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Abstract
Two moderate earthquakes with magnitudes of 6.0 and 5.8 occurred in active tectonic crustal structures of the Po
Plain in the area of Modena City in Northern Italy. These events generated temporary and/or permanent environmental
changes with much damage, leading to 27 deaths. These quakes occurred on May 20, 2012, at 02:03 UTC, and on May
29, 2012, at 07:00 UTC, at depths of 6.3 and 8.1 km, respectively. In order to investigate for effects from the earthquakes
on the fluorescence spectra and ion composition of groundwater within the affected area, available mineral water bottled
prior to and post the two shocks were collected. Specifically, the regular production lines at the bottling plants of the
brands Lieta, Ventasso, Cerelia and Monte Cimone situated in the nearest Appennine chain, contributed to this study.
These bottled waters where analyzed for their fluorescence spectra using the synchronous scanning method. Variations
of fluorescence intensity a month before the first earthquake of May 20, 2012, appeared to be significant only at Monte
Cimone spring, where high density water samples were available. Likewise, variations in ion compositions evidenced
peaks at a month before the first earthquake and a month after the second one. pH and conductivity levels of only some
springs also shown significant variations at a month before the first earthquake. These findings suggest that a realization
of continuous measurement networks in areas prone to incidences by strong earthquakes could be useful for investigating
any possible influence of earthquakes on water geochemistry.
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Introduction
The study of the geochemical and hydrodynamic characteristics
of aquifers and their changes is considered a valid contribution to the
knowledge of natural processes connected to earthquakes [1]; mostly
because these changes can be indicators of a both physical and chemical
causes in water-rock interaction around the time of seismic activity.
Researchers have developed consciousness of the ubiquitous presence
and importance of fluids within the Earth's crust [2]. However, Kirby
[3] has reported that the chemical effects of aqueous fluids in rocks can
be heterogeneously distributed in the crust. To deduce the rheological
laws for any crustal rock type under hydrothermal condition on the
basis of known chemical effects of water on deformation and strengths
of rocks it seemed premature from Kirby's survey [3].
From an observational point of view, over the last few decades
studies focusing on the behaviour of geochemical and geophysical
parameters relative to seismic activity have been intensified [4]. Of
these, an investigation of relationships among the attributes of many
earthquakes related to gasgeochemical and hydrogeological signals,
evidenced a strong correlation between signal duration and precursory
time [5]. Signals were categorized into four groups reflecting
differences in monitoring station densities, measurement methods
and physical processes related to signal occurrence. Signals were: the
radon exhalation from the earth’s crust, the exhalation of other gases,
the temporal variations in water level or discharge of springs, as well as
the temporal variations in temperature and dissolved ions in the water
of the monitoring sites [5].
Moreover, significant results have been recently obtained from
testing commercially produced bottles of drinking water collected
weeks and months before quakes. Specifically, it was possible to
verify that ion concentrations of ground water near the epicentre of
the Kobe earthquake fluctuated before the January 17, 1995, Mw=6.8
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[6,7]. For another study, mineral water samples were provided by
Aguas de Cabreiroá, S. A. which exploited CO2-rich groundwater from
a well 120 m deep, located about 90 km from the epicentres of the
Galicia’s earthquakes, on November 29 and December 24, 1995, both
with a Ms=5.0 and 5.1, respectively. The observed increased Chlorate
concentration [8] was comparable to that reported for the 1995 Kobe
earthquake. Even if the area where Mw=7.2 Van earthquake occurred
on October 23, 2011 was not included in the monitoring program
following the Izmit earthquake, it was possible to obtain commercially
bottled water samples from the EREK spring located less than 20
kilometres from the epicenter of the earthquake [9]. Chemical analysis
for major ions dissolved in water showed significant variations weeks
before the shock. Recently, changes in groundwater chemistry before
two consecutive earthquakes in Iceland have been reported [10]. These
occurred four to six months before moderate earthquakes having
magnitudes greater than 5.0 in October 2012 and April 2013. The
Authors recorded multiple abrupt changes in the isotopic compositions
of hydrogen and Oxygen, as well as concentrations of major elements
Sodium, Silicon and Calcium. Moreover, in a calcium carbonate aquifer
characterised by a steady low content of most metals in Central Italy,
increases in the contents of Chromium, Iron, Vanadium and Arsenic
were recorded months before and during the onset of the 2016–2017
seismic sequences in the Central Italian Apennines [11].
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Our study investigated for an influence of earthquakes prior to,
during and after the events on the fluorescence spectra of bottled
mineral waters from local springs. Changes in the fluorescence spectra
were for the first time evidenced in the context of a strong Mw=7.4
Izmit earthquake in Western Turkey on August 17th, 1999 from
samples of mineral and thermal water; which were taken in the course
of another investigation just before the catastrophic event. In order to
observe potential changes in chemical and isotopic constituents before
and after this event, a second sampling was carried out at the same
water sources about one month later [12,13].
Several past works have followed the same research line. In Salò, in
Northern Italy, a quake struck with a magnitude of 5.3 on November
24, 2004 [14,15]. In this case, the fluorescence spectrum of several water
samples collected about 17 days before the earthquake from the Tavina
Mineral Spring was significantly higher compared to the reference
water. Finally, a fluorometer was installed at the Brigerbad thermal
spring (Switzerland), which continuously measures fluorescence over
three channels of different wavelengths together with the turbidity of
the water [16]. It is part of COupled seismogenic GEohazards in Alpine
Regions (COGEAR) which is an interdisciplinary natural hazard
project investigating the hazard chain induced by earthquakes [16].
Following the Modena earthquake, occurring just after 4 am local
time [17], the only possibility to get information regarding any changes
in groundwater fluorescence spectra prior to and after the quake was to
analyze locally bottled mineral water prior to and after the event.

Materials and Methods
One of the most striking features of the Modena earthquake was
its observed diffused liquefaction phenomena [18]. Geochemical field
investigations were also carried out into the epicentral area. The soilgas concentrations and flux measurements for liquefactions, ground
fractures, and collapsed caves suggested a superficial origin of these
phenomena [19]. Stress field was consistent with active shortening
in the Northern Italian Apennines [20], while suprahydrostatic pore
pressure and σ1 ~ σ2 ≠ σ3 were required to reactivate the thrusts. It was
supposed that the involved fluids could have been gas and brines hosted
in the folded sedimentary successions [21]. To obtain a reliable set of
systemmatic geochemical observations, four local water companies
producing bottled water from local springs located within the Italian
Appennine Chain were contacted to obtain water samples, prior to and
after the two earthquakes. Carrying out an analysis of this type of water
had the advantages of being bottled throughout the year and therefore
available before and after an earthquake. Whereas, its disadvantage was
that it was a consumer product with limited stocks, which were not
always available for continuous monitoring. In light of this, to garner
consistent results, the bottling plants and spring/boreholes should have
been as close to the earthquake epicentre as possible. Figure 1 depicts
the epicentre of the Modena Ml=6.0 May 20, 2012 earthquake, located
60 to 80 km from the four bottling plants.
The limestone Appennine mountains, rising south of Modena, are
known to produce high quality drinking water. Groundwater escaping
from natural springs is sealed in bottles and sold on the market. The
Lieta and Ventasso springs are located in Cervarezza Terme, Reggio

Figure 1: The intensity areal distribution due to the Modena earthquake. The epicentre is indicated by an orange star. The locations of seismic and ShakeMap
stations are indicated by triangles and circles. The locations of the four mineral water plants are indicated by squares.
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Emilia Province, at coordinates 44° 23' Lat, 10° 16' Lon, at 1030 m and at
1006 m altitudes, respectively. The temperatures at the mouths of these
springs are 7.7°C and 8°C, respectively. The mean ion characteristics
are listed in Table 1. The Cerelia spring is located near Vergato, Bolgna
Province, at coordinates 44° 31' Lat, 11° 06' Lon and at an altitude of 680
m. The temperature at the mouth of the spring is 10.8°C. The mean ion
characteristics are listed in Table 1. The Monte Cimone spring is located
in Ospitale di Fanano, Modena Province, at coordinates 44° 10' Lat, 10°
47' Lon and at an altitude of 935 m. The temperature at the mouth of
the spring is 7°C. The mean ion characteristics are reported in Table
1. Physical-chemical analysis results of the four mineral waters were
compared with rainfall data collected from the same areas. All rainfall
data were obtained from ARPA Emilia Romagna publication [22]
pertaining to the study period. The Collagna Station (830 m) provided
data for the Lieta and Ventasso springs. The Riola Vergato Station (256
m) supplied data for the Cerelia spring, and the Piandelagotti Station
(1,215 m) provided data for the Monte Cimone spring.
The geological structures responsible for the seismic activity have
been identified as thrust faults delineating the outer margin of the
Northern Apennines. The area of earthquakes is about 30 kilometres
long and 12 kilometres wide; which follows the crest of the buried
Cavone-Mirandola anticline. The structures developed during Neogene
and Quaternary in the framework of the collision between the European
continental margin and the Adria microplate [23]. The fold-and-thrust
system is completely buried by thick Quaternary sediments of the Po
Plain and involving a sedimentary succession mainly consisting of
Triassic evaporites, Mesozoic–Early Tertiary shallow to deep-water
carbonates, and Oligocene–Miocene clastic successions [24]. Miocene
strata are covered by a Plio-Quaternary deposit which is extremely
variable and was controlled by the growth of thrust-propagation folds;
ranging from 7,000 to 8,000 m at the core of the deepest synclines to
about only 150 m at the top of thrust-related anticlines [25].

Synchronous fluorescence spectrometry
The main investigative tool in this study was the synchronous
fluorescence spectroscopy. This choice was based upon the fact that
this instrument had seemed to be able to previously detect significant
changes in fluorescence spectral intensities of thermal and mineral
waters, which were collected prior and after the Izmit earthquake on
August 17, 1999, Mw=7.4, in the nearby areas of Kuzuluk, Bursa, and
Yalova/Gemlik. A water sample collected weeks before the earthquake
exhibited a slightly elevated 340 nm intensity [14]. Similar changes in
fluorescence spectral intensities had been observed around the Lake
Garda region in Northern Italy, following an Ml=5.3 earthquake on
November 24, 2004. In fact, the fluorescence spectrum of several water
samples collected about 17 days before the earthquake, were slightly
elevated at 340 nm and 390 nm peak intensities [15].
The physical process of fluorescence occurs when a molecule
absorbs photons from the UV to visible light spectrum (200-900 nm),
causing transition to a high-energy electronic state and then emits
photons as it returns to its initial state, in less than 10-9 sec. Because
during this process, some energy is lost through heat or vibration,
the emitted energy when returning to the initial state is less than
the exciting energy; e.g., the emission wavelength of the molecule is
always longer than the excitation wavelength. The difference between
the excitation and emission wavelengths is called the Stokes shift.
Fluorescence spectroscopy can be used to reliably assess the relationship
between absorbed and emitted photons at specified wavelengths. It is
a selective quantitative analytical technique, which is inexpensive and
easily mastered [26]. Synchronous fluorescence spectrometry consists
of scanning the emitted light intensities at a constant wavelength
difference between the excitation and emission wavelengths.
In order to investigate for a possible influence of Ml=6.0 and
Ml=5.8 earthquakes of May 2012, locally sourced mineral water was
obtained from local bottling plants within the affected area. These
bottles were filled on production lines prior to and after the main

Lieta

Ventasso

Cerelia

Temperature [°C]

7.7

8

10.8

Monte Cimone
7

pH

7.8

7.5

7.4

7.7
116

Residual (180°C) [mg/l]

170

178

379

Conductivity (25°C) [µS/cm]

250

241

599

195

Hardness [°F]

12.3

11.4

n.d.

10.5

Oxidability [mg/l]

n.d.

n.d.

n.d.

n.d.

O2 [mg/l]

n.d.

n.d.

n.d.

n.d.

CO2 free [mg/l]

5

4.9

n.d.

3.2

Ca+2 [ppm]

41.4

39.2

121

33

Mg+2 [ppm]

4.6

4.6

n.d.

5.5
2.7

Na+ [ppm]

14

14.6

5.9

K+ [ppm]

0.3

0.2

0.57

0.7

HCO3- [ppm]

135

140

418

125

SO4-2 [ppm]

30.9

24.9

7.6

9.9

Cl- [ppm]

3.7

10.3

5.6

2.8

NO3- [ppm]

1

n.d.

1.3

1.8

F- [ppm]

n.d.

n.d.

0.11

n.d.
n.d.

Li+ [ppm]

n.d.

n.d.

n.d.

Sr+2 [ppm]

n.d.

n.d.

n.d.

0.2

NH4+ [ppm]

n.d.

n.d.

n.d.

n.d.
n.d.

I- [ppm]

n.d.

n.d.

n.d.

Br- [ppm]

n.d.

n.d.

n.d.

n.d.

SiO2 [ppm]

n.d.

n.d.

15.6

n.d.

Table 1: Chemical-Physical properties and mean ion characteristics of the mineral waters.
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shock took place. All the bottles were labeled with dates and times
of production. Upon obtaining these bottles, they were sent to the
ETHZ laboratory located in Zurich, Switzerland; at distance of 495 km
from Bologna. The bottles were stored in a single cardboard box and
kept in a cool and dark place. Upon which, the water samples were
analyzed for their fluorescence spectra to investigate for intensity
anomalies using the synchronous scanning method. Specifically, the
Luminescence Spectrometer Perkin-Elmer LS-50B was used. The light
source of this instrument emits light at a certain range of wavelength.
The light passes an adaptive slit, before the excitation mono-chromator
lets pass the light with the desired wavelength. Afterwards, the filtered
light reaches the sample, which fills the quartz cuvette, and causes the
emission of photons. The emission mono-chromator filters the light
to the wavelength, which is intended to be measured. Finally, the light
hits the photo-multiplier where the light intensity is converted into a
fluorescent signal. A wavelength difference of 20 nm was applied to
these investigations.
In order to compare the recorded variations in the individual
measured fluorescence spectra of the individual mineral water samples
Lieta, Ventasso, Cerelia and Monte Cimone, the intensities of specific
wavelengths (329 nm, 345 nm, 373 nm and 390 nm) which proved to
be sensitive to tectonic activity by previous studies [15], were selected.
These selected wavelengths are plotted in Figure 2 for the synchronous
fluorescence spectra of Lieta water. Another comparative method
consisted in calculating the mean of the integration of the intensities at
wavelengths between 300 nm and 500 nm.
The individual samples of the intensities at the selected wavelengths
329 nm, 342 nm, 373 nm, and 390 nm are plotted for daily averages in
Figure 3, together with the means of the integration of the intensities
of the entire measured fluorescence spectra. Error bars were obtained
by calculating the mean difference between daily values and daily
averages, and resulted being around 2% of intensities. The plot yielded
the same variation pattern for each of the intensities. The fluorescence
intensities at 329 nm resulted being a mean of all intensities at different
wavelengths, including the integration of the intensities of the entire
measured fluorescence spectra.
Figures 4-6 plot the fluorescence intensities at 329 nm wavelengths.
These intensities are plotted along with earthquake magnitudes greater
or equal to 4.5, as well as daily cumulative rainfall levels. The plotted
earthquakes were selected as they were major daily earthquakes
each with a Dobrovolsky radius [27] r=100.43M>80 km; which was the
maximum distance among the earthquake epicenters and the water
springs. In particular, Figure 4 indicates both the Lieta and Ventasso
fluorescence intensities at 329 nm; the springs are about several
hundred meters apart. Available bottling dates were slightly different,
therein providing a denser set of data on April 3 and 30, on May 1, 18,
21, 22, 23 and 31, on June 1, 14 and 15, 2012, for Lieta, and on April 3,
4 and 23, on May 18, 21 and 24, on June 1, 4, 13, 14 and 24, 2012, for
Ventasso.
Figure 5 depicts plotted Cerelia fluorescence intensities at 329
nm together with rainfall data collected by the Riola Vergato (above
Vergato) Meteorological Station during the same period. Figure 5 also
depicts daily major shocks with magnitudes greater than or equal to
4.5. For Cerelia, fluorescence intensities were measured only for 4 dates
on March 8, on April 2, on May 18 and on June 6, 2012. Relative error
bars indicate about a 2% of range of error for daily measurements.

For the Monte Cimone there was a greater number of bottled
samples available, particurarly from March 6 to June 26, 2012. These

Hydrol Current Res, an open access journal
ISSN: 2157-7587

Figure 2: Synchronous scan fluorescence spectra of mineral samples from
the Lieta water with their corresponding dates for bottling. Wavelengths of 329
nm, 345 nm, 373 nm, and 390 nm, are indicated by vertically dashed lines.

Figure 3: Fluorescence levels of Lieta water samples. Error bars are indicated
in black.

Figure 4: Earthquake dates are indicated in red, fluorescence of Ventasso
and Lieta relative Intensity at 329 nm are indicated with black lines. Cumulative
daily rainfall levels nearby the springs are shown with columns.
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dates were on March 6 and 23, on April 11, 20, 21 and 23, on May 2, 8,
9, 10, 14, 17, 18, 21, 22, 23, 24, 25 and 31, on June 5, 15, 20 and 26, 2012.
Figure 6 shows Cimone fluorescence intensities at 329 nm together
with rainfall data collected by the Piandelagotti Meteorological Station,
which is near Monte Cimone, and daily major shocks with magnitude
greater or equal to 4.5.

Ion chromatography
The ionic content levels of F-, Cl-, NO3-, SO4-2 as well as Na+, K+,
Mg+2, Ca+2 and Sr+2 were measured with the Dionex DX-120 Ion
Chromatograph. This instrument uses the principle of the mobile
phase, which consists of the substance to analyze and of the eluent
which flows through a stationary phase. The function of the eluent
is to dissolve the ions which should be detected after they have been
exchanged and bound at the stationary phase so that they can be
detected. With the suppressor, the conductibility of the eluent is
decreased. Finally, conductivity measurements are proportional to the
ionic concentration using an electronic method. The signals are then
evaluated by the Chromeleon software which integrates each peak and
indicates its respective ion. Ionic content levels are shown in Figures
7a-7c, are expressed in ppm and grouped according to defined intervals
of concentrations. Errors were calculated, as above here, by calculating
the mean difference between daily values and daily averages. Error
estimates resulted being: 20% for F-, 5% for Cl-, 4% for Nitrate, 7% for
Sulfate, 1% for Na+, 10% for K+, 2% for Mg+2, 2% for Sr+2 and 1% for
Ca+2. Error bars were not inserted into the plots to render the Figures
more legible. Vertical red lines show the times of the earthquakes.

pH and conductivity
Conductivity and pH measurements are reliable and easy to use,
especially for quality control purposes. Conductivity provides a rapid
and inexpensive way to determine the ionic strength of a solution,
by giving a reading that is proportional to the combined effect of all
the ions. Surveillance of feed water purity, control of drinking water
and process water quality, estimation of the total number of ions in a
solution or direct measurement of components in process solution can
all be obtained using conductivity measurements. These high reliability,
sensitivity and relatively low cost of conductivity instrumentation
makes it a potential primary parameter of any good monitoring
program. Conductivity measurements cover a wide range of solution
conductivity from pure water at less than 0.1 μS/cm to values of greater
than 1 S/cm for concentrated solutions. The pH level is of major
importance in determining the corrosion of water. Generally speaking,
the lower the pH, the higher the level of corrosion, even if the pH is
only one of many factors affecting corrosion. The pH of pure water is
7, but the normal range for pH in surface water systems tends to be
between 6.5 and 8.5, while this range for groundwater systems tends
to be between 6.0 and 8.5. For this study, pH was measured electrometrically at controlled temperatures with a glass electrode. Figure 8
shows the pH levels and the conductivity levels of the analyzed samples
associated to the earthquake magnitudes. Conductivity errors were
estimated to be between 1% and 6%, whereas pH error estimates were
calculated to be between 1% and 4%.

Discussion
Fluorescence spectra of the individual Lieta water samples, see
Figure 2, yielded the same variation pattern i) for the intensities of
the above defined specific wavelengths as well as ii) for the means of
the integrated intensities of the entire measured fluorescence spectra.
These results were also obtained for the Ventasso, Cerelia and Monte
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Figure 5: Earthquake date are indicated in red. Fluorescence samples for
Cerelia (at 329 nm) are plotted and connected by a black line. Cumulative
daily rainfall levels nearby the springs are shown with columns.

Cimone water samples. The fluorescence variations of the four mineral
waters at the distinct wavelength of 329 nm were represented according
to their bottling dates together with major earthquakes. The Lieta and
Ventasso peaks in fluorescence intensities were recorded on April 30,
on May 24 and on June 2012 (Figure 4). However, scarcity of data did
not permit a reliable isolation of these peaks. Moreover, when after
having combined the data of these two springs, their maximums did
not result having the same times. Additionally, a correlation was not
observed between fluorescence and either the indicated seismic events
or rainfall. Fluorescence intensity levels of the Cerelia samples, see
Figure 5, were measured for only 4 available bottling dates on March
8, on April 2, on May 18 and on June 6, 2012. For limited data, it was
not possible to investigate for a pattern in fluorescence intensity levels
for the 2012 Modena earthquakes. As shown in Figure 6, significant
increases in fluorescence intensity levels were recorded after April
21, 2012, and maintained up to May 30 of the same year for Monte
Cimone. On May 18, 2012, few days before the main shock, there was
a recorded decrease in fluorescence intensity level. Before the second
strong earthquake on May 29, 2012, having a magnitude of Ml=5.8,
another significant increase in the fluorescence intensity level was
recorded. Following this, in June 2012, this level sharply decreased to
levels lower than those measured six months prior. Data from Monte
Cimone were the most dense and they did not result being correlated
to rainfall levels. Past studies have reported the out flowing charges
from rocks to water might induce water changes on the surface contact
between water and rocks [15,28]. Our study was unable to support this
hypothesis.
Figure 7a depicts the ion concentration levels for Lieta and
Ventasso. Several variations were observed within each group. In fact,
the ion concentrations for Sodium, Sulfate and Sr from Lieta fluctuated
weeks before the shocks. These concentrations started to decrease on
month before the earthquakes and reached their maximums around
May 20, 2012. Fluctuations of the same ion concentrations were less
marked for Ventasso. Instead, Cl- concentrations for both Lieta and
Ventasso had similar strong variations, with absolute minimums one
month before the earthquakes and with stepped maximums on May
21, 2012. Slight monotone increases in Magnesium ion concentrations
for both Lieta and Ventasso were recorded. Insignificant variations
in Calcium, Sodium and Sulfate ionic concentrations were recorded
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Figure 6: Earthquake dates are indicated in red. Fluorescence samples for Monte Cimone (at 329 nm) are plotted and connected in black. Cumulative daily
rainfall levels nearby the spring are shown with columns.

around the time of seismic activity for Ventasso. Potassium
concentrations were sharply increased for Lieta on May 21, whereas
the Nitrate concentrations decreased for both Lieta and Ventasso. All
the above indicated variations resulted being above the error levels
for Lieta and Ventasso ionic measurements. No significant variations
were observed regarding Cerelia ionic concentrations (Figure 7b).
Ionic concentrations for Monte Cimone are shown in Figure 7c. Peaks
appeared for ionic concentrations of Sulfate, Magnesium and Sodium,
with their increases starting at the beginning of June 2012, after the
major shocks. A considerable peak in ionic concentration of Cl- was
observed at the end of April 2012.
Conductivity and pH of both Lieta and Ventasso were reported
to have similar behaviors; both of their increases began at the time of
the main shock. Conductivity levels weeks before the shocks reached
minimum values for both Lieta and Ventasso around the time of the
earthquakes. Additionally, pH levels of Lieta had the same behavior.
However, paucity of data did not permit for a reliable interpretation
of an association between conductivity and pH with earthquakes.
Likewise, for Cerelia, a reliable interpretation could not be achieved
regarding seismic activity. Whereas, for the Monte Cimone samples
it was possible to extrapolate a define pattern of behavior due to the
greater pool of data. In fact, pH measurements for Monte Cimone
indicated both a net peak at the end of April 2012, corresponding to
the Cl- peak, and an increase in pH during the main shocks. Moreover,
the conductivity levels of Monte Cimone was seen to slightly decrease
on May 10 and returned to normal values on June 10, 2012.
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Conclusions
An association was observed between the May 20, May 29, June
3 and June 6, 2012, strong earthquakes and the pattern of increase
for fluorescence intensity for the investigated Monte Cimone water
samples. This pattern of increase started at the end of April 2012 and
lasted until after June 6, 2012; the date of the last recorded strong
earthquake. However, due to the low densities of available Lieta,
Ventasso and Cerelia water samples taken before and after the main
earthquakes, no association regarding between fluorescence peaks and
seismic events could be investigated for. For the four sampled areas,
no evidence of rainfall influence was detected. The first result of this
study has been recently reported for tectonic areas in Turkey and Italy
[14,15]. This result needs to be further investigated for its validity.
Regarding the conductivity results of our study, ionic
concentrations showed some correlations with seismic activity. Even if
the data were limited, we observed that for the Lieta samples the
concentration levels of Na+, Sulfate and Cl- ions decreased during the
weeks before the main shock and reached a maximum around May 20,
2012. More monotone increases were recorded for the Magnesium ion
concentrations of Lieta and Ventasso. A sharp peck was observed in
Potassium concentrations for Lieta, whereas a decrease in Nitrate was
observed for Ventasso over the same period. Finally, a marked peak in
ionic concentration for Cl- was observed at Monte Cimone at the end of
April 2012. Concerning conductivity and pH, they increased together
starting from the main shock time for all the four bottled water plants.
Moreover, a net peak of pH was measured at the end of April 2012,
corresponding to the Cl- peak recorded for Monte Cimone.
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Figure 7a: Ionic content levels of Lieta and Ventasso. Earthquake times are indicated in red.

Figure 7b: Ionic content levels of Cerelia. Earthquake times are indicated in red.
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Figure 7c: Ionic content levels of Cimone. Earthquake times are indicated in red.
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Figure 8: Earthquake times are shown in red. pH and conductivity of Ventasso, Lieta (grey lines), Cerelia and Monte Cimone are indicated in black.

What may be underlying these phenomena? Past investigations
of loading rock blocks with high mechanical stress (as e.g., gabbro
tiles) leading to electrical currents at their edges [29], have suggested
hypotheses. Regarding the phenomena occurring around the time of
strong earthquakes, it has been suggested that underlying there a solidstate physics interpretation. The process might combine the critical
earthquake concept and the concept of crust acting as a charging
electric battery under increasing stress [30-32]. Here, the electric
charges are released by activation of dormant charge carriers in the
oxygen anion sub lattice, called peroxy bonds or positive hole pairs.
According to the cited experiments, the velocity of out flowing charges
can reach 100 m/s. If these deep underground processes, in the form of
stress accumulation in rocks have already begun before the onset of a
strong earthquake, these processes could be associated with observed
fluorescence changes in mineral waters sourced from the immediately
surrounding areas; an average of 60 km from the main shocks.
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