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Abstract

The pH values for volumes (50 ml) of spring
water were measured for 12 hours while be-
ing exposed to a weak (8+4 uT) decelerat-
ing frequency-modulated magnetic field
that has been shown to diminish the growth
of cancer cells and inhibit the movement of
planarian. Compared to sham field-exposed
water, the magnetic field-exposed water
displayed a greater increase in pH (towards
alkalinity) that involved an increase be-
tween 0.5 and 1 pH units after about 7 to 8
hr. This shift occurred slowly as successive
0.02 pH transient peaks (about 7 per s) that
were between 20 to 40 ms in duration. This
pattern was not observed in water exposed
to background conditions (0.11 puT). These
results are consistent with the hypothesis
that properties of water exposed to specific
patterns of magnetic fields produced by a
patterned series of 3 ms voltage durations
generated from computer software can pro-
duce transient temporal properties in water
that converge with those associated with
the cerebral cortical activity coupled to con-

sciousness. Several quantitative solutions
for small and very large volumes of water
support this possibility.

Introduction

The chemical and electromagnetic prop-
erties of water (House, 1974) have been
considered the fundamental substrate
that defines the boundaries of living sys-
tems (Pollack, 2003; Pollack et al., 2009).
The continuous flux of H* ions mediated
through transient hydronium ions (H;0%)
within a maintained structure (a matrix of
H,O molecules) indicates that the spatial
pattern of the aggregate is maintained in-
definitely while specific microstructures are
ephemeral (Decoursey, 2003). This physi-
cal combination of statics and dynamics
sets the conditions for a substance that can
interact with its environment and represent
these interactions yet maintain a structural
momentum that defines the individuality of
the set (DeMeo, 2011).

The universality of the water molecule and
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its connection to fundamental forces is re-
flected by its diffusivity (0.88:107 m?®.s™)
obtained by dividing the magnetic moment
of a proton (1.41-102° A-m?) by the unit
charge (1.6:10™ A-s). When the diffusivity
is multiplied by the typical viscosity of wa-
ter (1.0-107% kg-m™'s™) at 20°C the resulting
force of 8.80-10™"" kg-m-s™ across the width
of two O-H bonds (1.92:10™° m) is 1.7-1072°
J. This value is within the range of mea-
surement error for the energy of the second
shell hydrogen bond which is ~1.8:107° J
and reflects proton mobility (Decoursey,
2003). The quantum of 1072° J (Persinger,
2010) may be a universal value that reflects
the intrinsic average forces within the fine
structure of space distributed across the
neutral hydrogen wavelength (Persinger et
al., 2008).

The differentiation and measurement of
water as bulk and interfacial phases indi-
cated that when this compound was near
any surface electrical properties arose that
simulated the conditions hereto attributed
to plasma membranes and the separation
of ions (Del Giudice and Preparata, 1994).
Several authors (Pollack, 2003; Del Giu-
dice et al., 2010; 2011) have shown that wa-
ter adjacent to a surface displays ten times
the viscosity than bulk water and exhibits
a narrow shell of enhanced proton charges
at the interface between the bulk-interfa-
cial zones. The range of potential differ-
ences is comparable to the resting plasma
membrane potential (~100 mV). The role
of proton flux, per se, as the source for all
membrane phenomena (traditionally at-
tributed to disparities of charges from ions
across the membrane) is suggested by the
copious nature of proton channels within
membranes and the fact that an incredible
range of currents within these channels is
pH dependent (Decoursey, 2003). In addi-
tion clusters of molecules within a coher-
ent phase have the capacity to maintain or
represent electromagnetic fields applied ex-
ogenously or originating within the interac-

tions between water molecules (Del Giudice
and Preparata, 1994).

The spatial segregation of H*, which defines
pH, indicates that this phenomenon could
be employed to assess the effects of appro-
priately-patterned magnetic fields upon
water. Minute changes in pH are associat-
ed with brain activity (Kaila and Ransom,
1968). Alkaline pH shifts exhibit a rapid
onset and can be maintained as long as the
stimulus is applied. Increasing extracellular
pH and lowering intracellular pH often pre-
cede neuronal activity within the cerebral
cortices and hippocampus and are associ-
ated with the opening of H* channels (Elder
and Decoursey, 2001). Shifts of pH from
7.9 to 7.2 produce currents in outside mem-
brane patches which occur within temporal
intervals of 10 and 40 ms (Bevan, 1998).
For comparison the three major enzyme
complexes of the respiratory chain donate
and receive an electron once every 5 to 20
ms (Alberts et al., 2002).

The water molecule has been hypothesized
to be the central thread through which even
more complex processes, such as conscious-
ness, are mediated if not created (Amoroso,
1999). The fundamental dynamic unit of the
neuron, the single ion channel, is associated
with a discrete change of 0.2 uV (Kandel et
al., 2000). The energy exerted on a charge
(1.6:10™ A-s) is 0.5-10> J (Persinger and
Lavallee, 2012). When divided by the mass
of a proton (1.67-107%7 kg) the average veloc-
ity is ~4.5 m-s™. This is the bulk velocity of
cortical fields moving through the cerebral
cortices (Nunez, 1995) and would require
~20 to 30 ms to traverse its linear distance.
The time required for the coherent electro-
magnetic fields (McFadden, 2002; 2007)
associated with different cognitive states
(particularly waking and dreaming) to move
along the rostral-caudal axis of the cerebral
cortices is about 20 to 25 ms with phase
shifts in the order of 10 to 12 ms (Llinas and
Pare, 1991; Llinas and Ribary, 1993). Emoto
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(2011) has suggested that properties of con-
sciousness may be an intrinsic feature of
water or that its kinetics can be influenced
by cerebral activity. Radin et al. (2006) re-
cently provided experimental evidence to
support the latter possibility.

The most conspicuous physical feature of
consciousness is its multiple electromag-
netic properties (Persinger and Lavallee,
2012; 2010). Our recent research indicates
that application of weak (uT range) physi-
ologically-patterned magnetic fields with
the appropriate point voltage durations
produced marked and predictable changes
in activity within the cerebrum (Saroka and
Persinger, 2013) as measured by quantita-
tive electroencephalography and sLORETA
(low resolution electromagnetic tomogra-
phy). Specific changes are associated with
subjective alterations in consciousness and
phenomena consistent with altered states.
The mechanism is more related to the rep-
resentation of the energy from the applied
field within the cerebral volume rather than
a Faradic-related mechanism (Persinger et
al., 2010) although the latter could be sig-
nificant at quantum energy levels as sec-
ondarily induced magnetic fields from the
electric fields associated with the applied
magnetic fields. It has been known for some
time that global shifts in brain pH towards
alkalinity are proconvulsant while shifts to-
wards acidity are anticonvulsant (Kaila and
Chesler, 1989).

Given these considerations we examined the
effects of the same complex time-varying
magnetic field (that produced altered states
of consciousness in human subjects) upon
changes in pH in spring water. It was select-
ed because of its similarity to cellular and
extracellular fluids. When 50 ml of spring
water were placed in open beakers and not
disturbed for 12 hr there was a gradual drift
towards alkalinity (e.g., pH 7.75 to 8.21).
Such slow dynamics have been considered
optimal to allow interaction with applied

magnetic fields. When this volume was
exposed to the frequency-modulated mag-
netic field that is known to induce the con-
ditions necessary to produce altered states
in human subjects (Saroka and Persinger,
2013) and electrical lability in epileptic rats
(Persinger and Belanger-Chellew, 1999), we
observed multiple discrete bursts or shifts,
with durations primarily between 20 and
40 ms, in pH. The effect was so conspicu-
ous we designed a series of experiments to
investigate this phenomenon.

Materials and Methods

“Beakers” (105 ml flint glass jars) contain-
ing 50 ml of spring water (4 mM of HCOs;
1.77 mM Ca; 76 uM of Cl; 1.3 mM; of Mg,
41.9; uM of NOg; 61 uM SO, ; 17.9 uM K;
43.5 UM Na) were exposed continuously
for 12 hours to either a physiologically pat-
terned magnetic field (4.4 to 11.5 uT, RMS)
or to background conditions. The inten-
sity within the background (8 m from the
coil), from 60 Hz power frequencies, was
about 0.11 uT and was typical for the gen-
eral area. By “physiologically patterned” we
mean magnetic fields whose complex and
asymmetrical time-variations are similar to
those generated by aggregates of neurons.
There were a total of 8 replicates for the
field and 8 replicates for the reference con-
ditions. The shape of the applied magnetic
field was frequency modulated (Figure 1),
that is, it displayed an irregular decrease in
phase modulation. The pattern was gener-
ated by converting 859 numbers, each with
a value between o0 and 256, to increments
between -5 to + 5 V (127=0 V); they were
transformed by a digital-to-analogue con-
verter to the appropriate current within a
coil. It was created by wrapping 305 m of
30 AWG (Belden 9978) wire in a single lay-
er (18 cm wide) around plastic milk crates
which were 38 cm x 33 cm x 27 cm.

The point duration is the time each point
with a specific number between 0 and 256
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Figure 1: The shape of the repeated magnetic field
pattern to which the water samples were exposed.
The graph reflects the integrated picture of 859
points (horizontal axis), each generated for 3 ms;
the total duration to complete the sequence was
2.58s.

(and the corresponding voltage) was gener-
ated; it was 3 ms. Consequently, the time
required for the completion of the “physi-
ological pattern” was 3 ms per point-859
points or 2.58 s. This cycle was continu-
ously repeated. More details regarding the
hardware and software employed to gener-
ate the magnetic field patterns have been
reported elsewhere (Murugan et al., 2013a).
The 3 ms duration was selected because it
diminishes the division of cancer cells but
not normal cells in culture (Buckner, 2011),
reduces the growth of melanoma tumors in
mice (Hu et al., 2010) and enhances analge-
sia (equivalent to 4 mg/kg of morphine) to
thermal nociceptive stimuli for rats (Mar-
tin et al, 2004). Point durations less than
3 ms or greater than 3 ms are less effective
or not effective. This was predicted by the
neurophysics model of Persinger and Koren
(2007) and recently supported experimen-
tally (Persinger, 2013). The pH of the vol-
ume of water was continuously measured at
intervals of either 1 s, 100 ms, 10 ms or 1
ms depending on the experiment. The pH
values for both beakers in each experiment
were recorded separately once per second
by Dr. Daq systems (Pico Technology, Unit-
ed Kingdom) which are sensitive to the .01
pH unit. The data were recorded continu-
ously on a laptop operating the appropriate
software.

The pH measurements, collected every mi-
nute for 12 hrs for the magnetic field-ex-
posed and control water, were partitioned
into hourly averages for statistical analyses.
For the discernment of the optimal incre-
ment of time to measure the water (sam-
pling intervals of 1 ms, 10 ms, 100 ms or
1000 ms) the numbers of positive displace-
ments (increased pH), which were almost
always about .02 to .03 pH, were calculated
for triplicates of experiments completed in
each condition. To more precisely isolate
the typical duration of the increased pH
shift 1000 successive sequences of 10 ms
sampling rates were obtained from three
different records (replications) from differ-
ent trials for the magnetic field and control
treated conditions. The numbers of positive
shifts towards increased pH that displayed
0 to 10, 11 to 20, 21 to 30, 31 to 40, 41 to 50,
and 51 to 60 ms increments were counted.
All statistical analyses involved SPSS 16 for
PC.

Results

The typical shift towards higher pH (0.5 to
1 unit) of spring water over time (12 hrs)
contained within open beakers is shown
in Figure 2. Although the water volumes
exposed to both the magnetic field and no
field conditions display an increased pH
over the 12 hr periods of measurement, the
volumes exposed to the magnetic field pat-
tern displayed a greater pH shift. The num-
bers of discrete pH shifts during hour 1, 3,
4, 6,7, 9, 10 and 12 for the volumes of wa-
ter exposed to the no field or magnetic field
condition are shown in Figure 3. Two way
analysis of variance as a function of condi-
tion (no field, field) and time (increments
between 1 and 12 hrs) showed statistically
significant differences between field condi-
tions [F(1,32)=497.70, p <.001] and time
[F(7,32)=55.69, p <.001]. The two-way in-
teraction was statistically significant as well
[F(7,32)=14.86, p <.001].
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Figure 2: Typical record of successive, slow shift in pH as a function of time (12 hr) for spring water
exposed to either the sham field condition or to the temporally patterned magnetic field.
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Figure 3: Means and standard errors of the mean for the numbers of discrete shifts during hourly
intervals for the field and sham field conditions. Vertical bars indicated standard deviations.

Polynomial analysis for the control (non-
exposed) water indicated a significant linear
trend for the increase in pH [F(1,16)=80.83,
p <.001] over time. For the water exposed
to the magnetic fields there were both a
significant linear trend [F(1,16)=300.00,
p <.001] and a deviation from the linear
term [F=5.18, p <.001]. Although there
was a weak but significant quadratic term

[F=6.64], there was also significant devia-
tions from this as well as the cubic, 4th-
order and 5th order terms (all Fs>4.89, p
<.01].

To discern the optimal At or increment of
analysis by which to discern the pH shifts,
the numbers of shifts obtained when the
data were collected with intervals of 1 ms, 10
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Figure 4: The numbers of pH shifts (>0.02 pH) recorded during increments of sampling of either 1 ms,
10 ms, 100 ms or 1000 ms. Vertical bars indicate standard deviations.

ms, 100 ms, or 1000 ms (1 s) were analyzed
as a function of field or no field conditions.
As seen in Figure 4, the optimal duration
for revealing the numbers of the pH shifts
involved 10 ms increments of sampling.
Two way ANOVA as a function of duration
of sampling and field vs no field condition
was dominated by a strong interaction that
explained 67% of the variance. Post hoc
analyses indicated that the major source
of the interaction was due to the more fre-
quent pH shifts for the water exposed to the
magnetic field when the durations of obser-
vation were 10 ms compared to the no field
condition and in conjunction with the field
and no field conditions for the other three
sampling durations that did not differ sig-
nificantly from each other.

The more precise measurement of samples
of the 1 ms measurements is shown in Fig-
ure 5 for the mean numbers of occurrences
of pH shifts for 10 different random samples
for 1000 points each with increments of 10
ms (i.e., 10 s). The peak in the numbers of
occurrences of pH shifts occurred for spike
durations between 20 to 30 ms and 30.1 to
40 ms for the samples exposed to the pat-
terned magnetic field. Figure 5 also shows

the peaks in the numbers of occurrences
in pH units for comparable periods within
the water exposed to reference conditions.
There was no obvious non-linear effect with
a peak between 20 and 40 ms.

A simple summation of the means of the
numbers of positive shifts towards basic for
10 ms increments between 1 and 60 ms in-
dicated an average occurrence of 68 per 10
s or ~6.8 shifts per s. However these shifts
were not maintained but returned to ante-
cedent levels when the transient was com-
pleted. This would indicate that in an 8
hour period, when the effect began to inflect
towards asymptote, there would have been
~2.9 -10% of these shifts even though the to-
tal shift was between 0.5 and 1 pH unit. The
shape of the pH shift indicated that over
time they did not return to the antecedent
value but drifted upward. Consequently, on
average, the discrepancy between the ante-
cedent pH and the return pH after the shift
would have been about 1.7-107 of a pH unit,
which was below the range of the sensitivity
of our sensors. However the integrative ef-
fect over the ~8 hr resulted in a cumulative
increase of between 0.5 to 1 pH units.
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Discussion

The results of these experiments indicate
that when spring water was exposed to a
physiologically-patterned magnetic field
which has been shown to induce conspicu-
ous diminishment of movement in planar-
ian (Murugan et al., 2013b), inhibition of
division of different lines of cancer cells but
not normal cells (Buckner, 2011), marked
analgesia in rodents (Martin et al., 2004)
and invertebrates (Thomas et al., 1997),
and altered states of consciousness in hu-
man participants (Saroka and Persinger,
2013), reliable changes in pH occurred.
The changes were primarily toward alkalin-
ity and involved between 0.5 to 1 pH units,
compared to the water exposed to back-
ground conditions. Although the latter also
displayed a drift towards higher pH, the
change was slower, more linear, and of less
magnitude.

The increase in pH of the water exposed
to the magnetic field pattern displayed an
inflection around 7 to 8 hrs. The mecha-
nisms for this latency must still be exam-
ined. However it is interesting that Gang et

al. (2012) found that the change in viscosity
of water as inferred by diffusion of a solute
for 50 ml volumes of water exposed to 0.16
T static magnetic fields was also within this
range. Because the water was contained
within open beakers the potential interac-
tion of gas exchanges from the surround-
ing air and the volume of water must still
be considered. Even small additions of O.,,
N, or CO, from the air could have been sig-
nificant. In the mammalian brain, intersti-
tial tissue oxygen levels are non-uniform
between 1 to 5% relative to the atmosphere
concentration of 21% (Sharp and Bernau-
din, 2004). Serotonerigc neurons may help
maintain pH homeostasis by functioning as
CO, sensors.

The measurement of the incremental shifts
in pH of ~0.02 units as a possible “quan-
tum” might be considered analogous to the
0.5 mV increments that were initially mea-
sured in postsynaptic space as incremental
units. Only later were they associated with
the energy from the “spontaneous” release
of fixed quantities of neurotransmitter from
a presynaptic vesicle. Although the shifts
were evident in the same volumes of water
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exposed to background (“60 Hz”) intensi-
ties there were quantitatively more in the
water exposed to the magnetic field pattern.
That they were not artifacts of simple mea-
surement or a variant of Faradic current by
induced electric fields was shown by their
maximum detection when the sampling in-
terval was 10 ms rather than 1, 100, or 1000
ms increments.

In addition, careful measurement of the
positive spikes (increased pH) of these dis-
crete shifts indicated there was a non-linear
effect as a function of duration for only the
water exposed to the patterned magnetic
field. There was a conspicuous increase in
numbers of increased pH shifts with dura-
tions between 20 and 40 ms, that is the “40
Hz” band. This range of duration is within
time required for the bulk velocity of the
transcerebral electromagnetic fields asso-
ciated with consciousness (the waking and
dream states) to move along the rostral-
caudal axis of the cerebrum. It may be rel-
evant that the strength of a magnetic field
in Tesla (kg-A™s™) divided by the mass-to-
charge ratio of a H;0" ion [(3.15-1072° kg)
-(1.6:10"? A-s)™] results in frequency. As-
suming an average strength of 8-10° T for
the field strength in the present study and
~2:1077 kg-A™-s™ for the ratio, the emerging
frequency is ~40 Hz.

That the phenomenon measured in our ex-
periments is directly relevant to neuronal
and brain activity is indicated by the dis-
crete changes in pH that occur during dy-
namic processes. Increasing extracellular
pH and lower intracellular pH often pre-
cede neuronal activity within the cerebral
cortices and are associated with the open-
ing of H* channels (Elder and DeCoursey,
2001). Discrete shifts in pH occur within
temporal increments of 10 and 40 ms (Be-
van, 1998), which is what we observed in
spring water within which a physiologically
patterned magnetic field was applied. We
suggest that the intrinsic, physiologically

patterned magnetic fields generated from
neuronal activity through out the aque-
ous matrix of the cerebrum volume might
produce a comparable process coupled to
complex cognition. In vivo shifts, as little as
0.2 pH (well within the range we observed),
within the medulla of rats evoked an imme-
diate increase of Ca*™* across the syncytium
of astroglial processes.

Implications for the Role of Water, Electro-
magnetic Fields and Consciousness

The results of the present experiment as
well as previous calculations (Persinger and
Lavallee, 2010) strongly indicate there are
properties within water that might mediate
if not create the cerebral cortical conditions
that are experienced as consciousness. That
the same physiologically-patterned mag-
netic field that produced the pH shifts in
the study with durations of 20 to 40 ms (the
same duration for the “refresh rate” of con-
sciousness) also alters states of conscious-
ness when experimentally applied across
the cerebrum (Saroka and Persinger, 2013)
indicates that extracellular and intracellular
fluids may be the major source of these phe-
nomena. There is now empirical evidence
that these externally applied, physiological-
ly-patterned “weak” magnetic fields are not
attenuated significantly through cerebral
space (Persinger and Saroka, 2013a). The
classical arguments against the influence
of weak magnetic fields because of the “kT
boundary” apply only in certain conditions
(Cifra et al., 2011).

A shift of .02 units of pH from 7.75 to 7.77,
for example, would be equivalent to a shift
from 1.7-10% M to 1.6-10% M of H* or a net
change of 10 M. From Avagadro’s Num-
ber (6.023-103 molecules per Mole), which
would be 18 ml of water volume), a nano-
Mole, would be a change of 6.0-10'* H".
When multiplied by the unit charge (1.6-10
19 A-s) the change would be associated with
9.6-107 A-s. Because each increment had a

WATER 6, 45-60, March 25th 2014 52




mean of 30 ms (3-1072 s) the current equiva-
lent would be ~3.2:103 A. This is the range
(mA) required to elicit powerful subjective
experiences and images, when brain tissue
is directly stimulated by intracerebral elec-
trodes (see Persinger and Saroka, 2013b for
a review). With a typical shift of voltage as-
sociated with the rostral-caudal domain in
the order of 50 to 100 uV (5 to 10-10™ V),
the average steady-state resistance (V-A™)
would be between .15 to 0.3 Q™ cm (length
of cerebrum) or about 1 to 2.5 Q -m. This
range of values includes the resistivity of ex-
tracellular fluid, 2 Q m, according to Barnes
(1986).

The mean rate of occurrence of shifts in
0.02 pH units was equivalent to about 6.8
per second. Considering the larger num-
bers of events during the first few hours, the
value may have been proximal to 7 to 8 Hz.
With a bulk velocity of about 4.5 m-s™ as
measured by Nunez (1995) and the recur-
rent phase-shifting transcerebral electro-
magnetic fields measured by Llinas and his
colleagues (1991, 1993) , this would indicate
that the standing wave of the cerebrum with
a functional circumference of about 60 cm
would be between 7 and 8 Hz. These solu-
tions are consistent with hypothesis that
discrete transient shifts in pH in the order
of the duration involved with the recur-
rent rostral-caudal fields associated with
consciousness (particularly dreams and
the waking state) could mediate or even be
a major contributor to these processes. A
shift towards alkalization in the extracel-
lular fluid adjacent to neuronal membranes
precedes their activation. As measured by
Bevan (1998), shifts in pH comparable to
the ones noted over a longer interval in our
study, occurred as 20 to 40 ms bursts.

According to Martinez-Banaclocha (2007)
the potential change from resting mem-
brane potential to activation (action poten-
tial) corresponds to approximately 0.2 uT
(2:107T) at 0.5 mm around a neuronal sur-

face. Alfven (magnetohydrodynamic) waves
propagate in the medium with a velocity of

(1)

where B is the magnetic field strength, po
is magnetic permeability, and d is the mass
density of the charge carriers (Alvager and
Moga, 1997). A change of 0.02 pH units
(from 7.77 to 7.75 for example) would be as-
sociated with a mass density of 5.6-108 kg
[(10° M - 6.023-10*3 H* per M) - (5.55-10% L
per m?3) -(1.67-107%7 kg per H*)]. The square
root of the product of this value with u,
(1.26:10° N-A2) is 2.6-107. The quotient
is in the order of 1 m-s™. This suggests that
small changes in pH within this range would
be associated with functional charge densi-
ties of H* that could mediate the bulk veloc-
ity that defines the ~4.5 m-s™ of the recur-
sive waves associated with consciousness.

v=B-(nod)™/?

Diffusivity (u,0)™", where o~ 2.1 S-‘m™ is for
physiological saline, can reveal the temporal
component of the dispersion within water.
The value is 0.38:10° m2-s™%. The diffusion
time scale, employing Ryskin’s (2009) log-
ic, would be estimated by the radius and the
thickness of the shell of the volume. Assum-
ing a radius of 6 cm for the cerebrum and
an average thickness or 4 mm, the magnetic
diffusivity of water within the human cere-
brum would be in the order of 10 s. For an
action potential with durations of 1073 s this
is the same order of magnitude as the time
required for each ion of the ~10° ions (Kan-
del et al., 2000) to traverse a channel that is
temporally integrated into the total change
in voltage. Thus even at the dynamic level
the characteristics of water appear to de-
fine the boundary of the likely bases of con-
sciousness (Persinger and Lavallee, 2012).

Global Implications

The conspicuous number of pH shifts per
sec are within the range of the fundamental
standing resonance of 7 to 8 Hz for the hu-
man cerebrum, as inferred by the frequency
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generated from the bulk velocity (4.5 m-s™)
divided by the typical circumference of the
skull (60 cm), and the Schumann resonanc-
es [(3-10% m:s?) - (4-107 m)™] generated
around the Earth’s circumference between
the surface and the ionosphere (Cherry,
2002). Although the amplitudes are small,
in the order of a pT for the magnetic field
component and tens of mV-m™ for the elec-
tric field component, they are persistent.
They were also present during the origins of
life (Cole and Graf, 1974). These electric and
magnetic intensities are within the same or-
der of magnitude as those generated during
global cerebral activity in the human being.
Cosic et al. (2006) have shown, as have oth-
ers, that experimental application of the
fundamental frequency and its harmonics
affects cerebral systems.

Although water containing various sol-
utes constitutes approximately 70% of the
earth’s surface, its significance has been
considered primarily for its contribution to
climate. The intrinsic biological significance
may be even greater. If we assume the (me-
dian value) volume of water on the surface
of the planet is ~1.3-10'® m3, then the ener-
gy (E) contained within it from the geomag-
netic steady state field strength would be:

(2)

or (25:107° T?) divided by 25-10° N-A2 mul-
tiplied by the volume. The intrinsic energy
is ~1.3-10" J contained within the oceans.
The product of the volume of the oceans
(1.3-10®* m?), 103 L M, 5.56:10' M L}, and
6.023-10%3 molecules per M, indicates there
would be 43.5-10% molecules. The quotient
of 1.3-10"® J and 43.5-10%° molecules indi-
cates about 3-103* J per water molecule.
When this value is divided by the quantum
indicator (Planck’s constant, 6.626-10734
J-s) the intrinsic frequency is ~45 Hz. This
could mean that intrinsic variations would
be occurring about once every 20 to 25 ms,
which is within the range of responsiveness

E=T?.(2:4m107 NA™®)" m3

of water observed in the present study.

Within the human brain volume a more di-
rect potential connection to consciousness,
which is assumed to be correlated with tran-
scerebral ~40 Hz cortical waves, is suggest-
ed. Assuming an average volume of 1350
ml for a cerebrum which is ~945 ml (70%)
water, there would be 55.5 M of water (18
ml per Mole). This would involve 3.16-10%>
water molecules. The magnetic energy from
the static magnetic field from the earth po-
tentially stored within this volume of water
would be 0.945-107 J or 2.9-10732 J per wa-
ter molecule.

The equivalent frequency associated with
the quantum of energy, obtained by divid-
ing by Planck’s constant (6.626:103% J-s),
is ~40 Hz. This is within the classic band
associated with consciousness and the di-
rect inverse of the 20 to 25 ms intervals
associated with both the recursive rostral-
caudal waves of electromagnetic coherence
produced over the cerebral cortices and the
peak duration of pH shifts recorded in this
study. We think it is not spurious, in this
context, that calcium transients can cause
internal pH transients (Schwiening and
Thomas, 1998) and the Liboff resonance so-
lution of Ca** in the earth’s static magnetic
field is ~40 Hz. Our experimental results
and their congruence with quantifications
from calculations reiterate the perspica-
cious inferences by G.H. Pollack that the
intrinsic properties of water and its inter-
action with the environment may reflect an
entire domain of undiscovered possibilities.
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Discussion with Reviewers

Anonymous Reviewer 1: The authors did not
study mechanismsinvolved with frequency-
modulated weak electromagnetic fields.

Murugan NJ, Karbowski LM and Persing-
er MA: This particular pattern has been
shown, with maintained exposure in com-
bination with another field, to dissolve pla-
narian after five days of a few hours of expo-
sure per day. This pattern produces reliable
analgesia in mice, rats, and invertebrates.
This same pattern also retards several types
of cancer cell lines but does not affect nor-
mal cell lines. Hence we were more focused
upon how this particular field would affect
pH, given the role of very small changes in
pH around the membrane, in subtle elec-
trical changes in membranes. Indeed there
are changes within the gases contained
within the spring water that contributed to
the small shift in pH. However that was not
the thrust of the study.

Reviewer: Since the author utilized a fre-
quency - modulated magnetic field, the
pattern of pH might depend upon the fre-
quency. If the authors used some other fre-
quency, they might get a difference change.

Murugan, Karbowski and Persinger: As
stated above, the critical feature was the pat-
terned field because of its potency of effects
on so many different biological systems.
The issue of a “magnitude” dependence,
which we agree is a classic means of estab-
lishing relationships, such as the dose-de-
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pendence curves in radiation research, was
accommodated by the At experiment where
pH shifts collected at different increments
of time showed that the 20 to 40 ms incre-
ment was most optimal to demonstrate the
effect. This is an important result because
theoretical work from Sommerhoff to Edel-
man and the empirical work from Llinas to
our research have demonstrated the cen-
tral role of this temporal parameter in the
recursive reconstitution of cerebral cortical
fields involved with consciousness, not to
mention microstates.

Reviewer: The authors presented only a
simple experimental result on frequency-
modulated magnetic field induced pH shift
in exposed water, but too much is made of
the results.

Murugan, Karbowski and Persinger: On the
contrary, the results of this study converge
quantitatively with what is known about
water from a traditional physical chemis-
try perspective as well as the applications
within physiological systems. Discussion
sections and applications of results to more
generalized contexts, assuming the quanti-
fication is accurate, allows Science to move
forward.

Reviewer: Why was Spring Water em-
ployed?

Murugan, Karbowski and Persinger: Its
constituents more closely simulate the elec-
trophysiological condition of cells.

Anonymous Reviewer 2: The article is inter-
esting but the discussion about relationship
between spring water and brain function
is not obvious, even less so about states of
consciousness.

Murugan, Karbowski and Persinger: The
“spike” durations of the pH shifts were
within the range associated with recursive
recreation of transcerebral fields associ-
ated with consciousness as noted in the

text. In addition, the movement of proton’s
within the water matrix (which includes the
ground substance) within which neurons
and glial cells are immersed, is congruent
with the 20 to 40 ms range of pH spike du-
ration. The quantity of momentum can be
derived, according to de Broglie, from hA™
where h is Planck’s constant and A is wave-
length resulting in units of kg m s™. For a
proton (or electron) with a radius in the or-
der 10> m, the momentum becomes ~2.35
10" kg m s™ and when multiplied by the
classic rostra-caudal bulk velocity of cere-
bral cortical voltage waves (4.5 m s™, which
is the velocity required for the traversal of
rostral-caudal length, 11 ¢cm, to occur in 25
ms), the energy is within the range of 107°
J.

This is the quantum unit associated with
action potentials as well as the energy as-
sociated with the separation (about 10 nm)
between K* ions spread as a thin sheet over
the membrane to whose (inside-outside)
disparity of charge is attributed to the
source of the resting membrane potential.
(However as Pollack and others have clear-
ly indicated, interfacial water against many
types of surfaces can produce a shell of pro-
tons and a potential difference that approx-
imates the resting membrane potential). In
addition the solution v=V(E-m) for a pro-
ton exposed to this increment of energy is
remarkably approximate to the velocity of
phonons (sound pressure waves in water).

Finally even if one applied the specific in-
tensity that we employed, based upon pre-
vious effective values and theory, the results
are congruent. Assuming an average of 8 uT
and knowing that Hz=(kg A"s™ ) A:s kg™,
the solution for 810 T times 1.6:10"° A s
and the inverse of the mass of a water mol-
ecule (inverse of 30-10%7 kg) is ~40 Hz, i.e.,
the 25 ms increment.

Reviewer: How could this particular field
affect spring water, which is bulk water, and

WATER 6, 45-60, March 25th 2014 57




what is the role of gas within the water?

Murugan, Karbowski and Persinger: In
other experiments involving photon spec-
trophotometry we found that “pure” water,
that is double distilled water, did not dis-
play the shift in pH as a function of duration
exposed to this patterned magnetic field.
Although we know that “air” or gaseous
mixtures within the spring water can affect
the shift in pH over time, the critical feature
of the present experiments is that the sham-
field (control) condition involving the same
water did not display the shift associated
with the magnetic field exposures.

Reviewer: The relationship between “spring
water” and “physiologically patterned” bra-
in magnetic fields is not obvious. Can you
elaborate particularly within the context of
consciousness?

Murugan, Karbowski and Persinger: The
physiologically patterned magnetic fields
employed in this study are the ones that
have evoked clear changes in nociceptive
thresholds in mice and rats and altered
movement in planarian. When applied stra-
tegically to human brain, s_ LORETA (stan-
dardized Low Resolution Electromagnetic
Tomography) shows the types of changes
in current density that are associated with
altered consciousness. Several approaches
suggest that the nature of water movement
within brain space, as indicated by Diffu-
sion Tensor Imaging (DTI) in schizophren-
ic vs reference brains (Alba-Ferrara and de
Erausquin, Frontiersin Integrative Neurosi-
cence, 2013) and the penetration of photons
through the cerebral volume (Persinger et
al., World Journal of Neuroscience, 2013)
are a powerful correlate of consciousness.
It is well known that H* (proton) channels
exhibit powerful influence upon the dynam-
ics of the cell membrane and that a major
source of these protons is intrinsic to water
(the hydronium ion) itself. Rapid extracel-
lular alkalinization is frequently measured

at the onset of neuronal activity in the ce-
rebral cortices, the presumed substrate for
consciousness (Eder and DeCoursey, Prog-
ress in Neurobiology, 2001). In the medulla
oblongata a 0.2 pH unit decrease results in
an immediate increase in Ca** across the
entire field of astrocytes.

Reviewer: The water of “spring water” is
very different from intracellular water of
cells. Indeed “spring water” is more similar
with bulk water without interfacial struc-
ture (no membrane). Can you explain your
arguments for the similarity of “spring wa-
ter” with cellular and extracellular fluids of
the brain?

Murugan, Karbowski and Persinger: Both
intra- and extra-cellular fluids within the
brain tissue contain ions as does spring wa-
ter. The shared major ions are sodium, po-
tassium, calcium, chloride and bicarbonate.
In addition the primary range of pH in both
our solutions and brain water are remark-
ably similar.

Reviewer: Have you exposed spring water
with other external magnetic fields?

Murugan, Karbowski and Persinger: Yes,
we have exposed spring water to greater in-
tensity static magnetic fields; those results
were published in this journal by Gang, St.
Pierre and Persinger. The senior author has
also exposed spring water employing a sim-
ilar paradigm to a variety of physiologically
patterned magnetic fields. There is clear
“intensity” dependence for the rate at which
the asymptote is achieved.

Reviewer: How do you explain that static
magnetic fields also modify pH?

Murugan, Karbowski and Persinger: Given
the range of configurations and intensities
of magnetic fields one would not expect a
single mechanism to be the only means by
which they modify pH. Although one could
appreciate the importance of the 50,000
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nanoTesla static geomagnetic field and the
approximate Liboff cyclotron resonance
frequency of 45 Hz for Ca*™, the primary
frequency band associated with “conscious-
ness”, there are many likely mechanisms.
This was discussed in our previous experi-
ments with strong static magnetic fields
(Gang, St-Pierre and Persinger, 2012, this
journal).

Reviewer: Were the pattern and intensities
of the physiologically patterned magnetic
fields specific to modify pH of the exposed
spring water?

Murugan, Karbowski and Persinger: We do
not know if this pattern was “specific”. It
was selected because of its powerful impact
on cancer cells, “pain” threshold in rodents,
and capacity to alter human brain cerebral
activity as well as the “sensed presence”, a
type of “other self” frequently reported by
patients with electrical foci in the temporal
lobes.

Reviewer: Have you measured the electric
fields during your experiments?

Murugan, Karbowski and Persinger: We
have not measured electric fields from the
water. We employed magnetic fields be-
cause of the ease of penetrability through
water. The senior author observed the futil-
ity and frustration of measuring and pen-
etrating electric fields through water and
glass while he was involved with the Over-
head Power Lines Project for the State of
New York. Low frequency magnetic fields
are more easily controlled and measured.

Reviewer: The field is four times weaker
than the earth’s magnetic field and weaker
than kT. How do you explain the time-de-
pendence of the external magnetic field?

Murugan, Karbowski and Persinger: The
kT boundary has been shown, by Cifra and
others, not to be as relevant or limiting as
traditionally considered. In addition the

magnetic energy within the field is certain-
ly sufficient to affect the energies involved
with hydrogen bonds as shown in the manu-
script. The repeated application of the same
magnetic field to the same flask of water
over time appears to allow an intrinsic or-
dering to occur that we think may be analo-
gous but not equivalent to the ordering of
ions that defines the ground substance be-
tween cells. This must still be examined.

Reviewer: You make the statement “The
repeated application of the same magnetic
field to the same flask of water”; how did
you make sure that you had the same spring
water for each experiment?

Murugan, Karbowski and Persinger: The
water for all containers was obtained from
the same source (large bottles) containing
the same ID number and purchased from
the same stores.

Reviewer: Have you studied the role of gas
in the water, or out-gassed the spring water
before magnetic field exposure?

Murugan, Karbowski and Persinger: The
senior author studied the opposite, over-
bubbling air into the water samples before
applying the field. The net effect is the shift
to a more basic pH occurs almost immedi-
ately and the baseline values begin at much
higher values than following removal from
the jugs of spring water. We had noted that
samples taken from the same jug of spring
water as the jug becomes emptier showed
initially higher and higher (these are small
changes) pH values from the beginning.
However the magnetic field effect was still
much greater and larger.

Reviewer: The beakers are opened and not
sealed; moreover the duration of the mea-
surement is 12 hours. Have you prepared
the water in a glove box to ensure controlled
atmosphere? How do you know the change
is not due to alkaline compounds from the
beakers?
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Murugan, Karbowski and Persinger: We
have not prepared the samples in a glove
box. Remember that the critical feature is
that the magnetic field increased the pH
shift in very specific ways that were quite
different from the non-field samples. If
there were contaminants in the beaker they
would have leached similarly in both condi-
tions. Finally, the important feature here is
the temporal characteristics of the pH shifts
within the msec range for the magnetic field
exposed samples only.

Reviewer: Have you reversed the contain-
ers of exposed water and reference water?
The release of compounds from the beakers
could be different according to the used
beaker.

Murugan, Karbowski and Persinger: Yes, we
reversed and counterbalanced the contain-
ers (beakers or flasks) that were employed
for the different field conditions. In addi-
tion all of the glass containers were washed
before each experiment.

Anonymous Reviewer 3: Would the chang-
es occur also with dyes? Sometimes pH
measuring instruments can be influenced
in some way that is not identical to the dyes.

Murugan, Karbowski and Persinger: We
have not pursued dye mixtures or colloidal
suspensions, which are the next phase of
the experiment. Clearly we are interested
in pursuing the mechanisms that maintain
and create the interfacial water boundaries.

Reviewer: I believe the Discussion section is
too far fetched. The similarity between some
characteristics of the presented experimen-

tal results and brain neurophysiologic fea-
tures may be accidental or superficial.

Murugan, Karbowski and Persinger: We
agree that care must be taken with quanti-
tative analyses. However, what we present
here, in terms of the biophysics of brain
physiology and function is relatively well
known in modern neurophysiology. It is an
extension of the seminal work of Ruch and
Patton. The major emphasis for interdisci-
plinaryresearch and integrated perspectives
across sciences is to show the relationships,
e.g., the commonalities of the Schumann
resonance and cerebral activity. By apply-
ing what we learned from our experimental
work with spring water, presented here in
this paper, we can systematically investigate
the macro- and micro-levels of discourse in
order to a have a unified perspective.

If as Pollock implies the “intrinsic proper-
ties of water” are coupled to all of the un-
usual physical features, e.g., absorption
and emissions spectra, correlated with in-
terfacial water then this type of exploration
should show convergences between scien-
tific areas. We would not be surprised if the
extraordinary degrees and unusual physical
properties of water will ultimately explain
the most fundamental properties of mem-
branes, consciousness and the integration
between organisms and their environment.
The critical discovery we made is that by ap-
plying appropriately patterned weak mag-
netic fields whose energies match those at
the quantum levels within water quantita-
tively predictable changes occurred.

Thank you for the questions and the oppor-
tunity to answer them. m
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