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Abstract: We investigated the changes in the properties of water when exposed to sunlight for 40 days. We
hypothesize and prove that solar irradiation to water entraps electromagnetic radiation as potential energy, which
becomes kinetic energy in various systems. It is postulated that photochemically-induced energy transfers,
associated with individual spectral emission of visible spectrum of solar light, exert diverse influences on
biological systems. Bottles of distilled water, individually wrapped in spectral-colored cellophane were exposed
to sunlight and compared to an unwrapped bottle to determine chemical and physical changes as well as
modifications of biological properties. Each bottle of water was named according to the color of cellophane paper
with letter E (stands for exposed) as a prefix with (E-violet, E-indigo, E-blue, E-green, E-yellow, E-orange, and E-
red). E-control (without wrap) was exposed to polychromatic sunlight. This study addresses two main issues viz.,
the chemical and physical changes in E-water and its effect on biological activities. Chemical and physical
composition analysis using inductively coupled plasma atomic emission spectrometry; physical conductance by a
Wheatstone Bridge type conductivity meter; osmolarity by a vapor pressure osmometer; and, salt solubility profile
of 10% sodium bicarbonate were determined. Furthermore, testing the effect of E-waters on human lymphocyte
proliferation, mosquito larvae hatching and seed germination determined the functional role of solar radiation
through specific spectrum/s of visible light on various biological processes. We found that water exposed to
visible spectral emissions of sunlight had an altered elemental composition, electrical conductance, osmolarity and
salt-solubility, as well as differences in bio-modulatory effects. A gradual increase in leaching of Boron from E-
violet to E-red was noted. E-indigo showed maximal increase in electrical conductance and maximal salt
solubility of sodium bicarbonate. E-blue inhibited phyto-hemagglutinin-induced immune cell proliferation and
mosquito larvae hatching. E-orange stimulated root elongation in seed germination. We conclude that 40-day
exposure of water to specific solar spectrum changes chemical and physical properties and influences on

biological activity.
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Introduction

Water is an essential constituent of all living
organisms, and sunlight is our main source of energy [1].
There is an absolute necessity in daily life for water,
especially uncontaminated water. In order to keep water
free from life-threatening contaminants, an eclaborate
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purification system is in place in western countries that is
not found feasible in some Third-World countries where
the water sources usually have fecal contaminants.
Exposure of contaminated water to sunlight can be
sterilizing [2-5]. The process is dependent upon the
composition of the vessel, as well as intensity and time
of exposure [2]. Placing bottled (plastic/glass) water in
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sunlight for a minimum of 5 hrs and up to a maximum of
48 hrs has been scientifically shown to detoxify and
decontaminate water infected with bacteria and viruses
[3-5]. Extended times of exposure to sunlight for
approximately six weeks, has been used for solarization
of soil [6].

Water alone has also shown potential for healing.
Healing with water containing various additives as
calcium chloride, magnesium sulfate, sodium
metasilicate and sulfated castor oil has been patented by
Willard [7]. In ancient times, water, after exposure to
direct sunlight and filtered through colored glass, was
used as a therapeutic modality [8]. The action of sunlight
on bottled water, as used in the sterilization study, had
been reported as irreversible and documented by the
inability of coliforms to re-grow after placing the
exposed bottled water in the dark storage [4]. However,
biomodulatory and physico-chemical effects of
individual spectrums of visible light on water have not
been characterized.

It is our hypothesis that solar irradiation to water
entraps electromagnetic radiation as potential energy
which becomes kinetic energy in various systems. The
central hypothesis tested in this paper assumed that
photochemically-induced energy transfers, associated
with individual spectral emission of visible spectrum of
solar light, exert diverse influences on biological
systems. To test this hypothesis, sterile water in
unopened capped plastic bottles (which allows 50% light
transmission as per the information provided by the
manufacturer) was used. Dye-impregnated cellophane
paper covering clear glass or translucent (50%) plastic
was used as an absorption filter to selectively allow
exposure of semi-monochromatic light to water in these
bottles. The cellophane wrapped bottles were exposed to
sunlight through violet, indigo, blue, green, yellow,
orange, and red colored cellophane paper in an open
environment in an upright position. Each of the exposed
(E) water was named according to the color of the
cellophane paper, e.g., E-violet, E-indigo, E-blue, E-
green, E-yellow, E-orange, E-red (Figure 1). E-control
was exposed to polychromatic sunlight. Thus, the sun
provides the heat in the daytime while in the absence of
sun lower temperatures occur during nighttime. In
essence, this provides a constant cycle of evaporation
and condensation in the enclosed plastic bottle. Further,
water when irradiated by the sun is exposed to
decreasing amounts of energy of radiation; violet being
high frequency of light energy whereas red is of lower
frequency and higher heat index. After the exposure of
40 days, the bottled water was wrapped with aluminum
foil to protect from exogenous irradiation.

The overall aim of this study is to scientifically
investigate the changes in the properties of water when
exposed to sunlight for 40 days. This study specifically
addresses the chemical and physical changes in exposed
(E) water, and its effect on biological activity. The
potential biological significance of changes in the E-
waters was determined by testing their effect on: 1)
lymphocyte (human peripheral blood) proliferation, 2)
mosquito larva (Anopheles) viability and 3) seed
(Diolichos Uniflorous) germination.
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Methods
Preparation of Water

Sterilized distilled water in sterile translucent (50%
transparent) plastic (a co-polymer of 98% polypropylene
and 2% polyethylene) bottles was obtained from Baxter
(Deerfield, Illinois). Double-distilled water was
obtained from the laboratory, and well water was
obtained from a well in Columbus, Texas. The double-
distilled water was placed in sterile 500-ml clear glass
media bottles. Each of the glass bottles was then heat-
sterilized in an autoclave at 121°C for 15 minutes, and
wrapped in cellophane of a different color. Well water
was used to fill cleaned 16-ounce clear glass sterilized
bottles, and heat sterilized. Bottles were cellophane-
wrapped corresponding to the visible individual spectral
colors of violet, indigo, blue, green, yellow, orange, and
red. The colored cellophane color distribution in the red
(600-700nm), green (500-600nm) and blue (400-500nm)
filter was measured on TQC90, a color transmission and
reflection densitometer, Electronic Systems Engineering
Company, Inc. (Cushing, OK). Violet wrap had 38%
transmission (T) in the red filter, 12% T in the green
filter and 55% T in the blue filter. Similarly indigo wrap
had 4% T in red filter, 54% T in green and 79% T in
blue; blue wrap had 27% T in red filter, 41% T in green
filter and 52 % T in blue filter; green wrap had 6% T in
red filter, 50% T in green filter and 10% T in blue filter;
yellow wrap had 49% T in red filter, 44% T in green
filter and 13% T in blue filter; orange wrap had 83% T in
red filter, 54% T in green filter and 3% T in blue filter;
red wrap had 74% T in red filter, 0% transmission in
green filter and 4% transmission in blue filter. Controls
included one unwrapped bottle of each type of water;
i.e., well water and double-distilled. The distilled water
and well-water were exposed to sunlight from July
through August in Columbus, Texas. The double-
distilled water in plastic bottles was exposed to sunlight
from October through November in Jackson,
Mississippi. Bottles (minimum of two bottles for each
cellophane paper) were exposed to sunlight for 40 days
and thereafter the bottles were placed in the dark to
avoid unwanted light exposure without removal of
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cellophane. All experiments used water obtained from
plastic bottles except for studies in germination.

Chemical Composition and Salt Solubility

For chemical composition analysis, eight E-water
samples were placed in 15-ml sterile tubes wrapped with
aluminum foil to protect them from further exposure to
radiation. These samples were sent to NASA-Marshall
Space Flight Center, Huntsville, AL for analysis using
inductively  coupled plasma atomic  emission
spectrometry (ICP) [9].

Salt solubility of 10% sodium bicarbonate was
evaluated in each of the eight E-waters. Eight 15 ml
sterile polystyrene tissue culture tubes were filled with 1
gram of sodium bicarbonate and 10 ml of the different E-
waters at room temperature. The tubes were vortexed to
dissolve the solute. After 24 hours, solubilization was
determined macroscopically.

Physical Conductance and Osmolarity

Physical conductance of each E-water was measured
using a Wheatstone Bridge type conductivity meter.
Osmolarity of E-waters was determined using the
Wescor 5100 vapor pressure osmometer, Wescor, Inc.
(Logan, UT).

T cell Prolifération

Lymphocytes were incubated with phytohemagglutinin
(P), a T cell mitogen, in presence or absence of E-waters.
In a cell proliferation assay [10], peripheral blood (10ml)
was obtained from healthy subjects and lymphocytes
were  purified using  ficol-hypaque  gradient.
Lymphocytes were removed, washed and resuspended in
RPMI 1640 containing 1%penicillin, 1%streptomycin
and 10% fetal bovine serum using standard laboratory
procedures. A mixture of 2 x 10°cells in 100u] was
plated into each well of a flat-bottom 96-well plate and
incubated both with media alone and media
supplemented with phytohemagglutinin at 10ng per ml.
Ninety pl of E-water group was plated into their
respective wells in triplicate. Ten ul of 10x phosphate
buffered saline (PBS) was placed in each well to make
the solution isotonic. The samples were incubated for 3
days at 37°C, pulsed with 1uCi of tritiated thymidine,
harvested after 18 hours onto filter paper, and
radioactivity was determined in a beta counter.

Mosquito Larva Viability

Mosquito larvae, particularly the IV-in stared stages
of the Anopheles species, were removed from an outdoor
stagnate water supply and ten larvae were placed in 12-
well plates for viability testing. These ten mosquito
larvae were mixed with 500ul of pond water plus 500ul
of E-water covering the full spectrum of light. The E-
waters were diluted 1:10 and 1:100 where the dilutions
were made with unexposed distilled water (Baxter,
Deerfield, IL). The plates were incubated for 10 days
(normal hatching time for mosquito larvae) at room
temperature for normal morphogenesis to take place and
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the viability was determined at 24, 48, 72, 96 and 240
hours. A mosquito was considered viable if the wings
had emerged. The experiments were performed twice in
triplicate. Data shown in the Table 2 were observations
from t = 24 hrs, 48hrs, 72 hrs, 96 hrs. The experiment
was carried out for 10 days (240hrs), however, no
difference was noted between 96 and 240 hrs (data not
shown). Three conditions were tested for each time
period, i.e., the mosquito larvae were incubated with
undiluted E-water plus two dilutions of E-water at 1:10
and 1:100.

Seed Germination

Eight petri dishes were filled with 7 grams of
Horsegram (Dolichos Uniflorous) seeds [11]. Each petri
dish with a 4 x 4 cm cotton gauze was filled with a
different E-water (25 ml), and the seeds were allowed to
incubate at room temperature for up to 48 hours. In this
experimental design, the effects of energy on the
material of the container (transparent versus translucent),
season of incubation (summer versus fall), and the type
of water (well water versus distilled water) were tested.
Three types of water were tested viz., a) distilled water
in plastic bottles (DWPB; fall), and b) well water in glass
bottles (WWGB; summer) and c) distilled water in glass
bottles (DWGB; summer). The cotyledons of the seeds
were measured (in millimeters) from their point of
visible emersion. The seeds were then incubated for an
additional 24 hours and measured again. Three separate
experiments were performed in duplicate, one using well
water, one using sterilized double-distilled water in
sterilized transparent glass bottles, and one using
sterilized distilled water in sterilized translucent plastic
bottles (Commercially available from Baxter).

Statistical Analysis

Statistical analysis was performed by one-way
ANOVA for multiple samples by multiple comparison
(turkey test) or by Student’s-t-testing with matched
pairing if appropriate, as well as regression analysis.

Results

First, the chemical analysis was performed on 72
elements (Table 1A) of which only boron, calcium,
magnesium and rubidium showed coefficient of
variances (CV) greater than 10 when compared to E-
control (Table 1B). In particular, boron concentration in
parts per billion (ppb) steadily increases from E-Violet
water (13,137 ppb) to E-Red water (27,563 ppb), while
E-control  corresponded to 12,536 ppb. The
compositional distribution of Boron according to the
photon energy in electron volts (eV) has been depicted in
Figure 2. The Binomial equation for the compositional
distribution of boron which gives the best fit is:

y = 9E-09x” - 0.0005x + 7.4297, with an

R?=0.9793, where

y = photon energy in electron volts (eV), and

x is the atomic mass (ppb).
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Table 1A: List of 72 elements analysed by Inductively Couple Plasma Spectroscopy.

Ag Al As Au B Ba Be Bi C

Ca Cd Ce Co Cr Cs Cu Dy Er
Eu Fe Ga Gd Ge Hf Hg Ho I

In Ir K La Li Lu Mg Mn Mo
N Na Nb Nd Ni Os P Pb Pd
Pr Pt Rb Re Rh Ru S Sb Sc
Se Si Sm Sn Sr Ta Tb Te Th
Ti Tl Tm A% w Y Yb Zn Zr

Table 1B: Variation of elements contained in spectral irradiated distilled water as measured by Inductively Couple Plasma
Spectroscopy (PPB).

Control,  Violet 400nm Indigo 450nm Blue 500nm Green 550nm Yellow 600nm Orange 650nm Red 700nm

El Polychromatic 3.1eV 2.76eV 2.48eV 2.25eV 2.07eV 1.91eV 1.77eV v
B 12536 13137 14497 15582 17054 19079 22598 27563 22
Ca 40 33 19 12 16 13 28 49 43
Mg 32 30 13 13 13 11 15 15 37
Rb 108 103 74 76 81 79 79 76 12
El = element

33 water changes the solubility profile. The solubility

= showed a variable pattern where the sodium bicarbonate

' solubility of E-control was between E-green and E-blue.
231 BORON Interestingly, E-indigo exhibited maximal solubility
= ) while E-orange exhibited greatest insolubility (Figure 3).
=251
-EQ.S 1
o = 9E08x2 - 0.0005¢ + 74287

o R2=0.9753, Bnomial

191

1.? T T T T T T T T

1000 4000 18000 18000 000 22000 4000 26000 B0 30000
AMoric ks Units (ppb)

Figure2: Distribution profile of boron leeching from the
plastic bottle into the water after exposure to specific

photon energy of visible spectrum of light Figure 3: Each tube contains 1.0 gram of sodium
bicarbonate with different E-water. Macroscopic
The pH of different E-waters was determined and found evaluation exhibits maximum solubility with E-I and

to be about 5.5. The addition of sodium bicarbonate to maximal insolubility with E-O.
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Physical conductance of each E-water as measured,
using a Wheatstone Bridge type conductivity meter, was
found to be five-fold higher in E-Indigo than in E-control
(p<0.01; Figure 4).

Figure 4: The Conductivity of different E-waters using
conductance meter (Wheatstone Bridge). Measurements
were taken in triplicate and are represented as Mean =+
SD.

A gradual increase in osmolarity between E-Violet
and E-Yellow; and between E-Orange and E-Red was
noted (Figure 5A). However, E-Yellow, E-Orange and

70.0

o o )
o bod b
=Y =3 =)

Osmolarity (mmol/Kg)

o
bd
=3

45.0

Figure 5A: Osmolarity study of different E-waters by
Osmometer. Measurements were taken in triplicate and
are represented as Mean + SD.

E-Red waters exhibited higher osmolarity when
compared with E-control. The binomial equation for the
distribution of osmolarity which gives the best fit is:

y=0.0054x" - 0.7335x + 26.931, with an

R* = 0.9325, where

y = photon energy in electron volts (eV), and
x is the osmolarity (mmol/Kg) (Figure 5B).
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Figure 5SB: Mathematical Relationship between photon
energy and osmolarity of different E-waters

Second, the effect of E-water on T cell proliferation
was assessed. T cells in media alone and in the presence
of P, are considered as base value (Figure 6). While
most E-water tests showed some degree of suppression
of T-cell proliferation, E-blue showed complete
inhibition of PHA stimulated T cell proliferation. The
viability of cells was >90% in all conditions as measured
by trypan blue, suggesting that the inhibition in
proliferation was not due to some toxic reagent.
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Figure 6: The proliferative responsiveness of peripheral
blood T cells with different irradiated waters to
phytoheamagglutinin (P). Cells were incubated with
media, media + P and with media + P + E water passed
through 0.22p filter. The experiments were done thrice
in triplicates and are represented as Mean + SD.

Third, the impact of the irradiated water on the
growth of mosquito larvae was assessed. Data shown in
Table 2 are observations from t=24 hrs, 48hrs, 72 hrs, 96
hrs. The experiment was carried out for 10 days (240
hrs), however, no difference was noted between 96 and
240 hrs (data not shown). These studies indicate that E-
violet and E-indigo showed similar values to E-control

66.0
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Table 2: Mean = S.D. of % mosquito larvae survival in differing concentrations of E-waters at t=24, 48, 72 and
96 hours

Control Violet Indigo Blue Green Yellow Orange Red
Undiluted 33+21 33121 33+19 0+0 0+0 100 £ 00 97+5 100+ 0
1:10 33+21 33+21 13+£8 0+0 0+0 100+ 0 93+£10 47+£10
1:100 33+21 12+6 13+£8 0+0 00 37+29 90 £ 16 0+0
t=24 hrs

Control Violet Indigo Blue Green Yellow Orange Red
Undiluted 33+24 33+24 30+21 0+0 0+0 100 £ 00 97 +£2 100 £ 00
1:10 33+24 33+24 13+9 0+0 0+0 100 £ 00 97 +£2 50+ 10
1:100 33+24 10+£7 13+£9 0+0 00 67+12 935 0+0
t =48 hrs

Plain Violet Indigo Blue Green Yellow Orange Red
Undiluted 33+24 33+24 30+21 0+0 75 100 £ 00 97 £2 100 =00
1:10 33+24 33+24 13+9 0+0 0+0 100 £ 00 97 +£2 5342
1:100 33+24 10+£7 27+19 0+0 00 67 £2 935 33+24
t=72 hrs

Control Violet Indigo Blue Green Yellow Orange Red
Undiluted 33+24 33+24 30+21 0+0 30+21 100 + 00 97 +2 100 £ 00
1:10 33+24 33+24 27+19 0+0 30+21 100 + 00 97 +2 73+9
1:100 33+24 13+£9 30+21 0+0 875 73+£9 97 £2 33+£23
t=96 hrs

Table 3: Mean + SD in millimeters of the growth of cotyledons of gram beans following incubation with E-waters at t=48
and 72 hrs. Mean of E-control is compared to other E-waters for enhanced growth by multiple comparison procedure
(Turkey test). Three types of water tested were viz; Distilled-water in plastic bottles (DWPB), Well-water in glass bottle

(WWGB) and Distilled-water in glass bottle (DWGB).

Control Violet Indigo Blue Green Yellow Orange Red

DWPB  0.78+0.10 1.32+£0.21 1.54+0.18 1.38+£0.22 090+0.15 194+020 2.51+029 0.17+0.05
NS p <0.05 p <0.05 p <0.05 P <0.05 p <0.05 p <0.05

WWGB 8.0+2.1 45+1.2 72+1.9 02+0.2 1.6+£0.60 4.0+1.50 80+£2.5 09+0.6

NS NS
DWGB 0.1£0.0 56+1.2 44+1.38 09+0.6 1.8+1.20 39+23 57+1.8 02+0.2
p <0.05 p <0.05 NS p <0.05 p <0.05 p <0.05 NS
t =48 hrs

Control Violet Indigo Blue Green Yellow Orange Red

DWPB 24403 3.8+04 3.6+0.4 3.1+0.5 2.7+0.3 52+05 7.1+0.7 0.6 +£0.01
p <0.05 p <0.05 p <0.05 P <0.05 p <0.05 p <0.01

WWGB  209+32 23.1+35 260£49 10.7+2.1 29+1.1 32.6+6.2 458+4.7 43+1.7
NS p <0.05 p <0.05 p <0.05

DWGB 6.1£1.0 23.5+4.1 250+54 28=+1.1 6.6+£6.7 16.6 4.8 343+1.5 1.4+0.6
p <0.001 p <0.001 NS p <0.05 p <0.001

t=72hr
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for viability when tested undiluted, while E-blue and E-
green greatly inhibit larval growth for up to 72 hours. E-
yellow, E-orange and E-red promoted the hatching of
mosquito larvae, except E-red in dilutions of 1:10 and
1:100. E-control showed only 1/3 hatching compared to
E-green after 96 hours (Table 2). E-blue completely
abolished larvae growth in the three concentrations
tested (undiluted, 1:10, 1:100).

Finally, the effect of E-water on seed germination
was investigated (Table 3). After 48 hours of incubation,
the seeds in the DWPB showed significant enhanced
growth (p<0.05) with E-indigo, E-yellow, and E-orange,
while seeds in the DWGB showed enhanced growth with
all colors when compared to E-control. WWGB showed
growth in E-violet, E-indigo, E-green, E-yellow and E-
orange after 48 hours but not in E-blue or in E-red. In
contrast, after 72 hours, the seeds in the DWPB showed
the most significantly enhanced growth with the E-
yellow and E-orange water (p<0.05, <0.01 respectively).
The WWGB showed enhanced growth with E-yellow
and E-orange and the DWGB showed enhanced growth
with E-violet, E-indigo, E-yellow (p<0.05) and E-orange
(p<0.001). E-red water suppressed seed germination at
72 hours in all the three water groups tested.

Discussion

Plastic vessels allow only 50% transmission of light
while glass vessels allow about 90% transmission. This
means that there is more solar energy delivered in glass
versus plastic. In germination experiments we
demonstrated that maximal root elongation and minimal
root eclongation were independent of the vessel i.e.,
plastic vs glass but were dependent on the wavelength of
light rather than intensity. Thus, implying that the
energy transfer is dependent on the wavelength rather
than the amount of sunlight the vessel receives. Also the
effect of organic material like plasticisers for example
dibutyl pthalate and other esters used in the synthesis of
plastic bottles is not known. Whether the variation of
conductance, osmolarity, salt-solubility and chemical
composition of the different types of water had any
impact on the germination process, mosquito larva
survival, or cell proliferation requires further
investigation. Likewise, the influence of lunar
irradiation, if any cannot be ascertained. Classically,
electronic transition like n—n, 7—n* and n—n occur in
the ultraviolet region which can lead to photolytic effect
of water but the outcome of these transitions in the
visible spectrum is unknown. It is possible that the
photochemical effect observed could have been a
thermal effect based on solar spectral irradiance ([2].
This postulate cannot be authenticated because the
temperature of the E-waters in the bottles was not
recorded during the experiment. The conductivity,
mosquito hatching, T cell-data, some ICP data and the
osmolarity data seem to mimic the solar energy spectrum
with a maximum effect in the blue-green region.
Furthermore, the E-waters were tested at least three
months after being at room temperature where the
thermal effect if any, would have been equilibrated.
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Since boron is constantly increased in concentration
from violet to red, the change in elemental concentration
could possibly be due to the overall excess heating by
red cellophane paper, which allows more leaching. It is
not known whether the leached elements were present
due to the process of the manufacture of the
polypropylene-polyethylene plastic. On the other hand,
we know that the distilled water was handled in the same
manner for all test-bottles.  Since the elemental
composition is different after 40-day exposure at certain
wavelengths of sunlight, there is an implication that there
is a solar effect causing leaching of some components
contained in the plastic. Further investigation is on
going to determine the source of boron and other
elemental composition after irradiation. Swiss studies,
however, have shown that photoproducts are formed
after solar exposure on the outer surface of the plastic
bottle and that no substances hazardous to the health are
leached into the water through the bottle [4]. In contrast
to the Swiss study, in our study we report leaching of
elements into the water [3].

The exposure of water to sunlight has no influence on
the pH of water. It has been reported that a solution of
sodium bicarbonate in 10 parts of water is soluble at
25°C with a resulting pH of 8.3 when freshly prepared
[13]. Thus, using sodium bicarbonate solubility as an
example at room temperature, we are at the edge of
solubility in which the solute must be fairly soluble.
Whether the greater insolubility of the E-orange water as
compared to E-control was due to density clouds of
water molecules increasing the forces of repulsion, or
whether the forces of attraction of the sodium
bicarbonate were reduced is not known. Attractive forces
in the molecular structure of sodium bicarbonate may
have undergone changes in order to sediment rather than
solubilize as observed with E-orange. The ion-dipole
interactions seem to be predominant in terms of
increasing AH of solubility. In other words there is
maximal enthalpy of solution (AH) for E-indigo while E-
orange has minimal enthalpy of solution in our study.
This is a clear-cut indication that exposure to specific
solar spectrum energizes the water resulting a change in
the pattern of salt solubility.

Leached chemicals such as boron, calcium,
magnesium and rubidium appear in such minute
quantities (ppb) as would not cause difference in
conductance. Thus, the increased conductance such that
we observed with E-indigo must be due to some
modification by the irradiation process. Because there is
no significant contribution of the concentration of
elements, it is reasonable to assume a constant current,
implying that the voltage generated by the red
cellophane-wrapped bottled water would be greater than
the voltage generated by the indigo cellophane-wrapped
bottled water (voltage x conductance = current). Thus,
the differences in voltages would cause a potential
difference, meaning that energy is trapped in the water
and manifesting as a potential difference. It is very
unlikely that the difference in conductance is due to the
impurities that create differences in ionic composition
due to the use of distilled water which is devoid of
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contamination. It is noteworthy to mention that in a
separate study; only E-yellow reacted with prostate
related substance in the urine of cohort of patients with a
serum prostate specific antigen in the range of 0.21-4.0
ng/ml [14].

Elements present in the water contribute to the
osmolarity of E-water. The added total of all elements in
the system such as the leached chemicals contribute
minimally. Considering boron by itself, concentration
ranges from 1.16 mM baseline (control) to 2.55 mM in
E-red while the sums of the other elements are in the
nanomolar range. Such low concentration of the leached
chemicals as measured in these waters would not
account for this difference in osmolarity, which was
found after the irradiation. Thus, the alteration in
osmolarity that we observed is related to some unique
phenomenon which is not defined by the elemental
composition of the tested waters.

Healing is associated with the immune system. In
disease eruptions, suppression of an immune response
via the T cell network, is of utmost importance in various
instances as in transplant immunology and autoimmune
diseases. Data on T cell proliferation demonstrated that
E-blue showed maximal inhibition of PHA stimulated T
cell proliferation by a non toxic mechanism. The
immunosuppression of T cells lends credibility to the
possibility of a particular E-water to be of importance in
a disease paradigm.

Solar energy has been used to detoxify water infected
with viral and bacterial contamination [2-5]. However,
solarized water has not been used to address the problem
of mosquito biology. Since mosquitoes can spread
disecase the issue of mosquito control is of great
importance. All mosquitoes spend their larval and pupal
stages in water and our study has used this observation to
study mosquito viability. These studies indicate that E-
violet and E-indigo showed similar values to E-control
for viability when tested undiluted, while E-blue and E-
green greatly inhibit larval growth for up to 72 hours. E-
yellow, E-orange and E-red promoted the hatching of
mosquito larvae, except E-red in dilutions of 1:10 and
1:100. E-control showed only 1/3 hatching compared to
E-green after 96 hours (Table 2). The most interesting
finding was that E-blue completely abolished larvae
growth in the three concentrations tested (undiluted,
1:10, 1:100). The abolishment of mosquito larva in E-
blue water at different dilutions provides evidence to the
possibility of spraying stagnant waters with the E-blue
water to destroy mosquitoes.

Water is the most abundant ingredient of active plant
cells [10]. Seed germination does not require sunlight or
soil, but it requires water [10]. Germination aids in the
hydrolysis of the complex into simple sugars that are
readily utilized in the synthesis of auxins and proteins
[15]. The auxins help to soften cell walls to facilitate
growth and the proteins are readily utilized in the
production of new plant tissues [15]. Thus, germination
when accelerated is capable of improving crop yield and
boasting farmers income in agricultural industry
involved in growing crops such as tomatoes
(Lycopersecum  esculentum  Mill) and tamarind

Int. J. Environ. Res. Public Health 2005, 2(2)

(Tamarindus indica L) [15, 16] Our germination studies
showed that regardless of the vessel at 72 hours, E-
orange enhanced while E-red inhibited seed germination
when compared to E-control. Results indicate that a
change took place independent of the source of water
(well water versus double distilled), type of container
(plastic or glass), or the season of the year (summer
versus fall). Distilled water when compared to well water
has a reduced load of microorganisms. The change in
photochemical property of well water in comparison to
distilled water maybe due to the presence of
microorganisms in the well water. The mode of energy
transfer however, as these investigations indicate, seems
to be governed by a process independent of the presence
of bacterial and viral contaminants. In both well and
double distilled water at 72 hours with E-orange there
was a maximal activation of seed germination. Thus,
change in the pattern of seed germination by E-water
appears to be solely dependent on the wavelength of
sunlight rather than the type or source of water used. E-
orange showed enhanced growth both in plastic
containers and glass containers

Conclusion

In conclusion, in this paper we have shown that:1)
exposure of water to specific solar spectrum for a period
of 40 days alter a) boron concentration, b) A H of
solubilization with sodium bicarbonate, c¢) E-indigo
induced five-fold greater conductivity in the water when
compared to the effect of E-red, d) osmolarity, e) T cell
proliferation by total suppression of mitogen stimulated
T cell proliferation by E-blue, f) mosquito larva hatching
abolished by E-blue but not other E-waters, and g)
germination with E-orange giving the maximal elongation of
bean roots. Additionally, our results (Figure 5SA and B)
suggest for a unique phenomenon of osmolarity change
without involvement of the concentration of the solutes
present in the water. This is the first study to show that
the penetration of sunlight through specific colored
cellophane wrapped bottles changes chemical, physical
and biological properties of water.

Modulation of
Biological Properties

Chemical Properties | ' Physical Properties

ICP spectroscopy Conductance T cell proliferation

Salt Solubility- AH Osmolarity  Mosquito larva Hatching
Germination
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Figure 7: Maximum changes in properties of water as
specific wavelength range.
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The results of these changes are summarized in
Figure 7. There is strong indication that 40-day
incubation in sunlight results in storing solar energy as
potential energy, which can be utilized as kinetic energy
in various biological systems. These results are novel
and open new possibilities for the investigation and
understanding of the role of exposed water through
different colors of the solar spectrum for plant, insects
and human life.
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