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Abstract: This paper presents an experimental study to investigate the effect of using the electromagnetic field
on the electric conductivity and dielectric properties of treated tap water by aqua 4 D system according to the
time of exposition in a closed water circulation circuit. There is a portion where there is an electromagnetic
field obtained by the electromagnetic device. This work includes tap water circulation in the region of the
electromagnetic field for 5 min, 10, 15, 20 min. The dielectric and electrical properties were examined and
analyzed using the technique impedance spectroscopy in the frequency range going from 0.1 Hz to 1 MHz.
To initiate the phenomena involving water after magnetization with the electromagnetic field. The results
clearly show that the magnetic field reduces the dielectric constant and resistance of water and increase its
electric conductivity. In this study, we also find that the electrical conductivity of magnetized water increases.
Keywords: water; magnetic; electric; electrochemical impedance spectroscopy.
1. Introduction
Magnetized water is described as water passing
through an electromagnetic field. It is considered as
low-cost and eco-friendly water treatment, with
inexpensive installation fees and no energy
consumption. Nevertheless, the impact of magnetism
on the water is still the topic of controversy. There are
numerous claims that magnetized water offers
increased performance in terms of reducing scale 1,
increases in crop yield and germination 2,3, health
benefits 4, alters pH 5, improves water memory 6,
reduces water tension 7, and improves the
compressive and tensile strength of cement 8, amongst
others.
Due to the partial covalence of the hydrogen bond of
water, electrons are not retained by single molecules
but are readily distributed between clusters of water,
resulting in coherent regions 9. Furthermore,
electromagnetic water has several relevant
characteristics, namely a memory effect, a saturation
effect, as well as the dielectric constant and the
hardening and boiling point 10 and electromagnetic
radiation 11.
The effect of the alternating electric field (AC,
100 GHz to 1000 GHz) on both the static and dynamic
characteristics of water was investigated in a previous
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research 12. It was stated that the passage of a lowfrequency alternating electric current (4-20 Hz) across
distilled, deionized water by using platinum
electrodes induces the cooling of water 13, which is a
result that needs more clarification. The reason for the
observed behavior is attributed to a decrease in water
entropy related directly into an increase in lowdensity water.
Electric fields are supposed to accentuate the
differences of properties among the ortho and para
forms of water 14. Moreover, electric fields decrease
the dielectric constant of water 15 because of the
resulting partial or complete breakdown of the
hydrogen-bonded network.
Pure water is known to conduct electricity poorly, yet
it is not a perfect insulator since it always contains
ions due to self-dissociation. The passage of an
electric current induces electrolysis, thus generating
O2 and H2at the anode and the cathode respectively 16.
The resulting water stores variations in concentration
for long periods (hours) 17. On metallic electrodes,
even relatively low tensions may have a significant
influence on the orientation of water molecules and
the positions of the ions 18. The hydrogen atoms
contained in the water are directed to the electrode by
a negative potential of -0.23 V. In comparison, the
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positive potential of +0.52 V inverts this
phenomenon, both leading to a particular breaking of
the hydrogen bond and a localized increase in density.
Liquid water can be influenced by magnetic fields 19
which contribute to its purification 20. Water being
diamagnetic, it levitates in potent magnetic fields
(10 T, if comparedto the Earth magnetic field of 50
μT) 21. In simulations, lower magnetic fields (0.2 T),
which are yet strong, were reported to increase the
number of monomer water molecules 22. However, it
was surprisingly noticed that the tetrahedrally was
increased simultaneously. Further investigations
revealed that the magnetic field causes an increase in
cluster size in liquid water 23. Conversely, it was stated
that the friction coefficient of water in thin films
decreased in a magnetic field (0.16-0.53 T), implying
that the hydrogen bonding strength may be reduced 24.
High fields (E ≈ V ˣ nm-1) are also encountered
(possibly in a surprising way) at the surface of
hydrophilic molecules as a result of the partial charges
upon the atoms and the small distances separating the
surface and the first hydration layer. Hydrogenbonding is affected by high fields anisotropically,
where hydrogen bonds are stronger longitudinally
across the field but weaker orthogonally to the field 25.
These fields demonstrated this anisotropic influence
(by molecular modelling) on the dynamic viscosity of
water. However, when the fields are lower,
translational and rotational movements can be
reduced.
The application treated the water of higher ELF-EMF
fields (≈ 0.15 T), then its relative permittivity
(dielectric constant) was evaluated and compared to
the one of tap water. The results indicated that the
relative permittivity (dielectric constant) of the
magnetized water was 3.7% higher than that of tap
water over the studied frequency range of 1-10 GHz.
It was suggested then that this behavior is the result of
a higher molecular polarization in the treated water 26.
To see the influence of the electromagnetic field on
tap water precisely on the dipole moment through the
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quantity linked to the polarization under the electric
field and the magnetic field on the arrangement of the
clusters of water molecules and what are the new
directions in the space are articulated in relation to the
published work which is in the bibliography.
2. Materials and methods
2.1. Equipment and physical characterization of
the electromagnetic device
Figure 1 shows an approximate diagram of the
experimental manipulation for passing tap water
through the circuit indicated on Experimental
indication.
The experimental indication consists of:
A starting tank that contains a pump that pushes water
towards the Aqua 4 D system (ISO 9001 certified)
through a cylindrical tube of 50 cm in length and 5 cm
in diameter passing towards the second tank then it
returns to the starting tank for 30 seconds per cycle.
The tank contains 20 L of tap water at a temperature
of 17.7°C and the temperature of the laboratory is
26°C.
The electromagnetic field of constant intensity
delivered by the Aqua 4 D system is unknown but the
device
operates at an electrical voltage of 220 V The
electromagnetic device comprises two basic
components:
-An electronic box pre-programmed to produce
electromagnetic signals (EM).
-Tubes specifically designed for transmitting the
EMC signal in the water. 20 L of water were used in
each experiment to fill a plastic tank where the pump
is submerged (H=1.8m, Q=1200 Lt/hr.) as it can be
seen in Figure 1. The water was circulated
continuously for160 minutes in each run. Tests were
undertaken every 10 minutes to evaluate the electrical
properties of water before and after the treatment by
the electromagnetic field.

Figure 1. Equipment of Aqua-4D and Electromagnetic field generator

Mediterr.J.Chem., 2020, 10(5)

R. Mghaiouini et al.

We turn on the circuit, and after five minutes, we take
a 100 ml sample, then measuring the electrical
impedance for each sample going from 5 min to
20 min by a step of 5 min between each sample. We
measured the spectroscopy impedance of 100 mL of
water not treated by the Aqua 4D system.
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2.2. Water properties
2.2.1. Tap water composition
Table 1 summarizes the physico-chemical parameters
of tap water and water treated by the electromagnetic
field in order to show that these differences are due to
the influence of the electromagnetic field.

Table 1. Physicochemical analysis of tap water and magnetized water.
Settings

Tap water

Magnetized water

pH

7,69

8,25

Conductivity

1695 μS/Cm

971 μS/Cm

TDS

848 mg/l

485 mg/l

Salinity

0,85 PSU

0,48 PSU

Ca

78.5 mg/l

79 mg/l

oxydability

0.41mg/l

0.49 g/l

Chlorure

88.5 mg/l

89 mg/l

Temperature

17,8°C

17,1°C

Mg

23.83 mg/l

23.9mg/l

alkalinity

10.35 °F

10.4°F

TH or hydrometrictiter

2.94 meq/l

2.98 meq/l

Ammonium

0 mg/l

0 mg/l

Iron

0 mg/l

0 mg/l

2.1.2. Water cluster model
Logically, these water clusters models induce the
icosahedron water cluster concept, which is based
upon dense and less dense clusters equivalent to the
opposite equilibrium. The less-dense structures of the

bicycle (2, 2, 2) arise from the most durable hydrogen
bond, while dense structures (far left) take place when
weaker but more several Van der Waals interactions
prevail as shown in Figure 2.

Figure 2. Icosahedral cluster
2.2.3. Hydrogen Bonding in Water
Water molecules within solid and liquid water at low
temperature have exceptional characteristics,
regarding hydrogen-bonding molecules. They exhibit
approximately twice as many hydrogen bonds
compared to covalent bonds surrounding each
molecule, and possess on average, as many hydrogen
bonds as covalent bonds.
Shown left in Figure 3, is the number of hydrogen

bonds surrounding each molecule of water when the
temperature increases. The line-width indicates the
approximate
discrepancy
between
various
experimental methods data obtained from 27. Despite
reports of water being surrounded by more than four
hydrogen bonds, which cannot be located spatially
around the central molecule of water without being
accommodated considerably further from the central
oxygen, as one or more of the original four hydrogen
bonds becoming remarkably weaker.
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Figure 3. Water molecule and hydrogen bonds
2.2.4. Dipole moment of water
Since the two hydrogen atoms share electrons at one
end, the molecule is positively charged on one end and
negatively on the other. There were suggestions that
this can lead the molecule to act as a small bar
magnet 28. This behavior is known as the dipole
moment of a molecule. The dipole moment consists
of a vectorial quantity and accounts for solubility,
which is one of the most relevant properties of water.

Figure 4 indicatesthe similarity of the dipole moment
of a water molecule to that of a magnet, as reported
by 28.
According to 29, polar molecules reach distinctive
orientation when exposed to a magnetic field. The
higher the magnetic field is, the greater the number of
dipoles oriented in the direction of the field can be.

Figure 4. Water molecules. Dipole moment of a molecule (Water’s Properties Tutorial, 2004
2.3. Electrochemical experimental methods
The electrochemical measurements were carried out
in a classic three-electrode cell, by using Volta lab
40 (Tacussel-Radiometer PGZ301) potentiostatgalvanostat, monitored by option analysis software
model (Volta master 4) at the stationary condition.
The impedance diagrams were recorded in 100 kHz10 MHz frequency range with 10 points per decade
and 10mV (peak to peak) amplitude of the excitation
signal.

The AC conductivity was estimated from the real and
the imaginary parts of the impedance spectra plotted
over a study range magnetization time by using the
following equation 30:

3. Results and Discussion

The analysis of Figure 5 indicates that the
conductivity is independent of frequency in the lowfrequency regime. Indeed, the magnetization of water
can increase the mobility of water through the
conductivity, since the resistance decreases with
increasing frequency. Furthermore, the conductivity
of magnetized water depends on the magnetization as
shown in Figure 6. Note that the frequency ranges
between 100Hz and 100 KHz.

3.1. Impedance spectroscopy studies
Impedance spectroscopy has been extensively
employed to examine the properties of electric
materials and electrochemistry systems. Generally,
impedance spectroscopy measurements are conducted
to identify the physical processes and to evaluate
different electrical parameters appropriate for the
electrical system under study.
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The frequency dependence of AC conductivity in tap
water at various time of magnetization is depicted in
Figure 5.
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Figure 5.Variation of the conductivity of all samples
The increase in frequency is associated with a rise in
conductivity. It is interesting to mention that the
electromagnetic field has clear and tangible effects
(Figure 6). Besides, one may suggest that the

electromagnetic field has a direct impact on the dipole
moment of the water molecule. Thus, on the water
clusters, the bonds of the compositions become closer
to tap water, and the hydrogen bonds are reinforced.
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Figure 6. Variation of imaginary part of conductivity as a function of frequency
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Figure 7. Evolution of the imaginary part as a function the real part of conductivity
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Figures 6 and 7 show the real part of the conductivity
and the imaginary part as a function of the real part of
conductivity. These figures demonstrate that the
relaxation frequency of the magnetized water is
unchanged, which implies the absence of deformation
Figure 8 indicates the conductivity cell with a
polarization effect and its electric model and the liquid
column resistance. The Rcis attributed to the
resistance of the liquid column 31; the RP1 represents
the resistor of polarization of electrodepositive and
RP2 accounts for resistance of polarization of the
negative electrode. A Constant Phase Element
(CPE)reflects a double layer capacity distributed by
frequency. The CPEis more versatile in
approximating dispersive impedance spectra than the
"ideal" capacitanceC 32. Given below is an equation
that defines the impedance of a CPE(Eq. (2)):
𝑍𝐶𝑃𝐸 = 𝑄−1 (𝑗𝑤)−𝑛

(2)

Where Q is a real constant independent of the
frequency, n is an exponent which depends on the
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in the structure of the water when it is under the
circulation of an electromagnetic field. It can be thus
suggested that this behavior is the result of the
rearrangement of water clusters.
frequency. Regarding n values, the CPE is replaced by
a classical element of electrical circuits: capacity C
(n = 1), resistance R (n = 0) and inductance L
(n = -1). The value of n= 0.5 is interpreted by the
impedance of Warburg (W). The other values of n
designate in an approximate way some other types of
frequency distribution behavior of C, R, L or W with
the distributed parameters. Capacitive semicircle
dispersion is therefore related to heterogeneity due to
surface roughness, impurities or dislocations 33-35
fractal structure 36-38, adsorption of the inhibitor and
the formation of a porous film 29,35. The fitting and
adjustment of impedance spectra were performed
using the Zview software version 2.2, in coordination
with the equivalent circuit shown in Figure 8.

Figure 8. Electrical equivalent circuit used for adjusting the impedance data

Figure 9. Variations of the electromagnetic field effect of water with increasing exposure time and the resistor of
the liquid column
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Figure 10. Variations of the effect of the electromagnetic field on the water with time and evolution of the
conductivity of the liquid column
The percentage of the coefficient of electro

magnetization (Magnetization ( B ) + polarization
( E ) can be estimated through the fllowing
equation 31:

comparative analysis of the conductivity
magnetized water and that of tap water.

of



∆𝑅

𝑅−𝑅0

𝑅

𝑅0

( ) ∗ 100 = (

) ∗ 100

(3)

Where R and R0 are defined as the charge transfer
resistance without and with treatment, respectively.
Figure 9 illustrates the variation of the coefficient of
electro-magnetization as a function of frequency for
various treatment times. Figure 10 provides a

4. Mechanism of Change of Electric and dielectric
Properties in Water
In the Figure 11 shows the effect of magnetization and
the increase in magnetization time decreases the
dielectric constant that is due to the influence of the
electromagnetic field on the water is on the
organization of the clusters.

Figure 11. The changes of dielectric constant of magnetized water with increasing magnetized time
under action of the electromagnetic field with different frequencies
The change of the dielectric constant according
to Figure 11 one notes these mechanisms:
However, what are the reasons for changes in the
electric property of water arising from the magnetic
field? As it is well known, there are a lot of charged
ions, such as OH− and H3O+ or H+ as well as clusters
including linear and closed hydrogen-bonded chains
of molecules in water. The magnetization of water is
closely related with the transfers of hydrogen ions or
protons (H+) in the closed hydrogen-bonded chains of

molecules according to the theory of magnetization of
water 39–44. In this theory, the proton (or hydrogen ion)
current, which occurs in the closed hydrogen-bonded
chains arising from the proton transfer between
neighboring water molecules under the action of
Lorenz force of the magnetic field, results in the
magnetization of water due to its interacting with the
magnetic field. Thus, we can infer that the electric
property of magnetized water will be changed due to
the fact that the externally applied electromagnetic
field interacts with the ring electric-current elements
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of the proton, which accelerates the shift or jump
speed of protons (or hydrogen ions) from one water
molecule to other after the hydrogen ions accepted the
energy of the externally applied electromagnetic field.
At the same time, the velocities of the charged ions
will be increased under the action of an
electromagnetic field in water; in this case, the electric
conductivity of the water will increase.
5. Conclusion
In this work, we studied completely the influences of
electromagnetic field on the electric and dielectric
properties of treated water, including the dielectric
constant, resistance and electric conductivity, and
measured in detail the changed rules of the
electromagnetic property of magnetized water by
increasing an externally applied electric field with
different frequencies relative to those of treated water.
From these investigations, we obtained that the
electromagnetic field reduced the dielectric constant
and resistance of treated water, and increased its
electric conductivity. Meanwhile, we find that the
electric conductivity of magnetized water is increased
with increasing frequency of externally applied
electric field and magnetized time, but its dielectric
constant and resistance are decreased with increasing
frequency of externally applied electric field and
magnetized time. Therefore, we can conclude that the
magnetic field really changed the electromagnetic
properties of water. Thus, we can affirm that water can
be magnetized in a magnetic field; magnetized water
has different properties relative to those of pure water.
The studied results have important signification in
science and will expand the applications of
magnetized water in industry, medicine, and
biomedicine which will be covered by the next
studies.
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