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cells and organisms using body’s water as a primary
receptor [6]. Although the structural and dynamical
alterations are subtle, they can perturb a well-balanced
system sufficiently to facilitate disease. The disruption of
water dynamics between and within cells underlies many
disease conditions [7]. The search for a biological effect
due to magnetic fields has a long history dating back a
hundred years [8]-[10].
As was mentioned above the water is probably the
primary receptor of the MF in biological systems. The
phenomenon of liquid water treatment with an applied
magnetic field has been known for many years. The
obtained results largely confirm this assumption.
In Ref. [11], [12] the infrared adsorption spectrum and
Raman spectrum of magnetized water were analysed. It
was found that static magnetic field causes changes in the
distribution and polarization of the molecules of water.
This was deduced from an increase in some of the peaks
strength, shift in their frequencies, as well as appearance
of some additional peaks. The authors noted that the
magnetized water really has magnetism, which has been
verified by a peak shift of X-ray diffraction of
magnetized water. These effects were related to the time
of magnetization, the intensity of applied MF and the
temperature of water. It was also found that the magnetic
fields reduce the specific heat of water, increase the
soaking degree and hydrophobicity of water to materials,
depress its surface tension force, and increase the
refraction index, dielectric constant and electrical
conductivity of water. It was alleged that these changes
were caused by the above changes of the microscopic
structures under the action of magnetic field.
Magnetic treatment of liquid water treatment at static
and flow conditions has been used in numerous
applications, such as water purification, drug delivery,
microbial degradation of environmental pollutants,
sterilization, agriculture etc. Magnetic water controls
scale buildup in pipes and plumbing [13]. In spite of
those practical applications, the underlying physical
mechanisms responsible for the changes in the properties
of water have not yet been fully understood.
Our studies have been focused on the effect of a
unipolar magnetic field on the physical and chemical
properties of distilled water. It is experimentally shown
that there are fundamental differences in the biophysical
effects of the MF of the north and south polarity. Some of
studies found that each pole of a magnet has specific

Abstract—Differences in biophysical properties of water (pH,
temperature, evaporation and bioactivity) affected by the
north and south polarity magnetic field are studied. The
magnetic field (MF) is produced by a ring-shaped
permanent magnet. The intensities of the MF at the
extremities from the center are in the range of 45–65 mT.
Petri dish (PD) containing distilled water was left on the
surface of this magnet (N or S pole) for a long period of time
(up to 70 hours). It is shown that the changes in pH and in
amount of evaporated water have the opposite character for
different poles of the magnet in comparison with water in
the control PD. It is found that the MF decreases the water
evaporation and pH in case of the south polarity MF and
increases the amount of evaporated water and pH if the
north polarity MF is applied. The temperature of the
distilled water treated by the MF gets higher (0.4 – 0.8 °C)
in comparison with the water in the control PD.
Index Terms—water, magnetic field, north and south
polarity, pH, evaporation, temperature

I.

INTRODUCTION

Water is one of the most abundant constituents of the
universe and is composed of hydrogen and oxygen, the
ﬁrst and third most abundant elements in the universe,
respectively. The fact that water was present long before
the evolution of life on earth suggests that its unique
properties have strongly conditioned life as we know it.
The water content of an adult human is as high as 65-70%.
Water promotes the formation of biological structures,
enables biological hydrolysis, and acts as a solvent
distributing nutrients and removing metabolism products
[1], [2]. The research of Pollack et al. [3]-[5] suggests
that, in addition to solid, liquid and gaseous state, there is
also a fourth aggregate state of water, namely the liquid
crystalline phase. It was shown that water molecules are
ordered in some few hundred thousand layers away from
hydrophilic gels. The water forms massive exclusion
zones (EZs) completely (or almost completely) without
solutes next to the surfaces of hydrophilic gels. The clear
zone next to the gel surface was a few hundred microns
deep and stayed stable for days and even weeks.
As water is the main medium where the major part of
biochemical reactions is taking place, it is supposed that
the environmental exposures to natural and artificial
electromagnetic fields may change metabolic activity of
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untreated control. Both magnetic poles with different
treatment times reveal increases in germination speed and
total length of plants.
Important results were obtained in Ref. [20]. It was
shown that unidirectional magnetic fields inhibited (north
pole) or increased (south pole) the growth of cancer cells.
An experiment was performed using human lung
carcinoma cells. The latest results show that static MF
can inhibit the proliferation of cancer cells, and the
killing effects of static MF combined with antineoplastic
drugs on cancer cells are greater than those of static MFs
or anticancer drugs alone. These observations suggest a
potential strategy for chemotherapy, that is, the
combination therapy of MFs and chemotherapeutic drugs.
However, so far it remains unclear which mechanism
underlies the killing effects of static MFs combined with
chemotherapy drugs on cancer cells [21], [22].
Unfortunately, in these studies did not pay any special
attention to the MFs polar properties.
There are evidences that the biological effects of MFs
are connected to an alteration in the structure of water
that impedes the flux of protons in adenosine triphosphate
synthase (ATPS) hydrophilic channels. These results may
be environmentally important, in view of the central role
played in human physiology by ATPS, particularly in the
possible link to diabetes, cancer and longevity [23].
It should be noted, that in some other studies that have
focused on the biological effects of a unipolar magnetic
field on human tissue no different effects from the north
or south poles are found. For example, the results of the
study [24] demonstrated no difference in heart rate (HR)
and blood pressure (BP) for three groups of people which
were influenced by the north, south and sham magnetic
field. During experiment people were laid on a mattress
containing magnets (40-50 mT). It was concluded that
short-term exposure (up to 15 minutes) the MF of either
polarity does not appear to cause any clinically
meaningful changes in HR or BP among asymptomatic
subjects. In [25] was investigated the localized effect of
the different magnetic poles and the sham field over the
palmer part of the second finger for 15 minutes.
Measurements on skin microcirculation for three
treatment groups of people were made and showed a
significant reduction in blood circulation for both sides of
the magnet when compared to the sham field but there
was no significant difference between MF of the north
and south poles.
There is one more interesting phenomenon possibly
related to the problem of the unipolar MF. The
geomagnetic ﬁeld is an important natural environmental
factor for life on the Earth. The poles of that field are
located not far from the Earth’s geographic poles. Its
strength at the Earth’s surface ranges from less than 30
μT (South America and South Africa) to almost 70 μT
around the magnetic poles in northern Canada and south
of Australia, and in part of Siberia [26]. The GMF is
steadily acting on living systems and inﬂuences many
biological processes. According to religious and cultural
beliefs sleeping with head in different directions has
different effects on sleep quality of people. In particular,

effects that are quite different [14]-[21]. In Ref. [14] first
discovered that the north and south poles of all magnets
exhibit unique and different properties with respect to
their effects on various forms of life. It was shown that
the south pole of a magnet when placed near a living
organism has a positive, enhancing effect, while the north
pole ‒ has a negative, retarding effect. The authors
presented numerous examples of enhancement to seeds
and various types of cellular growth. However, these
studies have not been confirmed by some other
researchers and currently are not generally accepted.
More recent experimental evidence suggests that the
interaction of MF with microorganisms is directionally
dependent. The effect of magnetic fields on the rate of
phenol biodegradation using immobilized activated
sludge was studied in [15], [16]. This study was
conducted by applying separately the north pole and the
south pole magnetic fields to the bioreactor. Rate of
dissolved oxygen consumption, phenol concentration and
extracellular protein concentration were the parameters
monitored during the process. It was observed that by
applying a magnetic south pole to the process,
biodegradation in the form of biological oxidation was
enhanced. Microbial pellets in the presence of south pole
magnetic fields demonstrate enhanced oxidation of
phenol. A 30% increase in biodegradation rate was
obtained by applying a magnetic south pole of strength of
0.45 T to the bioreactor with immobilized microbial
beads as compared to the control. Maximum observed
enhancement with twice irradiated cells was 750 %
higher than the control run with no magnetic field.
Magnetic north pole irradiation inhibited this type of
biooxidation. This process has potential for biological
treatment of organic wastes.
In Ref. [17] was found that Streptococcus mutans
bacteria showed a 50 to 60% increase in accumulation on
the geomagnetic south side of a glass surface compared
with the north side. Reversal of the direction of the
magnetic field by 180 degrees produces a similar reversal
in the direction of the preferential accumulation. These
results are in accordance with data obtained recently [18].
Plants grown in Petri plates were exposed to both normal
and reversed geomagnetic field (GMF) conditions. The
data show for the first time that reversing the GMF
polarity has significant effects on plant growth and gene
expression. This supports the hypothesis that GMF
reversal contributes to inducing changes in plant
development that might justify a higher selective pressure,
eventually leading to plant evolution.
In Ref. [19] the effect of a weak permanent magnetic
field (PMF) with strength of 62 µT on chilli (Capsium
annum L.) for seed germination, growth and development
was studied. The authors were carried out the experiment
to compare the four pre-sowing treatments at different
times (4, 8, 12 and 24 h exposure) of chilli seeds with the
untreated control. Statistically processed experimental
data suggest that the effect of static MF significantly
increased the seed germination and initial development.
The seeds treated with south pole were showing
maximum growth status as compared to north pole and
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it is stated that one must never keep his head in the North
geographical direction while sleeping.
It was studied in [27] whether head direction has any
effect on heart rate (HR), blood pressure (BP) and serum
cortisol (SC) during supine rest. On comparing the
parameters in different directions it was observed that
those people who were instructed to sleep with head in
the South geographical direction (or the north magnetic
direction of the Earth) for 12 weeks had lowest systolic
and diastolic BP, HR and SC which were found to be
statistically significant. These results would seem to
contradict the conclusions in [24] where the induction of
the MF used was about 1000 times more. It is possible
that the clinically meaningful changes in HR and BP
could be caused only a long-term MF exposure even if
the induction is low.
As can be seen from the above, further studies are
needed to understand the differences in biophysical
effects caused by unipolar magnetic fields and
mechanisms of their appearance.
This article examines the effect of a unipolar MF on
the macroscopic properties of liquid water. It is shown
that there are fundamental differences in properties of the
MF of the north and south polarity. The MF decreases the
water evaporation and pH in case of the south polarity
and increases the amount of evaporated water and pH if
the north polarity MF is applied. The unipolar MF
increases temperature of distilled water.
II.

Figure 1. Disposition of the magnet and Petri dishes with water.

III.

EXPERIMENTAL RESULTS

The main experimental results in Table I and in Fig. 2
and Fig. 3 are shown. The relative changes in parameters
pH, V, and T are calculated by using the following
formulas: δpH = (pHm –pHc)/pHc, δV = (Vm –Vc)/Vc, δT
= (Tm – Tc)/Tc, where pHc (pHm), Vc (Vm) and Tc (Tm) are
numerical values of pH, volume of water in the PD and
the temperature of the distilled water for control
(magnetized) water respectively.
TABLE I.

EFFECT OF MAGNETIC FIELD ON PROPERTIES OF WATER
Parameter

Magnetic field
North pole

pH of water (curve 1)

increases

South
pole
decreases

Amount of evaporated water
(curve 2)
Temperature of water (curve 3)

increases

decreases

increases

increases

OBJECTS AND METHODS

The experimental design was performed under
laboratory conditions, at a mean room temperature of 22
± 2°C. The MF is produced by the permanent magnet
which is a ferromagnetic disc 50 mm thick, 135 mm in
diameter with a hole of 57 mm in diameter. The
intensities of the magnetic field at the extremities from
the centre were in the range of 45–65 mT. For the
magnetic treatment a Petri dish (PD) containing distilled
water (30 ml) was left on the surface of this magnet (N or
S pole) for a long period of time (up to 70 hours). The
control PD and the PD influenced by the magnet were
covered with equal sheets of paper (Fig. 1). The water
was influenced by the unipolar static MF of the magnet
for a long period of time (up to 70 hours). The
comparative experiments with different poles of the
magnet had been completed under the same conditions.
For our measurements a pH/ORP/°C-meter HI 8314 with
accuracy ±0.01/±1/±0.4 was used. Volumetric flasks
were used to measure a volume of the water. The grains
of wheat were used as test objects in order to determine
whether there are differences in bioactivity of the magnet
poles. Two PD with grains (generally 100 grains) were
put on the surface of additional parallelepiped-shaped
(84×64×14mm) magnets (N and S poles). They have the
magnetic field induction in the range of 45-100 mT. The
quantity of the grains in each dish and its watering
remained the same throughout the experiment. All the
experiments were stopped by the 9th day of seeding.
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1 – δpH; 2 – δV; 3 – δT
Figure 2. Experimental results for the North pole.

1 – δpH; 2 – δV; 3 – δT
Figure 3. Experimental results for the South pole.

91

International Journal of Pharma Medicine and Biological Sciences Vol. 6, No. 3, July 2017

From the above, it can be seen that the MF of the north
and south poles of the magnet have the opposite effect on
the pH and the water vaporization. The impact of the MF
of the north and south poles leads to a slight alkalization
and oxidation of water, respectively. These results do not
contradict existing experimental results [14]-[20].
Furthermore, they are in close agreement with the data
reported in [15], [16].
It was also found that the north pole MF increases and
the south pole MF decreases the amount of evaporated
water. The influence of a bipolar magnetic field on the
water vaporization rate has been investigated in several
publications [28]-[30]. It was shown that even weak
magnetic fields (15 mT) can increase the evaporation rate
of water. Various explanations for this phenomenon have
been given. An enhancement of evaporation
demonstrated that hydrogen bonding may be weakened or
even broken by the forces of the magnetic field. The
weakening of hydrogen bonding and van der Waals
forces between water molecules caused by a magnetic
field makes it easier for water molecules to escape from
the surface [28]. The amount of water evaporated is
essential depends on the properties of a water/air
interface and the field gradients at different positions of
the water in the magnetic field [30].
As can be seen in Fig. 1 and Fig. 2 (curves 3) the
exposure to the unipolar MF leads to the water
temperature increase. A simple search of the literature
shows that this effect is known very little. Nevertheless, it
has been shown in [31] that the water temperature
increases in process of its cycling treatment by a
magnetic field (40 mT). Thermal images of the aqueous
surface layer demonstrate a non-uniform temperature
distribution before and after the magnetic field cycling.
The increase in the number of cycles provides the
temperature increase; the difference is 1-2°С as compared
to the test objects. In the authors’ opinion, this effect can
be explained by the dispersion of large water clusters
after impact of magnetic field cycles. The small formed
fragments possess mobility higher than the original
associates. Therefore, the dispersion of water clusters in
the magnetic field is also highly probable. As
consequence, the increase of the aqueous medium
temperature is observed.
It should be noted that the effects of the magnetic field
on hydrogen bonds and van der Waals forces were earlier
discussed, but have not yet been verified due to
contradictory reports [30].
As was mentioned above the water is probably the
primary receptor of the MF in biological systems. It
means that different changes in properties of water under
exposure to the MF of the north or south poles may
change differently the metabolic activity of plants. The
grains of wheat were used as test objects in order to
determine whether there are differences in bioactivity of
the magnet poles. The obtained results agree with the
positive effects of the MF on development of plants
known from literature. Both magnetic poles reveal
growth the length and mass of wheat sprouts.
Nevertheless, seeds treated with the south pole show
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maximum positive influence of the MF: number of shoots
and total mass of sprouts are increased (10-20% and 1526% respectively), that correlates with the results
obtained in [19]. It is known that wheat grows better on
slightly acid soil. It is probably means that the water
treated with the MF of the south pole really becomes
more acidic. This is consistent with the results of our
experiments (Fig. 2, curve 1). It is interesting that the
north pole influence shown little decrease in number of
shoots (up to −10%) but in spite of that, the total mass of
sprouts gets bigger (5-10%) in comparison with the
control group. The detailed report of the study will be
published later.
IV.

CONCLUSION

The experiments showed that there are principal
differences in physical properties of distilled water under
the influence of unipolar magnetic field (N or S pole).
The obtained results consistent well with the other studies
where the different effects of the MF both poles were
examined.
Therefore, additional investigations of the effects of
the unipolar magnetic field on macroscopic properties of
distilled water are still needed to further clarify the
phenomena and its related mechanisms.
At present most of the proposed ideas devoted to this
problem are being based on the on the molecular level of
water and closely connected with the water clustering.
But these results cannot explain how the non-thermal
magnetic and EM fields could essentially affect the
hydrogen bonds in water during clustering. According to
[32] ―…the detailed molecular-level properties of water
are very important. Yet, it is becoming evident that they
are not sufficient to provide a complete theory of water;
we are missing some essential water aspects that cannot
be accounted for by the molecular level investigations
irrespective of how detailed and sophisticated they will
be‖. We suppose that we are missing not only some
essential water aspects but we are also missing essential
properties of the magnetic field and EM radiation,
without which it is impossible to explain the phenomenon
of water.
Thus, our interpretation of the transition of water
treated by a MF from an ordinary state to a new one is
mainly related to the intrinsic properties of the hydrogen
protons and probably the protons and neutrons of oxygen
in molecules of water. New physical state of water
changes its macroscopic and, therefore, biological
properties [33].
Insight into the described phenomena is still remains
elusive. We hope that our results can give a new pulse to
solve this problem.
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