gora and Psunj Mts. on the east and southeast and on
the south is Moslavačka Mt. Geothermal springs occur at the east – southeast edge of the
subdepression. Thanks to intensive hydrocarbon explorations in 70ties, 80ties and 90ties, numerus
geothermal reservoirs were discovered. Two main types and four subtypes of geothermal reservoirs
were determined and delineated in the Bjelovar Subdepresion that presents different types of
porosity. First type includes basin reservoirs which are formed within siliciclastic formations and
divided in two subtypes: i) Upper Pannonian sediments – delta front and shelf delta plain formation
where water temperatures ranges from ‘’cold’’ until 30°C; ii) Lower Pannonian sediments – turbidity
formation where water temperatures ranges from 20 until 40°C. The water ranges from Ca-HCO3,
Na-HCO3 until Na-Cl and it contains high amount of dissolved organic matter, ammonium, iron and
hydrogen sulphide. The second and the most important type, includes reservoirs in basement
sediments which can be build up from i) fractured/karst carbonate sediments (dolomite – mainly
Triassic age and limestones – Triassic/Cretaceous age) and/or ii) fractured/fissured crystalline
metamorphic rocks of Paleozoic age. With these reservoirs are associate the Miocene sandstones
and carbonate sediments often overlying on Triassic carbonate sediments. Within these reservoirs
water temperatures ranges from 40 until 170°C. The water ranges from CaMg-HCO3 until Na-HCO3
and water from deep wells contains high amount of CO2. Now, only basement reservoirs are utilized.
Geothermal waters which have temperature from 45 until 50°C are used for balneological and
recreation purposes in the town Daruvar while water of 170°C in Velika Ciglena near the town
Bjelovar is used for electricity production. There are also plans for the town Križevci – district heating
of three schools, gymnasium with swimming pool and greenhouses as part of the agriculture
department of the High school and College of agriculture. During hydrocarbon exploration, several
locations had been found where basement reservoirs have temperatures higher than 70°C (Letičani,
Pavljani, Velika Trnovitica) but they need to be investigating in more details. Three counties
(Bjelovarsko-bilogorska, Koprivničko-križevačka and Zagrebačka) have territory in this
subdepression and in the area of these three counties, agricultural production and small and medium
enterprises are developed. So, in the future, utilization these geothermal aquifers would help to
ensure sustainable goods production and protection of environment (for example reduction of CO 2
emission).
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Abstract
Electromagnetic methods are most frequently used for prospection and recognition of geothermal
and mineral waters resources under Polish conditions. Those resources are predominantly
connected with sedimentary complexes in area of Polish Lowlands and Carpathian Region as well
as with crystalline rocks in Sudetes area. The use of those methods for recognition of geological
structure and of reservoir parameters distribution is presented in the work. The examples of
investigations of geothermal and mineral waters reservoirs in sedimentary complexes of Polish
Lowlands, Carpathians and Carpathian Foredeep and crystalline rocks of Sudetes area are used in
preparing of the paper. The results illustrate that resistivity distribution analysis can be effectively
used for supporting selection of areas optimal for locations of installations used for geothermal and
mineral waters exploitation. Those methods can be useful for determination of reservoir parameters.
Results of electromagnetic methods are rather auxiliary to seismic data interpretation inside
structures of Polish Lowlands and Carpathian Foredeep. Within the crystalline rocks of Sudetes area
and intensely tectonically deformed flysch Carpathian complexes electromagnetic methods are the
main tool of prospection. Different variants of magnetotelluric method are mainly used for geothermal
and mineral waters reservoirs recognizing. This method allows to recognize resistivity distribution in
geological medium. Geothermal and mineral reservoirs inside crystalline rocks are usually
connected with fractured tectonic zones conducting warm and mineralized water. Such zones appear
as low resistivity at the background of predominant, radically high resistivity rocks. The paper was
prepared in the framework of statutory research of Department of Fossil Fuels.
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Abstract
The mineral and thermal waters of the "Peñon de los Baños" have been used since pre-Hispanic
times for approximately 500 years and are recognized for their medicinal use for conditions such as
arthritis, gout, sciatica, asthma, bronchitis and dermatological problems. The waters of the "Peñon
de los Baños", have a temperature of 45°C on the surface, and are located in the Anahuac System
(known as the Basin of Mexico), where more than 21 million people live and the groundwater is
exploited intensely. This site is located within the Texcoco graben, in a structural bass, where the
volcanic and carbonate rocks are in contact through normal faults. In the past, these waters were
discharged through a spring, but nowadays they are extracted through 203 m deep well. The change
in the discharge and the lack of knowledge of the behavior of the groundwater flow system in this
area generate concern about the use and management of this resource. It is for this reason that is
essential to perform hydrogeological and geochemical characterization to understand the behavior
of groundwater in this site. The purpose of the study is to characterize the water of the "Peñon de
los Baños" within the concept of the components of the groundwater flow systems, identify the
possible origin of the recharge and estimate the age of the water. We take water samples to analyze
the main ions, trace elements and 13C and 14C. Graphs were made from hydrochemical data, and
Eichinger's age correction model was applied with the 13C and 14C data. The main results show that
the water of the "Peñon de los Baños" is rich in bicarbonates and chlorides; as well as in trace
elements such as boron and a smaller proportion of lithium, manganese, and iron, the corrected age
was estimated at 15400 years. Water from this site was identified as part of a regional component,
which infiltrated in the recharge zones located in the upper reaches of the basin, circulating slowly
in depth and being affected by a normal geothermal gradient. The contact with carbonated rocks
explains the predominance of this element; due to the long flowpath and the increase in temperature,
the water-rock interaction produced waters rich in Cl and enriched in the before mentioned trace
elements. We estimate that the faults present in the Texcoco graben are preferential conduits where
waters quickly rise, maintaining the heat generated by the earth's geothermal gradient.
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Abstract
Bottled water holds the biggest share in the European non-alcoholic beverage market with an annual
volume sold in excess of 55 billion L. This means an average yearly per capita consumption slightly
above 100 L, or an average daily consumption around 30 cl a day. The European legislation
recognises three categories of bottled water: natural mineral waters, spring waters and ‘bottled
drinking waters’, also called ‘tafelwasser’, ‘agua preparada’ or ‘eau rendue potable par traitement’
depending on the country where it is marketed. Contrary to other continents where processed waters
are the norm, the overwhelming majority of packaged waters sold in Europe is natural mineral waters
(82% of the market), or ‘spring waters’ (16%); i.e. waters which, by law must come from a designated
underground origin and may not be disinfected nor chemically treated. Natural mineral waters must
be originally pure, microbiologically wholesome at source and boast a stable mineral composition,
as indicated on their label. These obligations of purity at source and prohibition of chemical
treatments means natural mineral waters are ‘BIO’ or ‘organic’ by nature, even though EU organic
legislation does not apply to them (as they are not agricultural products). The prohibition of corrective
measures (no disinfection) and the original purity requirements command strict environment
protection around the sources as well as stringent hygienic practices from catchment to consumer
(see EFBW’s Code of Hygienic Practices for Packaged Waters). Source protection is usually
organized through public private partnerships between producers, farmers, local collectivities and
residents (https://water-protect.eu/) which benefit not only underground water resources but also the
environment generally and biodiversity. Sustainability is the heart of the business, as alongside
environment protection, producers also need to abstract sustainably in order to secure the availability
of the water resources for future generation. It is worth noting that the total amount used by the
bottled water industry is really marginal; it is estimated that bottled water producers use less than
0,02 of total available water resources.
Over the years, sustainable stewardship has also been applied to packaging, with the sector playing
a leadership role in the setting up and financing of so called ‘green dot schemes’ for the collection of
their bottles and cans, and switching from PVC to PET (polyethylene terephthalate), a quality,
lightweight and highly recyclable material. Today, PET achieves the highest collection and recycling
rate of all plastics. All bottle water might look the same but natural mineral waters offer an amazing
diversity of tastes and mineral composition: TDS may be as low as 22 mg/L and as high as 7000
mg/L depending on the geology they originate from. They can also be still or naturally carbonated.
There is a natural mineral water to suit everyone!
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The qualities and naturalness of natural mineral and spring waters, and their role towards healthy
hydration and the fight of obesity and diabetes, has led to a steady increase in their consumption
over the last decades. However, since the EU legislation for natural mineral waters was adopted
almost 40 years ago, some challenges have appeared which the industry has had to address. The
first challenge is connected to requirement of original purity (absence of contamination) at source.
The ever-decreasing detection levels of laboratories together with growing human pressure on the
environment, made ‘absolute zero’ pollution no longer achievable. In 2018, after sustained advocacy
efforts, EFBW obtained the first EU harmonized ‘indications’ for operators and controlling authorities
as to trace levels of contaminants which, if found at source, would be compliant with the concept of
purity. The question is now open whether the list of selected parameters by the EU should not be
extended, and, if so, which additional substances should be included. Ongoing discussions in the
context of the Recast of the EU Drinking Water Directive are worth looking at in that context. Another
recent issue affecting the industry is that of microplastics, a topic much covered by the media, which
often suggest that bottled water would be an important source of microplastics. As highlighted by the
WHO in its 2019 Report on Microplastics in Drinking Water’, microplastics are ubiquitous in the
environment, studies are often unreliable and there is a need for more research before drawing
conclusions. EFBW has decided to take the matter in its hands and work towards developing an
analytical protocol and methodology for the analysis of microplastics in clean water. Ultimately, a
harmonized analytical standard should put an end to emotional, unsupported claims targeting bottled
water. Another concern for the industry is its perception as a polluting sector because of its use of
PET plastic for packaging. Indeed, decades of poor waste management practices in some EU
countries, and mostly in Asia, and extensive terrestrial and marine plastic litter, have led to demonize,
not only plastic as a material, but also the bottled water industry as a major user. This in turn is
leading to calls for bottled water bans and promotion of other packaging alternatives. This all the
more disappointing that the PET plastic used by the industry is fully recyclable and has a high market
value. Not to mention PET’s low footprint versus other packaging materials. EFBW and its members
want to play a leading role towards eco-design, higher packaging collection, sorting and recycling;
they want to give their bottle a second life! Achieving full circularity for beverage packaging will
require joint efforts and EFBW is ready to be a driving force and be a leader as it has been in the
field of source protection! Dramatic improvements in some European countries show that circularity
can be achieved.
European natural mineral waters are an important part of Europe’s cultural heritage and have
become a trademark of premium European produce around the world. Natural mineral waters are
consumers’ first choice of bottled water: an indication of consumers’ quest for quality, naturalness
and a link to a defined ‘terroir’. However, littering and poor waste management have led to a war on
plastics, with the attention currently focused on the challenges around the packaging whilst the
essential role played by the sector towards health, source protection and communities is overlooked.
Today the sector is determined to continue to play a leadership role towards a sustainable future,
ensuring the circularity of its packaging whilst also educating on the credentials of its unique natural
products.
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Abstract
In 2017, the global annual production of bottled water was 1011 L, corresponding to $ 200 billion
market with 9% annual growth meaning that global average per capita consumption was 13 L.
Consumption of bottled water is constantly increasing, and the causes of such increase are several;
from population growth, intense advertising, to a general awareness of drinking water quality. The
increasing consumption of bottled water also creates various contradictions, ranging from strict
opposition to stimulating consumption.
Europe has a long tradition of bottled water consumption. This is mainly related to the use of natural
waters for the purposes of healing and well-being. Water bottling and its sales reports go back to the
16th century. A comparison of everyday bottled water practices shows that different traditions have
been established in Europe. In Central European tradition is related mainly to highly mineralized
waters while the tradition of filling in Western Europe is mainly related to low mineralized waters.
Nevertheless, over time, changes in the perception of bottled water can be observed. Some
European countries legally regulated use and filling of bottled water as early as the end of the 19 th
century. The definitive and wide regulation of bottled waters, in particular natural mineral waters, was
established within the European Union by “Directive on the approximation of the laws of the Member
States relating to the exploitation and marketing of natural mineral waters” from year 1980.
Subsequently, this Directive was further amended several times.
The development of bottled water legislation can be interesting in itself. At the same time, an analysis
of this legislation over time allows us to understand how the understanding and perception of bottled
water has evolved and changed. The article analyses the historical changes in the regulation of
bottled waters that were in force in the past in the territory of the present Republic of Slovenia. In
this regard, Slovenia is specific in terms of its geographical position and historical development, as
legal regimes have changed in the past, and thus also the regulation of bottled waters. In Slovenia,
the understanding of bottled water is related to the Central European tradition, where the waters with
higher mineralization were bottled up, but at the same time we can observe how the regulation of
bottled waters has changed in accordance with the current consumption trends in the wider
European area. Last of such change is related to Slovenia's accession to the European Union and
thus to the adoption of its legislation.
Analysis in the paper is not only relevant for Slovenia, but also from the point of view of the whole of
Central Europe, since the trends of consumption of bottled water in the past were similar.
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Abstract
The rare earth elements (REEs) have not historically been considered as contaminants, but
nowadays they are classified as "emerging contaminants". They are commonly derived from
municipal, agricultural, and industrial wastewater sources and they have the potential to enter
different environmental compartments. The release of REEs to natural waters has likely occurred for
some time in the past, but it has not been recognized until the new detection methods were
developed.
With the worldwide increase in REEs applications, monitoring studies and evaluation of REEs
background levels may have impact on legislative activity and policy making regarding legal limits in
drinking waters. At present, legal limits for REEs do not exist. Because precise quantification of
REEs in natural waters is still very challenging, limited information about their content in mineral
waters exist. Analysis of the bottled mineral waters is of great importance due to their growing
consumption all over the world and development of new suitable analytical tools able to detect trace
amounts of these contaminants is needed.
The aim of this presentation is to demonstrate an analytical procedure suitable for determination of
concentrations of fifteen rare earth elements (REEs) in the mineral water samples. The elements
(La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu and Y) at the ultra-trace level were measured
by inductively coupled plasma mass spectrometry (ICP-MS) after off-line analytes pre-concentration
and matrix separation. The element pre- treatment was carried out by commercially available
automated system seaFAST-pico, which is a low-pressure ion chromatography technique, based on
solid phase extraction principles. Efficient elimination of complex chemical matrix and 10-fold preconcentration of REEs enabled their accurate and precise quantification at ng/L level. The potential
of the proposed analytical procedure was demonstrated by analysis of selected mineral waters
(bottled and “original raw” groundwaters). The utility of this method was also confirmed by analysis
of trace metals in a few available water reference materials: SLRS-5 (river water), CASS-6, NASS7 (seawaters), and SLEW-3 (estuarine water) from National Research Council, Canada (NRCC),
and SERMIN1 and VIDAC18 (groundwater samples from interlaboratory comparison “REE
challenge”, ref. Geostandards and Geoanalytical Research 32(2):181-191, 2008).
The research project was funded by the National Science Centre Poland, grant no. UMO2015/17/B/ST10/03295.
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Abstract
From 2013 to 2018 the consumption of packaged waters in Europe has increased about 15%, while
for other types of beverages the volume growth remains stagnant. The large majority of packaged
waters in Europe fall into the category of natural mineral waters, where they play an important local
cultural and development role. The very concept of natural mineral water, a product tapped directly
from the nature and bottled with very restricted treatments, attracts the interest of other fast
developing geographies, where natural mineral waters are perceived as naturally healthy products
coming from pristine and evocative environments. Natural mineral waters are part of the water cycle,
and as they are bottled as they spring from the source with only minimum treatments that must be
authorized by the competent authority, protection of the catchment area and strong precautions and
monitoring during the filling process are of high importance to protect the final product from
contamination. Risk analysis is key thereof, together with comprehensive analysis of vulnerability of
the sources and good water management plans to ensure sustainability of the resource.
WHO in its fourth edition of the drinking water guidelines, 1st addendum, recognizes nationally
certified bottled water or mineral water as acceptable sources of consumption for people with
weakened immune systems, pregnant women and infants to reduce risk of infection from water
contaminated with Cryptosporidium. From a regulatory point of view, in Europe the quality criteria of
Mineral and Spring Waters, and permitted treatments are regulated by Commission Directives
2009_54 EC, 2003_40 EC and 98/83 EC.
International Standards exist also for Mineral Waters (Codex STAN 108, 1981), and other Packaged
waters (Codex STAN 227, 2001). Codes of practice for the bottling of water describing good
manufacturing practices are available; Codex CAC/RCP 33-1985 related to mineral waters, and
CAC/RCP 48-2001 related to packaged waters describe good hygienic practices for collecting and
bottling of these waters.
Other geographies have also developed locally codes of practice for the filling of natural mineral
waters; European regulations are a source of inspirations for these geographies.
In Europe the European Federation of Bottled Waters developed the Guide to Good Hygienic
Practices for Packaged Water to help industries to achieve the highest quality and hygienic
standards during bottling. Analysis in the paper is not only relevant for Slovenia, but also from the
point of view of the whole of Central Europe, since the trends of consumption of bottled water in the
past were similar.
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Abstract
Waters with high pH only are called alkaline waters. Still, if a water has a high pH it does not
necessarily mean it has also a high alkalinity. In this paper, we analyzed the correlation between
different elements of the chemical composition of more than 1500 European bottled waters published
in Geochemistry of European Bottled Water (2010), more than 100 bottled waters on Romanian
market and more than 100 worldwide bottled waters listed on finewaters.com. Results show that
there is no linear correlation between pH and alkalinity. Also, while pH is not linearly correlated to
any of the main water chemistry compounds, on oligomineral still waters there is a strong positive
correlation between alkalinity and TDS and between alkalinity and Na content. As Perla Moldovei is
also a natural alkaline oligomineral still water with TDS of 333 mg/l it proves to be an exceptional
combination of high pH and high alkalinity.
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Abstract
Sartorius Stedim Biotech has several decades of experience in the water market, for which a range
of specific products - adapted to the prefiltration and microbiological control of water have been
developed. Sartorius manufacturing sites of filter cartridges are certified ISO 9001:2015.
In our presentation two topics will be covered:
1)
Improvement of water quality with the prefiltration step to capture particles and colloidal
2)
Reduction of the microbiological risk during water storage in the tank
The filtration with polymeric media filters is one of the main technologies to retain organic and
inorganic colloidal in spring waters. For this application, Sartorius developed a new polypropylene
media filter (Sartopure® PP3) that combines the highest total throughput with the most effective
particle retention. The innovative staging of the polypropylene fleeces allows a more effective
fractionated filtration. The Sartopure® PP3 filter is a combination of three overlapping layers. Each
layer is used to its fullest to push the total throughput performance and particle retention abilities to
new limits. Sartorius can offer a wide range of ratings, from 50 to 0,45 microns. For waters with a
low to medium concentration of particles and/or colloidal, the cartridges installed in multi-round
housing could be the right choice. The sizing of the system will depend on the target flow rate.
Instead, for waters with a high concentration of particles and/or colloidal, the Jumbo technology with
Polypropylene filter media could guarantee a long service life of the filter: a compact, completely
sanitized and regenerable system. Therefore, this system could be a new alternative to sand filters
and cross-flow units.
The microbiological contamination risk of water during the pumping step from the storage tank to the
bottling line could be reduced with a venting filter for the tank.
Sartorius developed the Sartopure® GA media 0,2 microns, a combination of glass fibers and
polypropylene. The excellent retention and therefore the superior protection for the stored product
has been proven by the bacterial challenge tests performed under worst- case conditions. The
Sartopure® GA media filter retains 106 Bacillus subtilis var. niger and offers an outstanding flow rate
at low differential pressure.
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Abstract
Bulgaria is naturally divided into Northern and Southern parts by the Balkan Mountains. Three types
of mineral water reservoirs are located in the country – stratified (Northern Bulgaria), fractured and
mixed (Southern Bulgaria). Generally, Bulgaria is relatively rich in mineral water of temperature in
the range of 25ºC-100ºC and the total flow-rate is about 3,000 L/s. There are more than 170 mineral
water fields: 102 of them are state-owned and the rest of them – belong to some municipalities. The
total dissolved solids (TDS) vary between 0.1 g/L and 1.0 g/L for most of the reservoirs in Southern
Bulgaria, while in Northern Bulgaria it is significantly higher – the maximum is up to 150 g/L. Most of
the natural mineral water sources (springs) are located in Southern Bulgaria while the sources in
Northern Bulgaria are found by drilling. The chemical composition of the mineral waters has
predetermined most of the bottling plants to be built in the southern part of the country. Until 1990,
their number was insignificant - only in three water sources among Gorna Banya, Hisar and
Mihalkovo fields. Over the last 30 years, the use of bottled mineral waters was increasingly becoming
popular and now more than 40 bottling plants are currently in operation. This activity is regulated by
the Law on Concessions.
The main goal of this paper is to study the link between geology and mineral water chemistry in order
to identify unused sources that are suitable for bottling.
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Abstract
As plastic production continues to rise to unprecedented heights, microplastics (MPs) have become
a well-known contaminant across a variety of solid and liquid matrices as well as the surrounding
atmosphere. MPs are being considered polymeric particles measuring between 1 µm and 5 mm in
their longest dimension. With novel studies published frequently, the media interest and therefore,
public reception has been increasing over the past ten years. This mostly feeds of the inherent
concern regarding the negative influence on human health as MPs can act as carriers of toxic
substances. Essential drinking water, but also bottled mineral waters are amongst the most
consumed goods in Europe and hence, it is of utmost importance to emphasize the abundance of
MPs within these matrices.
For drinking water, MPs can originate from contaminated runoff or surface water, while for the bottled
product, the origin is considered to be packaging or washing plants. Currently, there are two viable
options to detect and quantify MP particles: mass-based and particle-based analysis.
The mass-based approach includes thermoanalytical methods such as pyrolysis-gaschromatography (py-GC-MS). These thermoanalytical methods supply the mass percentage of MP
in a matrix but requires a comparably high number of MP particles (> 1 µg) for quantifiable results.
Spectroscopic methods such as Raman micro spectroscopy (µRaman) and Fourier-TransformInfrared Spectroscopy (FT-IR) are particle-based. They offer additional information including particle
size distribution including pigments and polymers and the detection limit is lower than for thermoanalytical methods. For clean water matrices, the analytic workflow concluding in particle
identification with µRaman is straightforward. Samples are collected on a suitable filter surface
(silicon, gold) and particles captured via light microscopy. Here, µRaman excels other chemometric
methods since entities down to 1 µm in diameter (FT-IR: min. 10 µm), which is the predominant size
class, can be identified. This equates to particles with a mass of 0.5 pg. The acquired spectra are
analysed via database crosschecking. Using µRaman, not only MPs can be identified, but also
pigments that are being emitted from paper labels or as an additive in MPs. This accumulative aspect
elevates µRaman over mass-based methods as such detailed information is not accessible.
From a legislation standpoint, there are no restriction for the MP content within drinking or mineral
water. However, in December of 2020, the council of the European Union (EU) released Directive
2020/2184 (“Directive on the quality of drinking water”) placing MP on a watchlist and stating that a
suitable analytical method should be included as late as January 2024. As of now, the MP community
is engaged in publishing suggestions for best laboratory practice, which are being discussed briefly.
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Abstract
Thermal medicine is one of the oldest forms of western therapy and, in that respect, should be
considered as a traditional medicine (according to the definition of the World Health Organization).
Based on the above, the “Thermae” as an integrated set of natural resources, facilities, and services,
can be seen as a meeting point among different forms of medical culture to offer prevention, therapy
wellness medicine, a new multidisciplinary branch of medicine, finds in the spa an ideal place for its
application wellness medicine, a new multidisciplinary branch of medicine, finds in the spa an ideal
place for its application microclimate) in many chronic pathologies are complementary and
sequential to pharmacological treatment . A correct application of thermal treatments, choosing the
times and methods of application, allows an improvement in the state of health and a reduction in
the consumption of drugs.
In recent times, thanks to the progress of medical research, it has been shown and confirmed that
the effectiveness thermal treatments have a solid scientific basis.
Moreover, modern thermal medicine opens up to new important indications. In fact, besides the
classic indications concerning rheumatic, cutaneous, respiratory, venous, digestive and urinary
pathologies, recent studies have shown a specific action on individual well-being. This thanks to the
possibility that the treatments have in modulating the secretion of important neurormones such as
encephalins, serotonin and beta endorphin this thanks to the ability that the treatments have in
modulating the secretion of important neurormones such as encephalins, serotonin and beta
endorphin.
Wellness medicine, a new multidisciplinary branch of medicine, finds in the Thermae an ideal place
for its application. For these reason the thermal institute are a privileged place for psycho-physical
recovery, in relation with the modern definition of health of the WHO which defines health not only
as the absence of disease but as the achievement of psycho-physical well-being.
One of the tasks of FEMTEC and EAPTC is precisely to spread the culture for a new type of
thermalism where the tradition is very important but it’s crucial to focus on innovation to respond to
a fast-changing society. For this purpose, it is not only necessary the commitment of the doctors
(scientific research and quality control) but a real alliance of all the subjects who work in the sector
from public administrators to thermal companies.
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Abstract
Therapeutic muds are prepared mixing clayey materials ("virgin clay" or recycled mud) with thermal
waters in maturation ponds. In the ETD autochthonous extremophile microorganisms form thin
bioglea at the top of the mud volume in the maturation ponds. The virgin clay is exploiting from a
unique small lake by approximately one hundred therapeutic centers. This is a rather exceptional
case in the world, suitable for assessing how procedures inspired by scientific basis can improve the
quality of spa products. To evaluate the characteristics of therapeutic muds the content of chlorophyll
a was measured along 2 years in 29 therapeutic centers (and in the lake, more than 650 samples).
The mineralogy and geochemistry of virgin clays and therapeutic mud was also studied.
All the samples were dried, treated with N,N-dimethylformamide and the extracts analyzed by UVVis spectrophotometer to determine chlorophyll a and its derivatives (CaDs). One sample was kept
at room temperature in the dark to check the variation of CaDs without photosynthetic activity. The
Rietveld method was used for minerals quantification by X-ray diffraction and the geochemical
analyses were done by X-ray fluorescence (fused disks). The content of CaDs is distinctive for virgin
clays (high contents) and therapeutic muds. For most centers a peculiar concentration of CaDs, its
time variability trend and the dispersion around the trend line were identified. The sample in the dark
shows a decrease of CaDs, with a trend similar to some thermal centers. The mineralogical and
geochemical composition are more homogeneous, with few exceptions. An unexpected positive
correlation was found between CaDs (previously considered as evidence of microbial activity) and
some minerals: kaolinite, illite and pyrite. The similar decrease trend of CaDs in therapeutic muds
and without photosynthetic activity indicates that CaDs are not reliable indicators of the biological
activity in the ponds, but can be considered as the resultant of: 1) degradation of chlorophyll a from
the lake and 2) production of chlorophyll a by microorganisms during maturation. The frequency of
mud shuffling in the ponds, the bioglea growth and the proportion of virgin clay and recycled mud
can be key factors in sustaining the CaDs content of therapeutic muds over time. An additional
feature arises from CaDs-mineral relationships: during therapies some clay component remains
attached to the skin and is lost during the shower. The repetition of such process due to mud
recycling makes the older mud depleted of clay minerals, but also depleted in CaDs for the
spontaneous degradation of chlorophyll a. Although chlorophyll a can be a reliable indicator of the
biological activity in laboratory, the CaDs content of therapeutic muds is rather the witness of the
lacustrine environment and a monitor of the maturation-recycling procedure used in the thermal
centers.
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Abstract
The goal of the study was to evaluate the therapeutic effect of Värska mud and Värska mineral water
baths on the overuse pain and muscle tension syndromes in the working age population.
Värska Spa uses special baths which mix the mud from Värska Bay and local mineral water. The
temperature of the baths is 41–43 °C and the temperature of a mineral water bath is 37–39 °C.
Värska-6 is very salty mineral water (21 g/L), taken from the depth of 595–600 m, from layers that
are 600 billion years old. Värska-6 contains Cu, Zn, Sr, Mn, Br, Li, and Se. The mud in Värska Bay
is very minerogenic – on average 59.6%. The content of the organic matter is 38.7% and the
carbonate content is 1.7%.
The study took place in Värska Spa 01.10.2018–31.03.2019. The participants were 64 persons,
aged 18–65, with muscle overuse pain score of 2–5/10 on the Visual Analogue Scale. All participants
completed the Nordic questionnaire of musculoskeletal pain. Muscle tension was measured with
myotonometry in the lying position on the left and right m.erector spinae and m.trapezius before the
treatment, after five days of treatment and three weeks after the end of the last treatment procedure.
32 persons received mineral water bath procedures and 32 mud and mineral water procedures for
two weeks.
Muscle pain was reported most often in the neck, elbows and lower back regions and the therapeutic
effect was also the best in these mentioned regions. There was no difference between the two
procedures in the effect on the pain. The effect on the pain score was better in the subgroup of the
people under 40 years of age and body mass index below 25.
Muscle tension measured with myotonometry showed that frequency and decrement decreased in
both groups, but stiffness decreased only in the mineral water group, because the mud group had
lower stiffness even before the treatment.
In conclusion, mud from Värska Bay and Värska mineral water baths had a good therapeutic effect
on muscle pain and tension and could be used as prevention of work-related overuse pain
syndromes in working age population.
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Abstract
Volcanic thermal waters on the Island of Ischia in the Gulf of Naples have been used for healing
since the first inhabitants of the island, the Greeks, settled here in the 8th c. B.C. Ischia is a 46 km2
volcanic island near Naples in an area called the Campi Flegrei. Throughout its history, its waters
have been renowned for their ability to ameliorate ailments such as rheumatism, arthritis,
osteoporosis, sciatica, respiratory illnesses, allergies, skin conditions and even fertility. Archeologists
have discovered shrines erected around the springs dedicated to not only Aphrodite, the goddess of
beauty and love, but to Apollo, a god associated with health and healing. Although long attributed to
divine machinations, Ischia's pharmacological bounty is due to its volcanic history and ongoing
seismic activity. Emanating from underground reservoirs fed by rainwater, its waters are warmed by
heat sources located deep within the Earth, transformed into steam which rises to the surface, and
enriched along their rise by the minerals contained in the soil. As a result, the waters gushing from
hundreds of springs are alkaline or acidic and contain varying amounts of calcium, magnesium,
hydrogen carbonate, sodium, sulfur, iodine, chlorine, iron, potassium and microelements of other
substances, including radon. It is the disparate chemical composition of the sediments through which
the steam and thermal waters flow that dictates the chemical composition of the spring and its
attendant healing properties. Ischia's water is rich in noble elements and mineral salts: sodium, one
of the basic elements for the vital activity of living beings, potassium, essential for muscle dynamics,
sulfur, essential for joint elasticity and calcium, which has a sedative action on the nervous system.
When Marie Curie came to Ischia in 1918 with fellow scientists to study the thermal springs, she
determined that the waters bore various components of radium, radon, thorium, uranium, and
actinium. The most important therapeutic element is radon, a gas dissolved in the water originating
from an alpha particle emanated by an atom of radium. The radioactivity is so low that a sheet of
paper is enough to stop it, and it has a short half-life so it isn't able to bio-accumulate. Ongoing
research in the field of medical geology is proving that the thermal waters and muds of Ischia are
indeed efficacious for a variety of medical conditions and doctors are testing therapies and dosages
to determine the best protocol to treat diverse ailments. Slowly, the results of international research
are making their way into medical journals so that remedies the ancients used are being
rediscovered and are helping to alleviate illness in modern society.
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Abstract
The purpose of this study was to investigate the meaning of thermal water healing practices in the
ancient Greek world.
The base of this research was the philosophical method. Descriptive design enriched with historical
and archaeological sources were being used to enlighten some aspects of hydrotherapy, likewise its
religious and scientific frame. To conclude advisory philosophy was used. Since antiquity,
hydrotherapy has stimulated the interest of many civilizations from East (Sumerians, Hittite,
Egyptians) to West (Greeks, Proto-Germanic tribes). Specifically in Greece, it had various
applications according to mythological and linguistic sources. In Minoan times healers were called
Paeans, a title of a priest, and in the Hellenistic period were called Asclepiads. The cult of Paian and
Asclepius was strongly connected with physical and moral catharsis correlated to tree cults on caves.
Cretan lustral basins and Mycenaean balneum simulated the healing environment of sacred caves,
where water may be used as a kind of passageway into the “netherworld” for foreshadowing the
future. Furthermore, thermal water practices were discriminated into two categories: dynamic
exercise (γυμνάσια) and light exercise-graded immersion (ἀποθεραπεὶα). To this point, it is
necessary to clarify that ἀποθεραπεὶα had a dual meaning; it was both the last part of training and
also a different kind of non-intensive exercise. In some cases, the exercise was used either as the
only therapeutic intervention or as a good way to preserve wellness. Both of them were characterized
by a certain duration, intensity and rest period given by Galen on De Sanita and Philostratus on
Gymnasticus. Their thermal effects during water immersion, especially in medicinal springs
(Hierapolis, Cutiliae, Baiae etc.), were already observed on activities such as swimming (νὴξις),
stream and steam bathing (λουτρὰ) in combination with manual therapy (Stavrakakis, 2016).
Swimming was a good way to exercise whole the body, as in the example of the wrestler Tisandros.
In addition, open water swimming was suggested also for cure prevention and swimming in thermal
or medicinal springs was appropriate for rehabilitation in many pathological conditions like digestion
(cold water) and neurological problems (warm water). These hydrotherapeutic practices were a
crucial element for ancient Greek rituals. The present study enlightens the variety of thermal water
healing practices in ancient Greece, both as a cathartic activity of the human being inextricably linked
to his religious traditions, as well as part of a daily habit crucial to his health and wellbeing.
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Abstract
Peloids are 3-component systems: solid phase (normally clay), liquid phase (normally thermal
mineral water), and gas phase (normally H2S, CO2, radon). Peloids are usually classified, either as
natural peloids and peloids s.s. (sensu strictu), in terms of origin and maturation, or as medical
peloids and cosmetic peloids, in terms of application. Being topically applied peloids should be
sanitary safe both microbiologically and chemically, safety difficult to achieve and control in natural
peloids and peloids s.s. Designed and engineered peloids are peloids that can provide exemption of
both pathogens and toxic metals. The authors have developed a designed peloid in which
composition the size fraction less than 45µm of the A-130 Portuguese commercial kaolin exempt of
potentially toxic metals previously sterilized was mixed with medicinal thermal water (sodium
bicarbonate sulfurous, 68ºC at the emergence, pH 8.5) of the Portuguese São Pedro do Sul spa, in
a 50/50 weight proportion. Similar composition, using the size fraction less than 10µm of the
aforesaid kaolin, was also developed to produce an ointment able to be used for healing ski n wounds
common for instance i n feet and legs of diabetic people.
Dozens of scientific recent articles can be found in the literature describing and investigating the
mechanisms of action of the so-called killer clays which can be a possible new answer to fight the
so-called “superbug” infections. Clay is one of the oldest earth materials used for healing purposes
that continues to be applied in modern life to treat various topical and internal ailments. Clay
bactericidal character only exists if clay is in the hydrated state and contains bactericidal agents like
reduced metals. Reduced Fe2+ within other metal species (e.g., of Ag and Zn) whenever existing or
added to clay/water pastes might turn them bacteriostatic and bactericidal. In clays Fe2+ and Fe3+
are common structural constituents of clay minerals. In the very white kaolin A-130 kaolin used in
our assays Fe is an almost trace constituent that just occurs as Fe3+. Therefore, the required Fe2+
for the studied compositions came from the 1% solution of the synthetic salt FeSO4 added to the
paste of kaolin/thermal mineral water afterwards duly homogenized. The bactericidal activity was
tested in three bacteria strains: Pseudomonas aeruginosa 67p; Staphylococcus aureus ATCC 6538;
Escherichia coli ATCC 25922. Naturally the healing assets of the studied products require clinical
evaluation.
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Abstract
Since remote time mineral thermal water has been considered a medicine, its healing effects on
respiratory, muscular-skeletal, gastrointestinal and dermatological ailments being worldwide wellacknowledge. Prescription of treatments requiring both internal and external use of mineral medical
water is, as a rule, under the guidance and supervision of physicians specialized in Medical
Hydrology. The application of this unique resource in Thermal spas is legally regulated being
compulsory its periodic geochemical and microbiological control. Mineral thermal water is a
fundamental and major component of peloids which are also prescribed and supervised by
specialists in Medical Hydrology. In the authors experience peloids mechanisms of action, both
chemical and biological, are effectively dependent on the interaction liquid phase/human skin, what
justifies the sanitary safety of mineral thermal water, and of the whole peloid too. However,
throughout preparation, storage and topical application of peloids there is not an effective chemical
and microbiological control (of pathogenic microorganisms in particular) properly regulated. It would
be rather important to have specific and uniform European legislation in what concerns the use of
peloids for therapeutics and cosmetics purposes, the certification of peloids being an urgent
challenge. In what concerns the liquid phase the traditional autoclave sterilization method is highly
efficient, but not so much in terms of chemical integrity. However, high pressure methods maintain
chemical integrity, but are not so efficient in terms of pasteurization. A combined methodology for
eradicating pathogenic microorganisms while maintaining unchanged liquid phase is herein
described and evaluated. One designed and engineered peloid was prepared by blending A-130
commercial kaolin with natural mineral thermal water from São Pedro do Sul thermal spa, and with
sterilized distilled water that being microbiologically safe served as a standard throughout our
investigation. The solid phase, previously refined and mineralogically and chemically analyzed, was
sterilized by heating up to 105 °C/12 h and 200 °C/30 min. With regard to the liquid phase, the
distilled water was sterilized using an autoclave, at 121 ºC for 20 min. The mixture of the solid with
the liquid phases was prepared in aseptic conditions using a laminar flow cabinet, and afterwards
was pasteurized in a high pressure processing unit (Hiperbaric, Burgos, Spain, model 55 L) at 600
MPa/18 ºC for 15 min. The microbiological analyses were carried out before and after the applied
methods, the guidelines of the “Scientific Committee on Consumer Safety (SCCS) for the testing of
cosmetic substances and their safety evaluation, 8th revision, Nº SCCS/1501/12”, being followed.
The combined methodology being adopted, based on the sterilization of the solid phase followed by
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the pasteurization of the prepared pastes, one containing São Pedro do Sul water, the other sterile
distilled water, was found out to be very effective and microbiologically stable.
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Abstract
The Caucasian mineral water (CMW) region is one of the oldest and unique spa area of Russian
Federation, known by therapeutic mineral springs. Study area is located in the southern part of the
Stavropol region (Russian Federation), near the northern branches of Greater Caucasus. Essentuki
mineral groundwater basin is characterized by unique and complex geological and hydrogeological
conditions due to monoclinal character of the geological structure, breaking by north-eastern faults,
significant stratum of clays, overlaying major aquifers, volcanic laccolite-peaks. Therefore, Essentuki
mineral water basin is characterized by a wide variety of types of mineral water. At the same time,
the most interesting are carbon dioxide bicarbonate-chloride sodium waters, which are known as
«Essentuki 4» and «Essentuki 17», widespread in upper Cretaceous and Paleogene sediments.
They have long been used in balneology, as well as for bottling and as therapeutic-table water. Due
to the high therapeutic properties of these carbon dioxide waters, Essentuki resort quickly became
widely known in Russia and a water of similar composition, found in other places, became known as
the waters of «Essentuki» type. This work considers the features of hydrogeological structure,
hydrogeochemical conditions of formation and the main balneological components of the mineral
waters of the Essentuki region. The Essentuki mineral groundwater area involves the unique wide
variety of mineral waters having different TDS, pH, chemical, and gas composition. TDS changes
from fresh (0.5-0.9 g/L) to high-salinity (10-13 g/L) and strongly depends on the chemical
composition of water. According to the main anion, the chemical type of groundwater varies from
HCO3 to Cl- HCO3 or SO4-HCO3. Based on gas content, the mineral groundwater within the
Essentuki basin could be still water or high-pCO2 sparkling water, sometimes H2S rich.
The main therapeutic properties of these waters are due to the high concentration of soda, which is
about 60 %. Such mineral waters are used for external and internal use, having a wide range of
therapeutic parameters. The presence of organic matter in mineral healing waters is of significant
interest for balneology. The nature of organic substances in the waters of Essentuki area varies from
bituminous-humus with a clear predominance of bituminous substances (resins, acid bitumen,
petroleum hydrocarbons) in the waters of bedrock to humus-bituminous in the waters of Quaternary
deposits. Mineral waters of Essentuki area in some cases are characterized by high content of
fluorine, iodine, bromine, boric acid. At the same time, the waters of Essentuki area are poor in
radioelements.
The mineral groundwaters of the Essentuki spa are unique in their healing properties and therapeutic
effects on the human body. They are used for drinking, bathing and inhalation.

110

Caserta, Italy

June 26 – 30, 2022

T4_009

THE LOSS OF S(-II) ON A THERMAL WATER
Vasconcelos A.1, Góis J.1,2, Santos R.1, Silva D.1
1
2

Faculty of Engineering - University of Porto, R. Dr. Roberto Frias, 4200-465 Porto, Portugal
Centre for Natural Resources and the Environment-FEUP, R. Dr. Roberto Frias, 4200-465 Porto, Portugal

Keywords: S(-II) thermal waters – Discontinuities - Hydrogeological model - Multivariate statistics

Abstract
Since immemorial times, the so-called "thermal" waters are a focus of curiosity and interest by
populations in the areas where they emerge, being long used for therapeutic purposes. The H2Srich waters, with a rare occurrence in the world, are relatively abundant in Portugal and be found in
the Hesperian Massif, mainly associated with Variscides granites.
The main purpose of this study was to investigate the cause(s) of the loss of S(-II) of these waters
observed in one of the existing groundwater wells in Termas da Fonte Santa, county of Almeida,
region of Guarda.
It was carried out a hydrochemistry characterization of the thermal waters, in particular, the alkaline
sulfur ones, in which the waters of the well under analysis (FS2) was inserted. Also, a geologicalstructural analysis was performed to understand the hydraulic characteristics of the area.
A multiplicity of statistical treatments were conducted to investigate the problem of the loss of S(-II)
at the FS2 well. It was given emphasis to the application of the Principal Component Analysis (PCA),
as a data processing method which seeks a multidimensional understanding of the studied
phenomenon, being analyzed the relation of all hydrochemical variables in the behavior of the
considered hydrogeological system.
Statistical methods were also used in the treatment of structural field data to define families of
discontinuities and to characterize their geological attitude statistically in order to verify the existence
or non - existence of a preferential direction of the discontinuities.
With this study, it was possible to recognize the vital importance of such relevant aspects as the
efficient isolation of the wells, the consideration of the fracturing state of the surrounding massifs and
the occurrence of meteoric water mixing with thermal waters, influencing the entire local
hydrogeological system.
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Abstract
The Medical literature demonstrates the involvement of oxidative stress in several diseases. For
example, scientific studies have shown the correlation between oxidative stress and some diseases
of gastrointestinal and metabolic relevance such as diabetes mellitus, gastric cancer, gastritis etc..
It's been shown that SPA (Salus Per Aquam) therapy with sulphurous mineral waters was associated
to an antioxidant effect. On the basis of these considerations, we investigated data of literature to
highlight the role of natural spa mineral waters on oxidative stress. The analysis conducted suggest
for example, that combination the drinking sulphurous SPA treatment with hypoglycaemic drug
therapy may be useful in type 2 diabetes mellitus, a chronic disease with a high social and economic
impact, for the improvement in the redox state of the organism induced. The importance of the SPA
therapy can be observed in the treatment of dermatologic affections such as plaque psoriasis, the
most common clinical form of psoriasis. Literature data have shown the importance of oxidative
stress in the induction of psoriasis by increased production of free radicals and/or decreased function
of the endogenous antioxidant defenses. Several studies show a possible antioxidant effect of spa
mineral waters, in particular sulphurous. Therefore, sulphurous ones spa therapy can play an
important role in the treatment strategies for plaque psoriasis of mild to moderate degree. In
conclusion medical literature data suggest that SPA THERAPY (which uses natural substances with
limited adverse events, good local and systemic tolerability, effectiveness with improvement of
quality of life, and antioxidant effect) may be considered as an alternative or adjunctive therapy in
several chronic diseases.
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Abstract
Thermal caves represent an environment characterized by unique chemical-physical properties,
such as the high concentration of mineral salts and dissolved gases, peculiar temperatures and pH.
Although they are often used by customers for treatment and care of musculoskeletal, respiratory
and skin diseases, the physical and microbiological characteristics of these environments are poorly
investigated. Furthermore, the recent pandemic caused by COVID-19 has highlighted the need to
investigate the potential transmission scenario of SARS-CoV-2 virus in indoor environments where
an in-depth analysis of the aerosol concentrations and dimensional distributions are essential in
order to monitor the spread of the virus. This research work was carried out inside a natural cave
located in Viterbo (Italy) where a waterfall of sulfur-sulfate-bicarbonate-alkaline earth mineral thermal
water creates a warm-humid environment with 100% humidity and 48°C temperature. A
characterization of the aerosol and bioaerosol was carried out with the aim of estimating personal
exposure to aerosol concentrations in terms of number, surface area and mass, as well as particle
size distributions, to evaluate the distribution inside the cave of these concentrations and to give an
indication of the levels of the native microbial load. Aerosol characterization was performed by
means of an Optical Particle Sizer spectrometer, while microbial load was estimated by active and
passive samplings, followed by culture-dependent and -independent (q-PCR) methods.
Subsequently, these data were used as input parameter in a mathematical model able to calculate
the risk of SARS-CoV-2 infection. The data obtained showed a predominance of particles with a
diameter greater than 7-8 µm, associated with a low ability of penetration in the human respiratory
system. A low microbial load, albeit with high biodiversity, carried by the aerosol was also observed,
with a prevalence of non-cultivable strains generated by aerosolization of the thermal waters.Finally,
the estimation of SARS-CoV-2 infection risk by means of mathematical modelling revealed a low risk
of transmission, with a decisive effect given by the mechanical ventilation system, which, together
with the adoption of social distancing measures such as non-simultaneous access to the cave by
several people, makes the risk of infection extremely low. To conclude, this study allowed both to
characterize more in depth the aerosol and bioaerosol in an atypical and poorly studied environment
such as a thermal cave, and also to estimate a low risk of virus transmission in the event of
pandemics.Next steps will be devoted to: computational fluid dynamics simulations of the motion
fields and spatial distribution of the aerosol inside the cave; biodiversity analyses of the whole
microbial community based on next‐generation sequencing; persistence of mesophilic strains and of
a SARS-CoV-2 surrogate bacteriophage under the environmental conditions of the cave.
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Abstract:
The Greek historian Lycus of Rheghium recorded an extraordinary thermal paradox in the Sicilian
ritual Palici lake, where bathers expressed a warm sensation after immersion in cold sulfurous –
carbonated waters. It is well established that CO2 rich water bath has a strong physiological effect
on cardiovascular and thermoregulatory systems. However, little attention has been given on how
such waters modify thermal perception in the sense of well-being.
The purpose of this study was to investigate the behavioral thermoregulatory responses during CO2
water immersion in a variety of water temperatures.
The base of this research was the scoping review method. A standard literary search was performed
on PubMed, Google Scholar, and SCOPUS. The inclusion criteria for clinical trials akin to behavioral
thermoregulatory measurements were, at least, healthy individuals and carbonated water. The
words “Water Immersion” “Thermosensing/physiology,” were used either as solely searched terms
and MeSH terms (Medical Subject Headings) or in combination with the text words “thermal
perception,” thermal sensation,” and “subjective sensation”.
Six published articles fulfill the review inclusion/exclusion criteria (three measured partial immersion
and three measured whole-body immersion). The literature findings showed that CO2 water modified
thermal sensation after an acute whole-body immersion expressed by a “slightly warm” feeling at
35°C, and a “slightly cool” feeling at 30°C, while a cooler sensation was felt when exposed in tap
water at the same temperature. However, thermal sensation did not differ during partial immersion
(forearm or leg) with tap condition at 25°C contrary to colder water temperatures at 18-20°C, in which
a warmer sensation was reported in CO2 water, also, in post-immersion phase.
Carbonated immersion (CO2) enables, probably, TRPA1 ion channel in a dose and time-dependent
manner, causing local dilation in endothelial cells and meninges even after water immersion, as a
result a prolonged elevation of cerebral blood flow. The warmer sensation observed may be
explained by the different autonomic function in CO2 water immersion and the quality of heat signal
from the periphery to central nervous system, produced by the synergistic function of TRPA1 with
other TRP ion channels.
This scoping review suggests that CO2 water immersion induces an increase in cutaneous skin blood
flow enabling a warmer and more comfortable thermal feeling. However, further investigations are
needed due to limited experimental works.
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