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—— The use of deep seawater (DSW) in thalassotherapy has begun in Japan. To
clarify the health effects of DSW on the human body, we investigated the changes
in plasma lactate and pyruvate concentrations, or subjective judgment scores, after
bathing at rest in 9 healthy young men. Subjects were immersed for 10 minutes
in DSW, surface seawater (SSW), and tap water (TW) heated to 42°C. Plasma
samples were collected before bathing, immediately after bathing, and 60 minutes
after bathing. The scores were obtained by an oral comprehension test. In the
DSW bathing, plasma lactate and pyruvate concentrations showed no significant
changes immediately after bathing or 60 minutes after bathing. In contrast,
subjects who bathed in SSW showed a significant decrease in lactate concentra-
tions 60 minutes after bathing compared with immediately after bathing. Sub-
jects who bathed in TW showed a significant increase in lactate concentrations
immediately after bathing compared with before bathing, and they showed a
significant decrease in lactate and pyruvate concentrations 60 minutes after
bathing. We found no significant change in the thermal sensation score in the
DSW bathing, though significant differences were found between before and
immediately after bathing in the SSW and TW groups. Moreover, the score
decreased significantly 60 minutes after bathing compared to immediately after
bathing in the TW bathing. Higher concentrations of salts contained DSW such
as sodium, nitrate-nitrogen, phosphate-phosphorus, and silicate-silicon may have a
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good influence on human health. Although additional studies are needed to
support our findings, DSW is the mildest water to the human body among the three
kinds of water, since no significant changes in the items measured were found only

in DSW, ——
subjective judgment

© 2003 Tohoku University Medical Press

We have been conducting research on the
health effects of deep seawater (DSW) collected
from the Japan Sea. This water is called
Japan Sea Proper Water. First, we have
demonstrated that the administration of diluted
DSW to mice caused increased serum IgG and
glucose values, as compared with values
obtained after administration of purified water
(Tsuchiya et al. 2002). Second, we have con-
ducted experiments to clarify the association
between hot DSW bathing and changes in the
immune cell distribution of peripheral blood
(unpublished). As a series of experiments to
clarify the characteristics of DSW, the present
study was carried out to examine the changes in
plasma lactate and pyruvate concentrations,
and the subjective judgment scores after taking
a bath in DSW as compared with the effects of
bathing in surface seawater (SSW) or tap water
(TW).

In general, hot spring bathing is useful for
maintaining hygiene, improving blood circula-
tion, and mitigating muscular fatigue and pain
because of the water’s warm temperature, pres-
sure, and buoyancy effects (Ueda 2001).
Recently, the use of DSW in thalassotherapy
has begun in Japan. The efficacy of seawater,
sea mud, and seaweed for the treatment of some
diseases has been shown in previous studies
(Tsubaki et al. 1994; Nissen et al. 1998; Harari
et al. 2000). Moreover, some studies regarding
the effects of balneotherapy at the Dead Sea
have been published (Sukenik et al. 1994; El-
kayam et al. 2000; Buskila et al. 2001;
Neumann et al. 2001; Evcik et al. 2002). On the
other hand, an association between hot water
bathing and claimed subjective fatigue has pre-

deep seawater; hot water bathing; plasma lactate and pyruvate;

viously been observed (Kiuchi et al. 1983). In
other words, conflicting information has been
gathered regarding the health effects of hot
water bathing.

Seawater and human serum are of similar
composition (Linder 1991). In addition, DSW is
very pure, is rich in several types of inorganic
nutrient salts, and has low temperature stability
(Sasaki 2001). We therefore hypothesized that
DSW would be beneficial to the human body.
To our knowledge, however, no study has been
published regarding the health effects of hot
DSW bathing. The present study was initiated
to clarify the changes in blood examination
values and subjective judgment scores caused by
taking a hot DSW bath. More specifically, we
examined the changes in plasma lactate and
pyruvate concentrations, and in the scores of
thermal sensation, the degree of fatigue, and the
comfort level after hot DSW bathing.

The reasons why lactate and pyruvate
concentrations are taken into consideration are
as follows. First, it is known that repeated hot
spring bathing causes a decrease in blood
lactate concentrations (Yamana et al. 2002), and
that the decreased lactate concentrations can
relieve fatigue. The change of plasma lactate
concentration after bathing may be able to
evaluate the degree of recovery from fatigue.
Second, Lactate and pyruvate are produced in
the glycolytic pathway. Lactate is produced
by anaerobic glycolysis, and pyruvate is oxid-
ized aerobically in mitochondrion. These con-
centrations are used to evaluate the strenuous-
ness of exercise or the degree of fatigue
(Eastham 1985). The changes of plasma
lactate and pyruvate concentrations may be
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able to evaluate the degree of fatigue after
bathing.

The aim of the present study was to clarify
the changes in plasma lactate and pyruvate
concentrations, or the subjective judgment
scores after hot DSW bathing without exercise
tolerance. The results regarding DSW bathing
were compared with those in SSW and TW
bathing.

SUBJECTS AND METHODS

Subjects

A total of 9 healthy male students with a
mean age of 19.3 years (s.n., 1.0), a mean height
of 170.7 cm (s.pn., 3.3), and a mean weight of
61.9 Kg (s.p., 10.4) agreed to participate in this
study. Written informed consent was obtained
from each subject immediately after they were
informed of the purpose of the study and the
potential risks involved, including fluctuations
in blood pressure after bathing, and blood col-
lection three times daily. The subjects were
asked to take their last meal at least 12 hours
before participating in this study. The Ethics
Committee at Niigata University School of
Medicine approved our methods.

Collection of DSW and SSW

DSW and SSW were collected from respec-
tive depths of approximately 300 meters and 10
meters in the Japan Sea (37.50-38.00°N latitude;
138.30-138.45°N longitude), using the DSW-
drawing system developed jointly by HONMA
Co., Ltd,, and KITAC Corporation (Niigata).
Water was collected in plastic containers and
sent immediately to our laboratory. The water
was used within 5 days.

Experimental procedure

This study was performed using three kinds
of water and two bathtubs for three consecutive
days; the experiment, which took place
between 8:00 am. and 12:00 am. was
repeated five times daily in July 2002. After
two different types of waters were poured into

the two bathtubs, two subjects were bathed in
numeric order. The subjects were not told
which type of water was used and were tested
at the same time for three consecutive days to
avoid the influence of physical conditions or the
circadian rhythms of leukocytes (Abo et al.
1981).

The experimental procedure was as fol-
lows: two experimental bathtubs (1.0x0.6%0.5
m depth) made of fiber-reinforced plastic were
set up in a prefabricated bathroom (2.1 xX5.3x2.3
m height), where the temperature was
maintained at 32+1°C and the relative humidity
was kept at 70+19 during the experiment.

The subjects entered a prefabricated wait-
ing room (2.1x5.3xX2.3 m height), where the
temperature was maintained at 27+2°C and the
relative humidity was kept at 56+295. Here,
subjects rested for 30 minutes before the start of
the experiment. The first blood sample (4 ml)
was collected from the median cubital vein of
each subject. Thermal sensation, the degree of
fatigue, and comfort level were recorded at that
time. Thermal sensation was evaluated using
the following categories (Houghton and
Yagloglou 1923; Yoshida 1978): (1) cold; (2)
cool; (3) slightly cool; (4) neutral; (5) slightly
warm; (6) warm; (7) hot; (8) very hot. The
degree of fatigue (Nakamura et al. 1996) and
comfort level (Winslow et al. 1937; Hardy 1970)
were evaluated as follows: for the degree of
fatigue, (1) not tired; (2) hardly tired; (3) slightly
tired; (4) tired; (5) very tired; for the comfort
level, (1) very pleasant; (2) pleasant; (3) indiffer-
ent; (4) unpleasant; (5) very unpleasant.

Water was poured into the bathtub. The
water temperature was set at 42°C at the start of
the experiment and was regulated by a
temperature-control device throughout the
experiment. The subject moved from the wait-
ing room to the bathroom and immersed himself
in the bathtub with his legs extending forward.
The surface of the water in the bathtub reached
the level of the diaphragm. The bathing
continued for 10 minutes.  After bathing for 10
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minutes, the subject left the bathtub and moved
to a prefabricated resting room (2.1 X5.3X2.3 m
height) where the temperature (26+1°C) and the
relative humidity (55+19) were controlled, the
latter by an air conditioner. The subject rested
immediately on a reclining chair, at which time
a second blood sample (4 ml) was collected.
Thermal sensation, the degree of fatigue, and
comfort level were recorded at that time.
After drying themselves thoroughly with a
towel, the subjects moved to the waiting room
and dressed, then rested and relaxed there until
the third blood collection (4 ml) was performed
60 minutes after bathing. At this point, each
subject was again asked to report his subjective
judgments.

Analysis of blood samples

Approximately 2 ml of blood sample was
transferred into an anti-coagulation tube
containing NaF and EDTA-2K for the determi-
nation of lactate and pyruvate concentrations.
The sample was centrifuged at 3000 rpm for 2
minutes immediately after mixing the blood
with the anti-coagulants. Plasma was separat-
ed immediately after the centrifugation and
stored at minus 80°C until determination. An
automatic analyzer (Clinical Analyzer 7150,

Tokyo) was used for the determination of
plasma lactate and pyruvate concentrations.
Reagents (Determiner LA, Determiner PA) and
calibrators were purchased from Kyowa Medex
Co., Ltd. (Tokyo).

The residual blood sample was transferred
into an anti-coagulation tube containing EDTA-
2Na for the determination of hemoglobin (Hb)
to evaluate the hemoconcentrations after bath-
ing. An automated hematology analyzer (SF-
3000, Sysmex Corporation, Kobe) was used for
the determination of Hb.

Statistical analysis

All statistical procedures were performed
using Statistical Analysis System software
(SAS Institute Inc., Cary, NC, USA). To com-
pare the mean, absolute, and relative values
between repeated measurements, or among
three water groups, we used repeated measures
analysis of variance (ANOVA). Differences
were considered significant when the p-value
was less than 0.05.

RESULTS

Table 1 shows the values of key parame-
ters in Japan Sea proper Water. No evident
differences between DSW and SSW were found

Hitachi High-Technologies Corporation, other than SSW having higher values of water
TasLe 1. Values of key parameters in Japan Sea Proper Water
Parameter Unit Deep seawater Surface seawater
Temperature °C 5.0 13.7
pH 8.1 7.7
Salinity %o 34.1 33.2
Dissolved oxygen mg/liter 5.1 7.3
Total organic carbor  mg/liter 1.8 2.0
Nitrate (NOs-N) mg/liter 1.29 0.11
Phosphate (PO,-P) mg/liter 0.18 0.05
Silicate (Si0,-Si) mg/liter 1.34 0.02

Potassium mg/liter 392 392
Calcium mg/liter 519 515
Magnesium mg/liter 1420 1370
Sodium mg/liter 10361 9872
Chloride mg/liter 19400 18 800
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temperature and dissolved oxygen, while DSW
had higher values of nitrate-nitrogen,
phosphate-phosphorus, and silicate-silicon.
Table 2 shows the hot water bathing-
induced changes in lactate, pyruvate and Hb
concentrations. Plasma lactate concentrations
showed no significant changes in the DSW
bathing. However, the values increased signifi-
cantly immediately after bathing compared to
before bathing in TW (»<0.01), and decreased
significantly 60 minutes after bathing compared
to immediately after bathing in the SSW (p <
0.05) and TW (p<0.01) groups, though no signif-
icant differences were found among the three
water groups under the three conditions.
Plasma pyruvate concentrations showed a
significantly lower value 60 minutes after bath-
ing compared with immediately after bathing in
TW (»p<0.01). No significant differences were

obtained in the lactate/pyruvate ratio in the
present study.

Hb concentrations increased immediately
after bathing in the three water groups compar-
ed with before bathing, though a significant
difference was found in TW (p» <0.05), and then
significant decreases were found between imme-
diately after bathing and 60 minutes after bath-
ing in the three water groups. Moreover, the
values showed a significant decrease 60 minutes
after bathing compared with before bathing in
TW (»<0.05). However, significant differ-
ences were observed between DSW and TW
before and immediately after bathing (» <0.01)
between SSW and TW under the three condi-
tions (p <0.01).

As shown in Table 3, the relative changes
were calculated as the percentage of the value
obtained before bathing to clarify the changes in

Tasre 2.  Hot water bathing-induced changes in blood examination

values

Before bathing

After bathing

60 minutes after bathing

Lactate (mmol/liter)

DSW 0.85+0.18 1.00+0.25 0.79+0.30

SSW 0.86+0.18 0.96+0.13 0.73+0.211

T™W 0.83+0.15 1.04+0.18** 0.72+0.09%*
Pyruvate (mmol/liter)

DSW 0.064+0.019 0.079+0.036 0.057+0.020

SSW 0.064+0.012 0.073+0.019 0.056+0.023

T™W 0.062+0.017 0.075+0.027 0.056+0.01971
Lactate/Pyruvate ratio

DSW 13.7+1.8 145454 14.3+£4.0

SSW 13.7+2.5 14.6+5.7 16.4+11.7

T™W 13.9+3.5 15.9+6.6 14.4+5.1
Hemoglobin (g/liter)

DSW 1.53+0.11 1.55+0.11 1.51+0.12"°

SSW 1.52+0.12 1.53+0.12 1.50+£0.127°

T™W 1.58+0.13 1.61+0.13* 1.554+0.13* "

DSW, deep seawater; SSW,

water.

surface seawater; TW, tap

Each value represents mean-+sp. of 9 subjects.

Significant differences compared to the value before bathing
are indicated by *p <0.05, **» <0.01.

Significant differences compared to the value immediately
after bathing are indicated by "p<0.05, "7»<0.01.
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TaBLe 3. Relative changes in lactate, pyruvate, and Hb concentrations

Before bathing  After bathing 60 minutes after bathing

Lactate
DSW 100 120426 91+27
SSW 100 116 +27 86 +287
T™W 100 128 +24** 89+1711
Pyruvate
DSW 100 128+51 94+ 36
SSW 100 114429 88+35
TW 100 117428 89+18"
Hemoglobin
DSW 100 10142 99+2°
SSW 100 10142 99177
T™W 100 102+2* 98277

DSW, deep seawater; SSW, surface seawater; TW, tap water.

Each value represents mean-+sp. of 9 subjects.
The relative changes were calculated as the percentage of the

value obtained before bathing.

Significant differences compared to the value before bathing
are indicated by *p <0.05, **» <0.01.

Significant differences compared to the value immediately
after bathing are indicated by "p<0.05, "7»<0.01.

lactate, pyruvate, and Hb concentrations caused
by hot water bathing because the initial values
among the three water groups were different.
Concentrations peaked after bathing and retur-
ned to the value before bathing in the three
water groups.

Lactate concentrations increased 289 with
statistical significance immediately after bath-
ing compared with before bathing in TW (p <
0.01), though the values in DSW and SSW in-
creased 2096 and 169§, respectively, with no
significances. Then, the concentrations in
SSW and TW decreased 309 (p < 0.05) and 399
(»<0.01) with statistical significance 60 minutes
after bathing compared with immediately after
bathing, respectively.

Pyruvate concentrations in TW decreased
2696 with statistical significance 60 minutes
after bathing compared to immediately after
bathing, though no significant changes were
observed in the DSW and SSW groups.

Hb concentrations in TW increased 294

with statistical significance immediately after
bathing compared with before bathing, and the
values in the three water groups decreased 2-
494 with statistical significance. However, we
observed no significant differences in the rela-
tive changes in Hb among the three water
groups under the three conditions. Changes in
lactate and pyruvate concentrations immediate-
ly after bathing and 60 minutes after bathing
were greater than the changes in Hb concentra-
tions.

Table 4 shows the changes in the subjective
judgment scores. Thermal sensation scores
showed significantly higher values immediately
after bathing compared with before bathing in
the SSW (»<0.01) and TW (»<0.01) groups,
and a significantly lower value 60 minutes after
bathing than after bathing in TW (»<0.01).
No significant changes in DSW were found
between repeated measurements. However,
significant differences were found between SSW
and TW before and after bathing, and between
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TABLE 4.

Changes in subjective judgment scores

Before bathing

After bathing

60 minutes after bathing

Thermal sensation

DSW 3.89+0.87 5.00+1.83 3.56+0.96

SSW 3.44+0.68 5.00+0.94** 411+0.74

T™W 4.89+1.20 6.78+0.42** 4.674+0.9471
Degree of fatigue

DSW 2.00+0.67 2.44+0.50 2.00+0.67

SSW 2.33+0.67 2.56+0.68 2.33+0.67

T™W 2.89+0.31 3.11+0.74 2.67+0.67
Comfort level

DSW 3.00 2.56+0.68 2.67+0.67

SSW 2.78+0.42 2.78+0.42 2.33+0.67

T™W 3.22+0.63 3.00+0.67 2.67+0.47

DSW, deep seawater; SSW, surface seawater; TW, tap water.
Each value represents mean+sp. of 9 subjects.
Significant differences compared to the value before bathing

are indicated by **p <0.01.

Significant differences compared to the value immediately
after bathing are indicated by "7p <0.01.

Scores indicate: for thermal sensation (1) cold; (2) cool; (3)
slightly cool; (4) neutral; (5) slightly warm; (6) warm; (7) hot; (8)
very hot, for the degree of fatigute (1) not tired; (2) hardly tired; (3)
slightly tired; (4) tired; (5) very tired, for comfort level (1) very
pleasant; (2) pleasant; (3) indifferent; (4) unpleasant; (5) very un-

pleasant.

DSW and TW immediately after bathing and 60
minutes after bathing. No significant changes
in the scores for the degree of fatigue and
comfort level in the three water groups were
found between repeated measurements. The
score for the degree of fatigue in TW, however,
was significantly higher than that in DSW under
the three conditions, and than that in SSW after
bathing. No significant differences in the
comfort-level scores were found among the
three water groups under the three conditions.

DISCUSSION

The health effects of bathing on the human
body have been studied from physical, chemical,
and pharmacological points of view (Otsuka
2001). Previous studied have demonstrated
that whole-body bathing in water temperatures
42°C or hotter causes increases in heart rate,
cardiac output, and blood viscosity (Shirakura

et al. 1993; Otsuka 2001). The ingredients in
hot springs are absorbed into the body through
the skin. It is also well known that the muriat-
ed hot springs have an advantage over mineral
water in maintaining a constant body tempera-
ture (Otsuka 2001; Ueda 2001). Despite Japan
being surrounded by the sea, the use of DSW in
thalassotherapy has just begun. However, lit-
tle has been reported regarding the health
effects of DSW as the water for bathing. We
therefore carried out this study to clarify
whether DSW is useful to people as the water
for bathing by determining the changes in
lactate and pyruvate concentrations after bath-
ing in the 42°C water for 10 minutes.

The reasons we selected the 42°C bathing
condition and the 10-minutes bathing time are
as follows: Japanese people can take a hot
water bath for a comparatively long time, and
favor a water temperature of approximately
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42°C for bathing (Otsuka 2001). A previous
study has determined that subjects feel pain in
the 42°C bath after 10 minutes or longer
(Tanaka et al. 1990).

Hot water bathing at 42°C or hotter has the
effect of enhanced activity of the sympathetic
nervous system (Otsuka 2001). It may also,
however, have negative effects on human health
such as fatigue and positive effects such as the
producing a physically and psychologically
active condition. A previous study has demon-
strated that the rate of claimed subjective
fatigue increased in a 41-42°C group immediate-
ly after bathing, but decreased 20 minutes later
(Kiuchi et al. 1983). Very few studies of the
changes in lactate and pyruvate concentrations
after bathing at rest have been published,
though there have been many studies of the
changes after bathing in connection with exer-
cise tolerance.

Lactate and pyruvate are critical metabolic
products in the human body. Blood lactate
concentration is a function of two factors:
lactate production in the body and removal
from blood circulation. Peripheral vasodilata-
tion and muscle contraction are caused after
taking a bath. Subsequently, blood circulation
is improved and synthesis from lactate to glu-
cose is promoted. As a result, lactate concen-
trations decrease.

First, we wanted to confirm whether the
changes in plasma lactate and pyruvate concen-
trations were caused by the hemoconcentration,
since hot water bathing for a long period of time
can cause hemoconcentration due to the
increase in diaphoresis. To explore the possi-
bility of an interaction between bathing and
hemoconcentration, we examined Hb concen-
trations before, immediately after, and 60 min-
utes after bathing. As shown in Table 2, the
changes in Hb concentration immediately after
bathing or 60 minutes after bathing among the
three water groups were 1-29§ at most, while
those in lactate and pyruvate were 14-289%.
Therefore, the changes in lactate and pyruvate

concentrations after bathing could be caused
primarily by other factors rather than the
hemoconcentration.

Peripheral vasodilatation after hot water
bathing can supply the blood underneath the
skin surface voluminously based on the vasocon-
striction. Consequently, it can lead to a defi-
ciency in sufficient blood volume to excrete
waste products such as lactate and pyruvate.
Previous studies have demonstrated that plasma
lactate concentrations show a tendency to
decrease after bathing compared with concen-
trations before bathing in the bathing-after-
exercise tolerance test (Yorozu et al. 1986; Ueda
and Yazaki 2000). Our study showed that
lactate and pyruvate concentrations increased
immediately after bathing compared with
before bathing, though no significant changes
were found in the DSW and SSW groups. This
opposite result may be due to difference in
physical condition before bathing. The lactate
concentrations increased by exercise tolerance
will be decreased after bathing through the
promotion of synthesis from lactate to glucose.
However, in the resting state, the value after
bathing will increase due to the decrease in
removal from blood circulation by the hemocon-
centration and so on. In the bathing-after-
exercise tolerance test, it is believed that the
rate of decrease in lactate concentrations is
higher than that of the increase after bathing.
This is one of the reasons that the lactate
concentration after bathing decreased. On the
contrary, in the resting state, the concentrations
will increase after hot water bathing and then
decrease while the subject rests for 60 minutes.

It is worthy of note that significant differ-
ences in lactate and pyruvate concentrations
between repeated measurements in the TW
bathing were observed. Some studies of the
possible association between lactate or pyruvate
concentrations and fatigue (Davies et al. 1986;
Dengler et al. 1996; Blomstrand and Saltin 1999;
LeBlanc et al. 2002) have found that these con-
centrations increase after strenuous exercise



Health Effects of Hot Deep Seawater Bathing 209

and then rapidly decrease (Eastham 1985).
Because of these findings, determinations of
lactate and pyruvate concentrations are used to
evaluate the strenuousness of exercise or the
degree of fatigue. Significant increases in
lactate concentrations after TW bathing may
be related to the development of fatigue.

Both DSW and SSW contain approximate-
ly 3.59 salt (Ogawa and Fujimoto 2002). After
DSW and SSW bathing, this salt remains on the
skin and can prevent evaporation of sweat,
thereby keeping the body temperature warmer.
A previous study has examined the association
between mean skin or body temperature and the
concentration of seawater components, and has
found a significant positive association between
temperature and mineral concentrations (Shim-
izu et al. 1998). The differences in the amounts
of sweat after bathing are probably caused
between TW and DSW, or SSW. A previous
study has demonstrated that the amount of
sweat on the forehead after TW bathing is
slightly greater than that after DSW and SSW
bathing (Shimizu 2002). Human sweat nor-
mally contains approximately 15 mmol/liter
lactate (Eastham 1985). Thus, the decreased
lactate concentrations in TW bathing must be
at least somewhat related to the increased
sweat volume.

In TW bathing, significant differences in
pyruvate concentrations 60 minutes after bath-
ing compared with immediately after bathing
were also found, though the changes in pyruvate
were similar to those in lactate among the three
water groups. The increase in pyruvate con-
centrations is caused by the degradation of
sugar primarily after strong exercise (Eastham
1985). Additional results regarding the change
in pyruvate concentrations may be obtained
from a similar exercise-tolerance study. How-
ever, we should be careful in interpreting the
results regarding pyruvate concentrations, as
there are many metabolic pathways in
pyruvate.

Our questionnaire asked for opinions

regarding thermal sensation, the degree of
fatigue, and comfort level. The mean score
following DSW bathing did not show a signifi-
cant change in thermal sensation, while it did
show a significant increase after SSW and TW
bathing, and subjects reported a significant
decrease in thermal sensation 60 minutes after
the TW bathing. Several studies have
examined the effect of warm baths on the
maintenance of body temperature. They have
demonstrated that minerals have moisturizing
action to keep the skin surface moist (Hertig et
al. 1962; Shimizu et al. 1995). Our findings
support these reports, since there were no
significant changes in thermal sensation scores
between immediately after bathing and 60 min-
utes after bathing in the DSW and SSW groups,
though significant differences were found with
TW bathing. The heat of evaporation sequen-
ced on the evaporation of sweat may be the
cause of this difference.

To our knowledge, this study was the first
to examine the changes in lactate and pyruvate
concentrations after hot DSW bathing.
Although additional studies are needed to sup-
port our findings, DSW appears to be the
mildest water to the human body among the
three kinds of water, since only in DSW were no
significant changes observed in the items mea-
sured. Our next trial will be a similar study
using tepid water. Previous studies have sug-
gested that tepid water bathing has a greater
effect on fatigue and physiological indexes than
hot water bathing (Kiuchi et al. 1983;
Nakamura et al. 1996). An experiment in tepid
water would help to clarify the efficacy of
DSW.
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