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Abstract Knowing water quality at larger scales and
related ground and surface water interactions
impacted by land use and climate is essential to our
future protection and restoration investments. Popu-
lation growth has driven humankind into the Anthro-
pocene where continuous water quality degradation is
a global phenomenon as shown by extensive recalci-
trant chemical contamination, increased eutrophica-
tion, hazardous algal blooms, and faecal
contamination connected with microbial hazards
antibiotic resistance. In this framework, climate
change and related extreme events indeed exacerbate
the negative trend in water quality. Notwithstanding
the increasing concern in climate change and water
security, research linking climate change and
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groundwater quality remain early. Additional research
is required to improve our knowledge of climate and
groundwater interactions and integrated groundwater
management. Long-term monitoring of groundwater,
surface water, vegetation, and land-use patterns must
be supported and fortified to quantify baseline prop-
erties. Concerning the ways climate change affects
water quality, limited literature data are available.
This study investigates the link between climate
change and groundwater quality aquifers by examin-
ing case studies of regional carbonate aquifers located
in Central Italy. This study also highlights the need for
strategic groundwater management policy and plan-
ning to decrease groundwater quality due to aquifer
resource shortages and climate change factors. In this
scenario, the role of the Society of Environmental
Geochemistry is to work together within and across
geochemical environments linked with the health of
plants, animals, and humans to respond to multiple
challenges and opportunities made by global warming.

Keywords Groundwater - Hydrogeochemistry -
Trace elements - Climate change - Central Italy

Introduction
A survey of global climate changes since 1700 has

recognised that over the centuries, twenty climatic
events covering continental-scale temperature dips,
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hydroclimatic anomalies, stratospheric perturbations
and global atmospheric composition changes have
occurred, hitting millions of people in many ways
(Bronnimann, 2015; Easterbrook, 2016).

The global surface temperature has grown by
0.74 °C during the past 100 years (1906 ~ 2005),
according to the International Panel for Climate
Change (IPCC) report (Bronnimann, 2015). Hence,
global warming is currently an indisputable fact. The
ordinary rate of warming over the last 50 years
(0.13 £ 0.03 °C per decade) is nearly double the
increase observed during the previous 100 years
(Trenberth et al., 2007). A large number of climate
changes have been observed on both global and local
scales, including long-term changes in the surface
temperature, precipitation, wind patterns, radiation,
and other extreme weather events, such as droughts,
floods, and heatwaves (Joehnk et al., 2008; Jones et al.,
2010; Trenberth et al., 2007).

By 2020, models forecast that global surface
temperature will be more than 0.5 °C warmer than
the 19862005 average (NOAA, 2020).

It is often said “water is life”, but it would be better
to say “water quality is health”. Water quantity and
quality (in terms of access and management) are
related to the global health-preserving sustainable
network, including vegetation, animals, and humans.
Knowing water quality at larger scales and related
ground and surface water interactions impacted by
land use and climate is essential to our future
protection and restoration investments (UNESCO,
UN-Water, 2020). In the last 60 years, we have seen
significant acceleration of population growth (in
people and animals), land-use change, fertilizer load,
and water withdrawals. This increase has driven us
into the Anthropocene, where continuous water qual-
ity degradation is a global phenomenon as shown by
extensive recalcitrant chemical contamination,
increased eutrophication, hazardous algal blooms,
and faecal contamination connected with microbial
hazards antibiotic resistance. In this framework,
climate change and related extreme events indeed
contribute to exacerbating the negative trend in water
quality.

In addition, climate change is a factor that influ-
ences more than just water quantity. Notwithstanding
progress in water resource evaluation and protection,
research on the impact of climate change on water
quality occurred only recently. Integrated into the
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global change concept, land use evolution, deforesta-
tion, urban growth, and area waterproofing may also
increase water quality degradation (Barbieri et al.,
2019; Xia et al., 2015).

Extreme weather events, including typhoons,
storms, and temperature jumps mainly result in water
events such as floods and droughts, which may further
affect water quantity (Forbes et al., 2011; Green et al.,
2011; Lasagna et al., 2020; Rodell et al., 2009; Tate
et al., 2004).

For the ways climate change affects water quality,
restricted literature data are available. Papers studied
changes in water quality induced by climate change,
and the ways climate changes affect water quality and
thus put forward corresponding countermeasures are
reported in Table 1.

Groundwater, the vast water reserve below Earth’s
surface (Taylor et al., 2013), is a vital resource for
humans and ecosystems. More than one-third of the
water used arises from underground (Famiglietti,
2014). Globally, about two billion people use ground-
water for drinking purposes (Cui et al., 2020; Huan
et al., 2018). However, global groundwater resources
can be threatened by anthropogenic activities and the
lesser-known consequences of climate change (Green
et al., 2007). Dissolved trace elements in groundwater
are mainly derived from chemical weathering and
anthropogenic input (Ayari et al., 2021; Devic et al.,
2014; Huang et al., 2014; Li et al., 2019).

Indeed, not much is known about the response of
groundwater to climate change and how this process is
affecting the present availability and the future
sustainability of groundwater resources (Andrei
et al., 2021; Green et al., 2007).

Evaluating the impact, as mentioned earlier, is
imperative because groundwater is resilient to drought
and performs a crucial role in regions where climate
change is limiting renewable surface water resources
(Fiorillo et al., 2015).

Climate change will intensify anthropogenic pres-
sures by interfering with the frequency and regime of
the aquifer recharge due to the change in land use, soil
characteristics and rainfall (Ricolfi et al., 2020).

Furthermore, the potential decrease in aquifer
recharge rates induced by climate change could affect
aquifers’ recharge/discharge balance. In this context,
it is helpful to deepen the knowledge of the water
balance on a regional scale to better manage the
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Table 1 Papers reports changes in water quality under climate change

Studies

References

Impact of climatic variability on the availability and features of
natural mineral water springs used for bottled water

Impacts of droughts on water quality

Changes in water quality caused by climate change and the ways
climate changes affect water quality and thus put forward
corresponding countermeasures

Impact of climate change on human health (influence of heavy
metals on soil, which helps predict the risk of their presence in
foods)

The effects of climate change on Chinese Medicinal Yam (CMY)

Bastiancich et al. (2021)

Caruso (2002), Evans et al. (2005), Ducharne et al. (2007),
Monteith et al. (2007), Hejzlar et al. (2003), Van Vliet et al.
(2008), Lasagna et al. (2020)

Barbieri et al. (2019), Xia et al. (2015), Chen et al. (2020), Fu
et al. (2020), Lu et al. (2020), Fei et al. (2020)

Liu et al. (2020)

Fan et al. (2020)

groundwater resource both from a qualitative and a
quantitative point of view.

In this framework, groundwater is rarely adequately
included within the Integrated Water Resource Man-
agement (Baba et. al., 2011).

Carbonate rocks are present on all continents, and
karst regions are our planet’s most diverse hydroge-
ological environments (Goldscheider et al., 2020).

The largest total surface area is found on Asia’s
largest continent, where carbonate rocks are present,
corresponding to 18.6% of Asia’s land surface (Gold-
scheider et al., 2020). However, the highest percentage
of karst is current in Europe (mainly in the Mediter-
ranean region), with a total area of 21.8% (Goldschei-
der et al., 2020).

China and Russia have the most extensive and
nearly identical absolute karst surface areas in terms of
surface area and population (Goldscheider et al.,
2020).

In addition to climate change, population growth is
a significant challenge for water resources manage-
ment in karst regions. Therefore, the relations between
karst and population highlights that about 17% of the
global population lives in karst areas (Goldscheider
et al., 2020).

In some areas, like in the Mediterranean region, the
climate change impact seems to be severe, hindering
our ability to manage available water resources
(Howard, 2011). In fact, few studies have examined
the potential impacts of climate change on groundwa-
ter resources in a region where meteorological

conditions and sea and lake levels are expected to
change at unprecedented rates in modern times. The
climate of the Mediterranean Sea is, indeed, highly
sensitive to atmospheric changes, particularly the
North Atlantic Oscillation (NAO). The NAO and
global climate change pose a serious threat to water
resources (Howard, 2011; Palutikof & Holt, 2004).

The medium temperatures in the Mediterranean
region have already risen by 1.4 °C since the pre-
industrial era, indicating a warming of 0.4 °C higher
than the global average. It has outcomes on various
levels, such as rising sea levels (6 mm in 20 years) and
increasingly extreme meteorological phenomena and
drought (Cramer et al., 2018). Moreover, a notable de-
crease in precipitation, especially in the warm season,
was observed in the southern Mediterranean areas
(Brunetti et al., 2006; Giorgi et al., 2008).

To verify the hypothesis of significant changes in
groundwater chemistry in the Mediterranean region
due to climate variability, we select a fractured
regional aquifer in Central Italy affected by significant
anthropic impacts with a hydrogeological basin
reaching high elevation.

This paper performed a preliminary step showing
the changes in dissolved ions over time (2004—2020)
in three main springs on the eastern side of the Sibillini
aquifer in Central Italy.

The time series of springs and meteorological
parameters from 2004 to 2020 are studied to evaluate
annual behaviour. Moreover, trend and cross-
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correlation analyses are used to assess whether
climatic variability impacts spring water quality and
discharge.

The chemical associations and time trends observed
in this small dataset are only provided as an example
of how initial observations can be used to build the
hypothesis to be tested in the future.

Thus, this study represents the first regional-scale
investigation in the Central Italy of the groundwater
feature variation in mountain aquifers due to climate
variability. Moreover, researching possible trends in
quality and quantity could provide helpful information
for the owners and stakeholders and the whole
community.

For all these reasons, the study of the role of climate
change on the recharge of aquifers is relevant for
ensuring the proper management of water resources
(Fiorillo et al., 2015). In addition, a detailed evaluation
of the possible effects of climate change on ground-
water quality and related health effects is vital.
Undoubtedly, various studies have reported that water
pollution has developed in the last decades. Conse-
quently, water-related diseases impact the health of
many citizens, mainly in developing countries, and
climate change may impact water chemistry and sea-
level rise so that salinization may be affected, which
influences the depletion of freshwater and river
environments. The related health effects varying from
a significant cause of cardiovascular diseases, hyper-
tension, methemoglobinemia in infants, skeletal and
dental fluorosis, laxative effects for sulfate at high
levels (Ahmed et al., 2000).

Nevertheless, the scenario analysis only gives us
the scales of the impacts and the relationships between
climate change, society and human health still need to
be investigated. To respond to multiple challenges and
opportunities made by global warming, the Society of
Environmental Geochemistry and Health (SEGH)
needs to stress a more systematic recognition of the
domestic facts of societal impacts of climate change.
In addition, research on the mechanism and points of
climate change still needs to be strengthened; addi-
tional attention is required to research and develop
climate change adaptation technology.

The role of the SEGH is to work together within and
across geochemical environments linked with the
health of plants, animals, and humans.

@ Springer

Hydrogeological selection of monitoring sites

To verify the hypothesis of significant changes in
groundwater chemistry due to climate variability, the
selection of relevant sites is a preliminary fundamental
step. The aquifers and the related springs directly
affected by changes in recharge have been selected on
the basis of the following conditions:

e Groundwater resources affected by significant
anthropic impacts, in terms of withdrawals and of
potential pollution, are not indicated for our
research. In fact, natural conditions of water
table and spring discharge can easily evidence
shortage due to external climate inputs. At the
same time, groundwater quality characteristics can
be investigated where their changes are not due to
human pollution inputs. For the same reasons,
coastal aquifers, where ion content would be
affected by marine intrusion, are not useful for
our scope. Consequently, groundwater resources in
protected and/or pristine areas have to be selected.

e Secondly, aquifers that respond quickly to climate
inputs can highlight, in a limited time (months to
few years), variations in the dissolved ion content
due to their direct dependence on recharges. For
this reason, fractured aquifers, specially fractured,
and karstified carbonate aquifers would be selected
for monitoring water quality changes.

e Where the groundwater is characterised by fast
flow and, generally, by fracture network flow,
responses to recharge reduction would be easy to
identify. At the same time, the calcium-bicarbon-
ate nature of the rock is reflected in groundwater
ion content, offering the possibility to look into a
limited number of qualitative parameters.

e Finally, hydrogeological basins reaching high
elevation, where snow covers may be present for
some months each year, offer the additional
possibility to verify how the recharge process is
affected by snow cover reduction, which is a
primary consequence of temperature increases.
The reduction of snow cover is the undoubtedly
one of the first effects of climate changes recorded
all around the world.

Taking these characteristics into account, we
selected the large carbonate fractured (and locally
karstified) aquifers of Central Apennines for a pre-
liminary evaluation of the impact of climate change on
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groundwater quality. These aquifers are significantly
fed by snow cover and snowmelt, which consistently
occurs during spring, and are frequently located in
mountain protected areas and National Parks. A
specific example can be seen in case described below
regarding the Sibillini Mts. Aquifer (Fig. 1a). Aquifers
and springs considered in this study are partially
collected for drinking purposes from CIIP SpA
(Consorzio Idrico Integrato Piceno). The aqueduct
serves approximately 400.000 citizens in an area of
about 1900 km? in Central Italy.

The Meso-Cenozoic sequence constituting the
regional aquifer (Boni et al., 2010; Pierantoni et al.,
2013) was affected by a compressive tectonic phase
from Upper Miocene to Lower Pliocene and, after-
wards, by extensional tectonics starting from the Early
Pliocene (Boni et al., 2010; Brozzetti et al., 2019;
Porreca et al., 2018). The hydrogeological setting
(Mastrorillo et al., 2010; Mastrorillo et al., 2020)
includes three main aquifers corresponding to the
carbonate formations, namely the Basal Aquifer, the
Maiolica and the Scaglia aquifers.

Capodacqua (S1), Pescara (S2), and Foce (S3) are
the main springs on the eastern side of the Sibillini
aquifer, located close to the overthrust front (Fig. 1a).

All three springs have calcium-bicarbonate equi-
librium with a low mineralization. Only spring S3, that
directly emerges from the Basal Aquifer within a wide
hydrogeological basin, shows a slight enrichment in
sulphates (Nanni et al., 2020). The water flow of
springs S1 and S2 occurred in the epiphreatic portion
of the aquifer, characterized by fissure and karst, and
showed rapid travel time. Recent tracer tests prove that
the two springs are draining fissured areas associated
with normal faults having Apennine direction (Broz-
zetti et al., 2019; Nanni et al., 2020). As shown by
literature data, the stability of the chemical-physical
parameters during the hydrological year indicates that
the feeding aquifer is large and has high volumes of
stored groundwater. Furthermore, the low electrical
conductivity and temperature can be associated with
the thermometric values of the aquifer recharge
waters, which are largely due to the snow melting
(Nanni et al., 2020).

Material and methods

The chemical-physical parameters and major ions
(from 2004 to 2020), trace elements concentration
(from 2019 to 2020), and discharge values (from 2010,
2004 and 2014 to 2020 for S1, S2, and S3, respec-
tively) of selected the springs were provided by CIIP
spa (https://www.ciip.it/). The rainfall and snow data
from 2004 to 2020 are available on the Civil Protection
Department  website  (http://app.protezionecivile.
marche.it) and refer to the “Monte Prata” rain gaug-
ing station (see location in Fig. 1a).

Major cation (Ca, Mg, Na, K) and anions (Cl, SOy,
NOs, F) were analyzed by ion chromatography. The
selected trace elements Sr and Ba were analyzed by
inductively coupled plasma mass spectrometry (ICP-
MS method 3125; Baird 2017). The QA/QC of the
analytical methods was checked according to Baird
2017 (method 3125). For the pluviometric data, the
QA/QC was according to the World Meteorological
Organization.

Total dissolved solids (TDS) and hardness (mg/l as
CaCQO;3) were calculated from electrical conductivity
and Ca + Mg concentration, respectively, according
to Baird et al. (2017). Geochemical parameters
(saturation indexes, total carbon) were calculated by
PHREEQCI, version 3 (Parkhurst & Appelo, 2013).
All chemical data are listed in Table S1 in the
electronic supplementary material (ESM).

Results and discussion

The evolutionary trends of climatic characteristics and
their impacts on chemical characteristics were studied
through the comparison of historical time series of
rainfall, snow data, discharge, and chemical content of
selected springs (Fig. 1b). In addition, the chemical
ratio of some major ions (e.g. Ca/Na and Mg/Na molar
ratio) was reported to constrain the potential involved
in the hydrodynamic process. The analysis of the trace
elements has been carried out to understand better the
possible consequences of a further decrease in
recharge rates and potential implications for climate
change studies.

Figure 1b shows the chemical time series of Ca,
Mg, Cl, and SO, concentrations with respect to
rainfall, snow, and discharge from 2004 to 2020.
Bearing in mind the fact that the period under
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«Fig. 1 a Study area; b Time series of major elements
concentration (mg/L) of the Capodacqua (S1), Pescara (S2)
and Foce (S3), and springs from 2004 to 2020 and rainfall data
(mm) of the “Monte Prata” rain gauging station (see location in
Fig. 1) from 1990 to 2020; ¢ Mixing diagrams using molar
ratios, obtained from Gaillardet et al. (1999)

consideration is long, the concentrations of ions do not
show relevant variations through the 16 years of
monitoring.

Rainfall variability causes changes in groundwater
recharge that can influence groundwater quality by
different processes. The statistical analysis on calcium
concentration series at spring S3 has allowed us to
detect a harmonic trend similar to that of rainfall
amount (Fig. S1 in the electronic supplementary
material, ESM).

However, it is noteworthy that some ions show
particular trends and spikes. Indeed, in the SO4
concentrations, a progressive increase of about five
mg/l from 2007 to 2020 for S1 and S2 is evident.
However, spring S3 shows an increase in SO4 content
from 2007 to 2016 and an abrupt decrease. This is
probably due to the 2016-2017 Amatrice—Norcia
seismic sequence caused by a change in the hydrody-
namic flow (Mastrorillo et al., 2019). These increases
(from 2007 to 2016-2020), characterized by a good
coefficient of correlation, R, reflect decrease trends
identified in the snowfall, which is the primary
recharge factor of the springs (Fig. 1b). Furthermore,
the available discharge values show similar snowfall
values and SO4 concentration trends, especially for
spring S2, where a more extensive historical series is
available (2004-2020). The discharge values of S1 are
consistent with snowfall data, showing two different
decreasing trends also reflected in the SO4 concentra-
tions. However, the S3 spring discharge values
(2014-2020) are steady from 2014 to 2017 and
decrease later, coupled with a sharp decrease in SO4
concentration.

Combining major ion concentrations in the mixing
diagrams (e.g. Gaillardet et al., 1999), it is possible to
observe some characteristic trends (Fig. 1c¢). The S1
and S2 springs have well-defined, detailed trends with
different slopes, remaining in the same range of Ca/Na
(Molar) values but differing in C/Na and Mg/Na
values (Fig. 1c). The peak value of this latter ratio

corresponds to that of Mt Sibillini (ARPAM, 2001;
Chiodini et al., 2013) (Fig. 1c). Conversely, the shift
towards the lowest values of both Mg/Na and Ca/Na
ratios seems in agreement with the importance of the
streambed springs (reworked data from ARPAM,
2001). Therefore, while the higher values of the ratios
are reached during drought periods, the lower values
of the ratios correspond with rainy periods since these
values are similar to those of runoff waters. Such an
effect was also confirmed during 1998—-1999 when the
S2 spring showed a switch from lowest to highest
values of the above-described ratios (reworked data
from Cambi et al., 2003) as a response to significantly
different rainfall amounts in these years.

In addition, the analysis of trace elements concen-
trations performed in 2019-2020 highlights the rela-
tionship between some ion concentrations (Sr and Ba)
and the hydrogeological recharge/discharge cycle
(Fig. S2 in the electronic supplementary material,
ESM).

The concentration of barium (Ba) in groundwater
derives from barite (BaSO4) solubility. Barite is
unstable in reducing environments due to the reduc-
tion of sulphate. Therefore, the principal controlling
factor of barium in groundwater is the SO4 concen-
trations. Barite precipitation from the aqueous solution
improves the Sr/Ba ratio in the residual solution
(Hanor, 2000). In the study area, the predominant
sources of strontium are Triassic formations (e.g.
dolomite and evaporite formation). The relationship
between strontium and barium in groundwater is
controlled by the dissolution of sulphate salts contain-
ing strontium and barite precipitation. This explains
why strontium in groundwater can usually be con-
nected to fluids rich in SO4 and Ca and characterized
by high Sr/Ba ratios (Hanor, 2000). Thus, the Sr/Ba
ratio variation could be symptomatic of changes in
deep SO4-rich fluid contribution derived from the
deepest portion of the aquifer.

Indeed, in Northern Apennines, cold to hot Na-Cl
and Ca-SO4 waters interacting with evaporites of the
Burano Formation (Late Triassic) showed a mean Sr/
Ba weight ratio of 336 + 210 (N = 45; Boschetti
et al., 2005; Boschetti et al., 2017; Capecchiacci et al.,
2015; unpublished data). The lower value outliers (Sr/
Ba < 100) are mainly related to waters mixed with
Ca-HCO3 and freshwaters interacting with Mesozoic
limestones (Sr/Ba < 10).
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In the proposed case study, the increases of the Sr/
Ba ratio (Fig. S2 in the electronic supplementary
material, ESM) are potentially related to the recharge
periods that induce changes in the pressure field of the
aquifer. Therefore, we argue that a more extended time
series of trace elements would highlight the temporal
increase of the Sr/Ba ratio in line with the SO4 trend
caused by a progressive deepening of flow paths.

Hence, climate changes could cause variation in the
hydrodynamic condition, and consequently, ground-
water chemical content. These changes in groundwa-
ter chemistry can refer to major ions and some metals
and metalloids affecting water quality, with the main
consequence being the hardness of the water. The
main natural sources of water hardness are polyvalent
metallic ions dissolved by sedimentary rocks, infiltra-
tions, and runoffs from soils. Ca and Mg, which are the
two principal ions, are essential minerals and benefi-
cial to human health in several respects. Inadequate
intake of both nutrients can cause adverse health
consequences (WHO, 2010).

Hard water, particularly significantly hard water,
could provide an essential supplementary contribution
to total Ca and Mg intake (Galan et al., 2002). The
health impacts of hard water are mainly due to the salts
dissolved, resulting primarily in Ca and Mg. Gener-
ally, people are protected from excess intakes of Ca by
the intestinal absorption mechanism (Galan et al.,
2002). However, calcium can interact with Fe, Zn, and
Mg within the intestine, decreasing the absorption of
these minerals (Galan et al., 2002). Nevertheless, the
primary cause of hypermagnesemia is renal insuffi-
ciency, associated with a significantly decreased
ability to excrete Mg (Sengupta, 2013). In addition,
the increased intake of Mg salts may cause a change in
bowel habits such as diarrhoea (Galan et al., 2002).
Therefore, drinking water or a diet in which Mg and
SO4 are about 250 mg/l each can have a laxative
effect. (Galan et al., 2002).

To sum up, as shown for the studied area, a decrease
in snowfall and consequently in recharge can induce
significant hydrogeochemical change in fractured
carbonate aquifers. In particular, we recognised an
increasing trend in SO4 concentration in the selected
basal springs and a connection to a decrease in
snowfall in the recharge areas. Furthermore, the trace
element analysis allows attribution of the SO, increase
to the deepening of the groundwater flow path. Lower
recharge values induce a limitation in the renewable
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rate of the aquifer resources, feeding the springs with a
more significant contribution by deeper flow paths,
which increases the ion concentrations. In addition,
rainstorms can also cause changes in the steady regime
of basal springs, modifying the geochemical content
towards values characteristic of streambed springs,
which are located at a lower elevation. In this scenario,
variations in recharge dynamics induced by climate
changes can practically alter groundwater quality and
therefore represent a potential risk for human health.

Conclusions

Groundwater is a fundamental source for the survival
of humanity, and consequently, it is necessary to learn
the proper management of this resource.

This case study confirmed that groundwater, com-
pared to surface water, is more resilient to climate
change. Nevertheless, climate change can affect
groundwater quality by reducing aquifer recharge
and increasing anthropogenic pressures. In addition,
the effects of climate change on groundwater are
enhanced by human activity, such as changes in land
use or increased demand for drinking water or
agricultural use.

Furthermore, the aquifer’s recharge is closely
linked to the distribution of global rainfall and,
consequently, is directly influenced by climatic vari-
ability, including extreme events.

A variation in groundwater chemistry in studied
springs has been recorded in rainier years, especially
in calcium and sulphates and in the characteristic Ca
and Mg, Na and CI, and SO, and Cl ratios. This change
can affect the quality of groundwater, modifying the
water—rock interaction times and, therefore, the
mobility of some elements and water properties such
as hardness, which has a relevant implication for
human health.

Some epidemiological investigations have dis-
played the relationship between risk for cardiovascu-
lar disease, growth retardation, reproductive failure,
and other health problems and the hardness of drinking
water or its magnesium and calcium content.

Chemical associations and time-series trends
observed in this study are only provided as an example
of how initial observations can be used to build a
hypothesis. Indeed, a hydrogeochemical analysis must
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conduct on a regional scale and with more extended
time series.

Over time, the hydrogeological balance linked with
hydrogeochemical analyses highlights the connections
between the quality/quantity of groundwater and
climate changes. However, although the effect of
climate change on groundwater availability is evident,
the one on groundwater quality is still poorly under-
stood and needs additional efforts to be correctly
evaluated. Therefore, it is necessary to monitor and
quantify the hydrogeological cycle to verify how
groundwater quality can change climate change. Due
to these specific characteristics, both climate change
and groundwater quality must be considered to be of
increasing interest because of their relevance to the
world’s water supply.

One of the keys focuses of future engagement of the
SEGH should be to explore the internal and external
connections between environmental geochemistry and
climate systems.

In the context of climate change, this new water
quality challenge draws the SEGH members working
to:

e Promote and develop effective technology and
policy responses to mitigate and adapt to climate
change impacts on water quality.

e Share answers, best practices and lessons learnt on
climate change impacts in water quality to support
the education and social awareness and subse-
quently in improving human health mainly in
developing countries.
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