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Conductometry studies evidenced non-ideal electrolyte solution properties of mineral waters. They 

classified themselves in two groups with an intermediate domain between. Keia is a high purity water 

at the junction of the two main groups. It shows the highest concentration in Ca2+ – thus the main 

charge carrier – followed by Mg2+, Na+ and SO4
2–. Low HCO3

– results in a pH slightly more alkaline 

than blood plasma. Although formation of ionic associations (Ca2+SO4
2-, Mg2+SO4

2) limit the Debye-

Huckel theory, the Davies plot shows two straight lines, with Keia at their intersection. A histogram 

of ionic strength is irregular, and Keia is placed towards lower values, pointing to large limits of the 

intermediate group. The histogram of measured conductivity supports a Gaussian fit, with Keia 

placed within the (mean ± SD) interval, hosting ~67 % of the mineral waters; they may show thus 

similar charge transport mechanisms. For Debye radius fit attempts of the histogram failed, and Keia 

was close to the mean value. Outside the corresponding volume of Debye spheres the water molecules 

interact by hydrogen bonds forming clusters, as sustained also by the mean value of the ordering, 

kosmotropic, total Ca2++Mg2+ ions. The possible role of water clusters in homeopathy is discussed.  

Keywords: Mineral water, Debye-Hückel radius, Davies equation, ionic strength, conductivity, Keia. 

INTRODUCTION
1
 

In previous studies we investigated 
comparatively 15 mineral waters by conductometry 
aiming to evaluate the potential of this simple and 
convenient method for characterizing them and to 
elaborate a picture of their structure at the ionic and 
molecular level

1,2
. These mineral waters have a 

large variety of complex ionic composition, with 
ionic strength between ~1 and ~14 mM, and showed 
a ionic conductivity covering a range of values as 
large as almost two decades, from below 10

2
 to 

above 10
3
 S/cm. They evidenced pronounced 

properties of non-ideal electrolyte solutions. This 
means that ions are not randomly distributed 
throughout the solution, because ions of opposite 
charge attract each other, while ions of the same 
charge repel each other. Accordingly the 
thermodynamic properties of the solution are not 
additive and the activity coefficient of each 
component are is not equal to one. The departures 
from ideality in solutions of electrolytes was 
described first by the classical Debye-Hückel 

 
1
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theory
3
 and by many subsequent models, of which 

the Davies equation
4
 is particularly convenient for 

analyzing experimental data. In our case, it showed 
that the investigated mineral waters classify 
themselves in two groups with distinct properties, 
towards low and, respectively, high ionic strength 
values

2
. Due to their specific character, the mineral 

waters of the two domains were carefully examined. 
However, there is an intermediate domain between 
the two aforementioned, where the mineral waters 
could evidence interesting properties, as it happens 
frequently at boundaries. We illustrate now this 
domain by the case study of the mineral water Keia 
which was located almost exactly at the junction of 
the two domains. The present perspective focused 
on individual details is complementary to the 
previous one intended to release a sketch of the big 
picture. 

THEORETICAL BACKGROUND 

Mineral waters are aqueous electrolyte 

solutions characterized by conductivity and by ionic 

strength, and by the relationship between these two 
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quantities
5–11

. The ionic strength of a solution is a 

measure of its concentration of ions is a function of 

the concentration of all dissolved ions: 
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where ci is the molar concentration of ion i (M, or 

mol/L), zi is the charge number of that ion, and the 

sum is taken over all ions in the solution. The ionic 

strength is thus a global parameter of the solution. 

Concentrations ci are usually expressed in a molar 

base (M, or mol/L) but, because mineral waters are 

non-ideal solutions where volumes are no longer 

strictly additive, it is preferable to work with 

molality bi (mol/kg{H2O}) instead of ci. As charge 

transport in electrolyte solutions takes place by ions, 

conductivity depends on ionic strength. we have to 

deal on one side with the ‚measured conductivity’, 

, which is the reciprocal of solution’s resistivity , 

and on the other with the ‚molar conductivity’, Λm., 

defined as the ratio of the measured conductivity  

to the molar concentration c of the electrolyte,  

 = /c. Note that the molar conductivity is a 

difficult concept for an aqueous solution of a 

complex mixture of dissolved ions in different 

proportions. However the basic notions are defined 

for a single dissociated electrolyte
10,11

. In such a 

solution the measured conductivity is proportional 

to the activity a of a dissolved ion 

  ~ a , (2) 

which is proportional to concentration c; the 

proportionality constant is known as an activity 

coefficient, : 

 a = c (3) 

The mean activity coefficient of a fully 

dissociated electrolyte of formula AnBm is given by 

   )/(1 mnm

B

n

A
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   . (4) 

In an ideal electrolyte solution the activity 

coefficients of all the ions are equal to one, while in 

non-ideal solutions the activity coefficients are 

different of one due to the interactions between ions 

and to their non-uniform distribution. Activity 

coefficients are themselves functions of 

concentrations (eq. 4) as the amount of inter-ionic 

interactions increases as the concentrations of the 

electrolytes increases. 

Debye-Hückel theory
3
 allows single ion activity 

coefficients – and associated properties like 

conductivity – to be calculated. The principal 

assumption is that each ion is surrounded by ions of 

opposite charge which form a fuzzy spherical cloud 

and which can be represented by a statistically 

averaged cloud of continuous charge density, with a 

minimum distance of closest approach. The solvent 

is described as a uniform medium of constant 

relative dielectric constant, without structure. It is 

also assumed that the solute is a strong electrolyte 

completely dissociated and that ions are spherical 

and are not polarized by the surrounding electric 

field. Solvation of ions by water can be ignored 

except insofar as it determines the effective sizes of 

the ions and there is no electrostriction. 

The molal activity coefficient of ions A
+
 and B

–
 

in the Debye-Hückel theory
3
 is:  
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where I is the ionic strength and a0 is a parameter 

that represents the distance of closest approach of 

ions. For aqueous solutions at 25 °C A = 

0.51 mol
−1/2

dm
3/2

 and B = 3.29 nm
−1

mol
−1/2

dm
3/2

. 

Also ε0 is the permittivity of free space, εr is the 

dielectric constant, k is the Boltzmann constant, T is 

the absolute temperature, NA is the Avogadro 

number, and e is the elementary charge. 

The Debye-Hückel equation gives a satisfactory 

agreement with experimental measurements of the 

activity coefficient for solutions of 1:1 electrolytes 

(e.g. Na
+
Cl

−
) at sufficiently low concentrations (less 

than 10
−3

 mol/L). The limit of applicability of the 

Debye-Hückel theory is for solutions with a ionic 

strength not higher than 0.1 M. At higher 

concentrations and with electrolytes that produce 

ions of higher charges (e.g. Ca
2+

, Mg
2+

, SO4
2-

, etc., 

which are present in mineral waters) deviations 

from the theoretical predictions occur. This is 

particularly relevant for the Keia water which is 

dominated by Ca
2+

 and contains also lower 

concentrations of Mg
2+

 and SO4
2-

 (see below). 

Therefore we have to look for a more accurate 

theory of electrolyte solutions outside the low ionic 

strength domain. This can be done by adding to the 

Debye-Hückel equation one or more terms 
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describing aspects of the phenomena ignored in the 

original theory. The semi-empirical model due to 

Davies
4
 is of major interest from this perspective.  

Using the Davies equation
4
 one can calculate 

activity coefficients of electrolyte solutions at 

relatively high concentrations. The equation was 

refined by fitting to experimental data. The final 

form of the equation gives the mean molal activity 

coefficient, ±, of an electrolyte which dissociates 

into ions having charges z1 and z2 as a function of 

ionic strength, I. 

 

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The first term is similar to the Debye–Hückel 

equation. The second term, 0.15 I, goes to zero as 

the ionic strength goes to zero, so the equation 

reduces to the Debye–Hückel equation at low 

concentration. However, as concentration increases, 

the second term becomes increasingly important, so 

the Davies equation can be used for solutions too 

concentrated for the Debye–Hückel equation. For 

1:1 electrolytes the difference between measured 

values and those calculated with this equation is 

about 2% of the value for 0.1 M solutions. For 

electrolytes that dissociate into ions with higher 

charges and if there is association between the ions, 

with the formation of ion-pairs, such as Mg
2+

SO4
2−

, 

the calculations become less precise
12,13

. Once 

again, such are phenomena to be expected in the 

Keia mineral water. 

Debye length
14

. In electrolytes the Debye length 

(also called Debye radius) is the measure of a 

charge carrier’s net electrostatic effect in solution, 

and how far those electrostatic effects persist. A 

Debye sphere is a volume whose radius is the 

Debye length and outside of which charges are 

electrically screened.  

In an electrolyte or a colloidal suspension, the 

Debye length
14

 for a monovalent electrolyte, usually 

denoted with symbol κ
−1

 (and with 
−1

 by some 

authors, not to be confounded with the reciprocal of 

conductivity) is given by: 
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Alternatively, it may be expressed by making use of 

the Bjerrum length
14

:  

 
IN AB


8

11 
 (8) 

where B, the Bjerrum length of the medium, is the 

separation at which the electrostatic interaction 

between two elementary charges is comparable in 

magnitude to the thermal energy scale, kT. For 

water at room temperature, λB ≈ 0.7 nm. In standard 

units, the Bjerrum length is given by 
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where e is the elementary charge, r is the relative 

dielectric constant of the medium and 0 is the 

vacuum permittivity. For water at room 

temperature, T ~ 300 K, r ~ 80, so that B ~  

~ 0.7 nm. 

Expressing the Debye length in cm one obtains 

the equation
11

: 

  
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At room temperature (25 °C), for 1:1 electrolytes 

(e.g. Na
+
Cl

−
) in water, one can consider the 

simplified expression for the Debye length:  

  
 M

304.0
nm1

I
 , (10’) 

where κ
−1

 is expressed in nanometers (with the 

relative dielectric constant of water r = 78.6); this 

expression evidences most clearly the inverse 

square root relationship between Debye radius and 

ionic strength. 

EXPERIMENTAL 

The Keia
TM

 bottled mineral water was extracted 

from an underground water deposit located at 

Cheia, Izvorul Zaganului in the Ciucas Mountains 

natural park, Romania
15

. Conductivity 

measurements were performed in standard 

conditions
16

 as previously described
2
 using a 

Romanian instrument with alternating voltage in the 

kHz range in order to avoid electrolysis
17

, with a 

standard cell of 1 cm width between electrodes at 

26 
o
C. The dependence on the frequency is usually 

small
18

, but may become appreciable at very high 

frequencies, an effect known as the Debye–

Falkenhagen effect
19–21

. NaCl solutions of known 

concentration were used as standards. The relative 

errors were of 8–10 %. The approximate ionic 

strength was evaluated from the nominal 

composition as specified by the manufacturers
15

. 
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Only strong electrolytes have been considered. 

Nominal values of ionic concentrations in mg/L, 

converted in mmol/L, were used for calculating the 

ionic strength expressed in mmol/L (mM). The 

contribution of the weak electrolytes HCO3
-
 and 

H2PO4
-
 to the ionic strength has been neglected 

because the acidity (dissociation) constants are very 

low for carbonic acid (K1 = 0.45 10
-6

) and low for 

phosphoric acid (0.75 10
-2

), respectively
5
. The 

approximate Debye radius 
-1

 valued were 

estimated from the ionic strength values using eqs. 

(10, 10’) valid for 1:1 electrolytes, neglecting 

possible discrepancies due to ions with electric 

charge higher than one present in the samples. The 

results obtained before for Keia and other 14 

mineral waters
2
 were used for locating Keia in an 

overall picture. 

Table 1 

The nominal ionic composition of Keia still mineral water* 

Ion Concentration, nominal (mg/L) 

Ca2+ 40.73–44.85 

Mg2+ 2.87–2.90 

Na+ 2.2 

K+ 0.6 

Cl– < 4.0 

HCO3
– 149 

PO4
3– < 0.04 

SO4
2– 5.8 

Ionic Fe 0.022 

Ionic Mn 0.01 

Ionic Pb 0.0005 

Total dry residue 142–147 

pH 7.83 

*As specified by the producer [21]. 

CHEMICAL COMPOSITION 

The ionic composition of Keia mineral water
15

 is 

given in Table 1 and their role is discussed below. 

The ionic conductivity in the Keia mineral water 

is due to four cations (Ca
2+

, Mg
2+

, Na
+
, K

+
) and four 

anions (Cl
–
, HCO3

–
, PO4

3–
, SO4

2–
). The highest 

concentrations are shown by Ca
2+

 followed by Mg
2+

 

and Na
+
, and by HCO3

–
, of which Ca

2+
 is probably 

the most important charge carrier. The bicarbonate 

concentration was among the lowest in the 

investigated 15 mineral waters; anyway, the 

bicarbonate has very low dissociation constants and 

is a weak electrolyte, which implies only a small 

contribution to conductivity and to other properties. 

Probably the strong electrolytes like SO4
2–

 play 

more important roles, in spite of their relatively 

lower concentration. We note that Keia was the 

only mineral water containing PO4
3–

, also a weak 

electrolyte. It did not contain neither the NO3
–
 ion 

nor dispersed SiO2 particles
15

, showing thus a high 

purity, an aspect which most probably is medically 

relevant.  

This water is among the few investigated which 

contained ions of transition metals such as Fe and 

Mn. They may have multiple valence states and no 

further specification is given on this aspect 

important in principle for charge transport, but their 

contribution can be neglected due to very low 

concentrations. The later ions may play an useful 

role as cofactors in the active centers of some 

metabolically important enzymes. Moreover it 

contained very low traces of Pb, about 0.5 ppb; this 

concentration is more than one order of magnitude 

below the maximum allowed concentration of 15 

ppb in drinking water
22

, and thus it did not represent 

any biological risk in spite of lead toxicity. The total 

dry residue of 142 mg/L was among the lowest in 

the investigated mineral waters which showed 

values in the range of 50–1700 mg/L; therefore 

Keia can be considered a weakly mineralized water. 

The pH of 7.83 is associated in part to the low value 

of bicarbonate (147–149 mg/L)
1
 and is slightly 

more alkaline than the blood plasma; the alkaline 

nature of this water is probably of substantial 

clinical relevance, as a prophylactic action of 

drinking alkaline liquids is widely accepted. Keia 

does not contain detectable concentrations of B, 

NH4
+
, F

–
 and NO2

–
; moreover the measured 

radioactivity level is extremely low (0.004 Bq/L 

global alpha activity and 0.17 Bq/L global beta 

activity)
15

. 

Note that due to its high concentration, the 

presumably important role of Ca
2+

 in the ionic 

charge transport could be disturbed by the 

formation of ionic associations between this and 

other divalent ions, like Ca
2+

SO4
2
, Mg

2+
SO4

2–
, … 

which result in departures of conductivity from the 

theoretical predictions of eqs (5–5”) and (6). 
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CONDUCTOMETRY.  

RESULTS AND DISCUSSIONS 

The physico-chemical properties relevant for 

conductivity of the still mineral water Keia are 

presented in Table 2. They will be discussed in the 

following. 

In our previous study [2] on 15 mineral waters, a 

comparison of experimental data to the Davies 

equation (13) has been done in a log10 vs. 

I
1/2

/(1+I
1/2

) – 0.15I plot (Fig. 1). This diagram shows 

that the investigated mineral waters classify in two 

groups A and B, each o them represented by a 

characteristic linear fit with different slopes and 

intercepts. The two straight lines intersect and it is 

remarkable that the datapoint of Keia is located very 

close to the intersection of linear fit lines. Of the 15 

mineral waters, only Keia, Heculane and Izvorul 

Zanelor are located in this zone of the diagram. This 

suggests that Keia (and the other two) have 

properties intermediate to the A and B groups, in a 

A+B subgroup. And it is precisely for this reason 

that we pay a particular attention to Keia mineral 

water.

Table 2 

Ionic strength, conductivity and other properties of the Keia still mineral water 

Ionic strength, 

I,a mM 

Measured conductivity,  

(S/cm)* 

Mean Debye 

length, 

1/b (nm) 

Dissolved ions  

(nominal qualitative composition) 

Type  

of electrolytes 

2.424 ± 0.021 246 ± 18 6.29 ± 0.03 
Ca2+, Mg2+, Na+, K+, Cl-, SO4

2-, NO3
-, PO4

3-, 

Fe2+, Mn2+, HCO3
- 

1:2, 1:1, 3:2, 

3:1 

a Calculated from the nominal composition as specified by the producer. 
b Estimated from the ionic strength with eq. (10). 

0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11

1.8

2.0

2.2

2.4

2.6

2.8

3.0

A

A+B

B

Keialo
g

1
0


I
1/2

/(1+I
1/2

) - 0.15I

Davies 

equation

 

Figure 1. Davies equation (eq. 6) linear fit of the conductivity 

data of the investigated 15 mineral waters evidencing the two 

distinctive domains A and B by two straight lines with 

significantly different slopes. The representative point of Keia 

mineral water is located close to their intersection, where a 

domain A+B of mineral waters with intermediate properties is 

defined. Modified after Ref. [2-Preoteasa and Ionescu-

Tirgoviste 2015, in press]. 

In a histogram of the ionic strength values of the 

15 investigted mineral waters, Keia is located in the 

2–4 mM interval (Fig. 2), together with Heculane 

and Izvorul Zanelor [2]. The ionic strength 

histogram has an irregular shape, suggesting a 

possible bimodal distribution, but it does not allow 

fitting with current peak functions e.g. Gaussian, 

Poisson). The weigh center of the histogram is at 

5.4 mM. The set of ionic strength value has an 

arithmetic mean and standard deviation of 

5.29 ± 3.72 mM, a geometric mean of 3.989 ±  

± 0.003 mM and a median of 5.172 mM. Thus the 

Keia mineral water (I = 2.42 mM) has a ionic 

strength value in the lower values domain by any 

criterion. This shows that the intermediate position 

of Keia in the plot of Fig. 2 is not associated with a 

value of the ionic strength around the mean. 

Accordingly, Keia can be considered a low 

minerality, high purity mineral water. 

0 4 8 12 16

0

1

2

3

4

Keia

N
um

be
r o

f m
in

er
al

 w
at

er
s

Ionic strength, mM

 
Figure 2. Ionic strength histogram of the investigated 15 

mineral waters. Keia is located in the 2–4 mM interval. 
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The histogram of the conductivity for the 15 

investigated mineral waters is much more compact 

(Fig. 3). It shows that the Keia mineral water is 

located in the 200–300 S interval. In contrast to 

the one of ionic strength, it supports a fit with a 

Gaussian centered at 383 S and with a halfwidth of 

±236 S. The weight center is at around 437 S, in 

a position roughly symmetrical to the conductivity 

of the Keia mineral water at 242 S with respect to 

the center of the Gaussian. Also, Keia is placed 

within the (mean ± SD) domain of the Gaussian, 

where it is probable to find around 67 % of the data; 

in fact between ~150 and ~600 S one finds 10 of 

the measured conductivities (thus 10/15 is 66.7 %). 

The results suggest that, according to the 

conductivity, the A+B class of mineral waters 

where Keia belongs, is representative for a majority 

of the investigated mineral waters.  
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Figure 3. Conductivity histogram of the investigated 15 mineral 

waters. Keia is located in the 200–300 mM interval, relatively 

close to the center of the Gaussian fit curve of the histogram. 

The histogram of Debye radius or length as 

calculated with eq. (10) for the investigated 15 

mineral waters is shown in Figure 4. Our attempts 

to fit the histogram with a Gaussian or other peak 

function failed. The Debye radius of the Keia water 

is placed in the 6–7 nm interval of the histogram, 

which is close to the mean value of this parameter 

(5.3 ± 2.4 nm). This implies an intermediate value 

for the total volume of the Debye spheres outside of 

which ionic charges are electrically screened and 

where the water molecules interact mainly by 

hydrogen bonds. 

As a final characteristic parameter of Keia, we 

note the concentration of kosmotropic ions, [Ca
2+

] + 

+ [Mg
2+

] = 1.134 mM, which is due mainly to the 

Ca
2+

 ion as the major electric charge carrier in this 

mineral water (Table 1). In the Hofmeister series
23

, 

kosmotropes favor interactions between water 

molecules
24,25

 and stabilize intramolecular 

interactions in proteins
26

. 

The Hofmeister series correlates to the free 

energy of hydrogen bonding in solutions of 

electrolytes, and quantifies the extent of hydrogen 

bonding in water
24,25

. At least alkaline ions have 

been classified according to their tendency to order 

or to disperse water in their vicinity and to their 

hydration entropies (which evaluate structure-

ordering and structure-disordering effects). The 

Ca
2+

 and Mg
2+

 ions are among the strongest 

kosmotropic ions in the Hofmeister series, and their 

total concentration in Keia (1.134 mM) is more 

close to the values domain of this parameter typical 

for class A mineral waters (1.6–3.6 mM) than to the 

range of values in class B mineral waters (0.25– 

0.60 mM) [2]. 
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Figure 4. Debye length histogram of the investigated 15 mineral 

waters. Keia is located in the 6–7 nm interval, relatively close 

to the mean value of the Debye length represented  

in the histogram. 

Therefore Keia, as a mineral water 

representative to the A+B class, can be expected to 

have a relatively high ordering of the water 

molecules between ions, including in clusters 

formed by hydrogen bonding. Such clusters
27-31

 

have been shown to possess strong dipole moments 

oscillating in the THz domain
27

 by coherent 

vibrations and supposed to play important 

biological roles in regulating the cell functions
32-37

 

and in homeopathy
38

. 
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Due to the partial covalency of water’s hydrogen 

bonding
5
, electrons are not held by individual 

molecules but are easily distributed amongst water 

clusters giving rise to coherent regions
32-37

. They are 

associated with the controversial issue of “memory 

of water” supposed to be involved in homeopathy, 

but they aresupported by substantial, although 

indirect so far, physical evidence
28-38

. Recently, 

Nobel prize-winning Luc Montagnier has declared 

that quite dilute solutions of DNA show entirely 

different properties from the less diluted solutions 

that the authors propose depend on interactions with 

the ambient electromagnetic field
39-40

. The 

extraordinary results given in this paper have yet to 

be independently confirmed. Samal and Geckeler 

have published an interesting, if controversial, 

paper
41

 concerning the effect of dilution on some 

molecules. They found that some molecules form 

larger clusters on dilution rather than the smaller 

clusters which are thermodynamically expected. 

The presence of one such large, μm-sized cluster in 

the diluted solution could give rise to the noticed 

biological action. This paper is criticized by other 

authors
42

 but the new work by Luc Montagnier
39-40

 

reinforces the unexpected dilution aspect of this 

work. A related phenomenon may be the occurrence 

of conductivity oscillations (~ 0.5 Hz) at similar 

concentrations of salts at the low concentration limit 

of obedience to Kohlrauch’s law (Onsager’s 

formula)
43

. In brief, search of more direct physical 

evidence of water clusters has to be continued, 

because “[water] solutions are more complex than 

expected”
38

. 

CONCLUSIONS 

Keia is a high purity mineral water, weakly 

mineralized, with the highest concentration shown 

by Ca
2+

 among the dissolved electrolytes followed 

by Mg
2+

 and Na
+
, and with very low HCO3

-
 

concentration. It does not contain neither the NO3
-
 

ion nor dispersed SiO2 particles, but it contains 

traces of Fe and Mn ions, which may be used as 

cofactors in the active centers of some 

metabolically important enzymes. Very low traces 

of Pb, ~30 times below the maximum allowed 

concentration in drinking water, do not represent 

any biological risk. Its pH is slightly more alkaline 

than the blood plasma, and its alkaline nature 

together with the other compositional characteristics 

is probably of clinical relevance. Because Ca
2+

 is 

the dissolved ion with the highest concentration, it 

is probably the most important charge carrier. The 

formation of ionic associations between this and 

other divalent cations on one side and divalent 

anions (of the type Ca
2+

SO4
2-

, Mg
2+

SO4
2-

, …) could 

result in departures of conductivity from the 

theoretical predictions. A comparison of Keia with 

other 14 mineral waters in the Davies plot (an 

extension derived from Debye-Hückel theory), 

based on the measured conductivity and ionic 

strength data shows that the investigated mineral 

waters classify in two groups, and that Keia is 

located at the intersection of these groups. This 

suggests that Keia has intermediate properties, a 

good reason for deserving a particular attention. 

Noteworthy, in spite of the possible associations 

between divalent ions, Keia is well located on the 

Davies plot according to conductivity and ionic 

strength. A histogram of the ionic strength values of 

the 15 investigated mineral waters is irregular, and 

Keia is located in the lower values domain. This 

appears to be in accordance with the comparatively 

low minerality of Keia, and points to the large limits 

of the intermediate properties domain evidenced by 

the Davies equation plot.  

The histogram of the measured conductivity for 

the 15 investigated mineral waters looks like a 

rough approximation of a single mode distribution 

and supports a Gaussian fit. Keia is placed within 

the (mean ± SD) domain, where it is probable to 

find around 67 % of the data; in fact one finds 66.7 

% of the measured conductivities (namely, a 

domain containing 10 of the 15 examined samples). 

Thus according to the conductivity, the class of 

mineral waters where Keia belongs is representative 

for a majority of the investigated mineral waters. 

For the Debye radius values of the 15 mineral 

waters under study, the histogram hardly shows any 

regular pattern, and fit attempts with a Gaussian or 

other peak function failed. The Debye radius of 

Keia is close to the mean value, suggesting an 

intermediate value for the total volume of the Debye 

spheres outside of which the water molecules 

interact mainly by hydrogen bonds. This last feature 

of Keia may be related to a presumptive high 

ordering of the water molecules by hydrogen 

bonding in the volume between ions. Possible 

ordering may take the form of water clusters. This 

hypothesis is in agreement with the total 

concentration of the kosmotropic ions Ca
2+

+Mg
2+

 

and their water ordering influence. By this 
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parameter, Keia is located also in an intermediate 

domain, but more close to the class of mineral 

waters with higher conductivity.  By these 

characteristics, Keia water might be used also in 

children and even in newborns.   

Water clusters formed by hydrogen bonding 

could have strong dipole moments oscillating 

coherently and are supposed to play important 

biological roles in the cell. Although large support 

exists, further studies are required to provide more 

direct evidence for their involvement in 

homeopathy. To resume, conductometry together 

with compositional data led to a relevant picture and 

an open perspective of specific physical-chemical 

properties of mineral waters, well illustrated by our 

case study of Keia.  
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