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Abstract

Sweat discharged as a result of exposure to sauna plays an important role in removing inorganic ions accumulated in the
body, including heavy metals. In this study, inorganic ions (toxic and nutrient elements) excreted in the form of sweat from
the body using a water-filtered infrared-A (WIRA) sauna were determined using inductively coupled plasma sector field mass
spectrometry. The analyzed elements included eight toxic elements (Al, As, Be, Cd, Ni, Pb, Ti, and Hg) and 10 nutrient ele-
ments (Ca, Co, Cr, Cu, Fe, Mg, Mn, Se, V, and Zn), and their correlations were determined. Analysis of the sweat obtained
from 22 people using the wIRA sauna showed a higher inorganic ion concentration than that obtained from conventional
activities, such as exercise or the use of wet sauna, and the concentration of toxic elements in sweat was higher in females
than in males. Correlation analysis of the ions revealed a correlation between the discharge of toxic elements, such as As, Be,
Cd, and Ni, and discharge of Se and V, and Ni was only correlated with Mn. This study provides fundamental information
on nutritional element supplementation when using wIRA sauna for detoxification.
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Introduction (Maynar-Marino et al. 2018). Thus, saunas could provide
cardiovascular benefits and elimination of toxic elements for

A sauna induces thermal stress in the body and increases  those living in climatic environment with limited exercise

peripheral circulation as peripheral resistance decreases by
approximately 40%. Increased peripheral blood flow via a
sauna is equivalent to that achieved by moderate exercise
and heat exchange with the skin, including diaphoresis
(Vuori 1988). There is also evidence that aerobic exercise
significantly favors to remove toxic elements from the body
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options in winter or in confined environment owing to infec-
tious diseases, such as COVID-19. The use of saunas has
been promoted worldwide owing to its health benefits; some
common types of saunas include Roman baths, Aboriginal
jjimjilbangs, Scandinavian saunas (dry heat, 40-60% relative
humidity), and Turkish baths (with steam).

An infrared (IR) sauna, which is a recently developed dry
sauna, uses IR rays to heat exposed skin tissue and can main-
tain an ambient temperature that is lower than that of other
sauna methods. An IR sauna positively influences blood
pressure in the body. In a study by Masuda et al. (Masuda
et al. 2004), patients with coronary artery problems were
provided with an IR sauna at 60 °C for 15 min daily for
2 weeks. The participants who received the IR sauna had sig-
nificantly lower systolic blood pressure than those who did
not (mean, 110 vs. 122 mmHg). Participants who received
daily IR sauna therapy also had lower 8-epi-PGF2-alpha
levels, suggesting lower oxidative stress. Ikeda et al. (Ikeda
et al. 2005) reported an increase in nitric oxide production
due to repeated IR saunas, which reduced blood pressure.
Moreover, sweat discharged from exposure to saunas plays
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an important role in removing heavy metals accumulated
in the body (Genuis et al. 2011). Sheng et al. (Sheng et al.
2016) analyzed the urine and sweat of 17 residents living
near streams (Zhenjiang City, China) that contained high
concentrations of heavy metals (Pb, Zn, Cd, Co, Ni, and Cu).
They observed that the heavy metal concentrations in the
urine and sweat samples of the residents who exercised were
lower than those of the residents who did not exercise, and
the heavy metal concentration in sweat was higher than that
in the urine of participants. In addition, Genuis et al. (Genuis
et al. 2011) analyzed the blood, urine, and sweat discharged
through exercise and sauna by 20 participants. They found
that Cu, Mn, Ni, U, Pb, Co, Cr, Al, Zn, and Hg were dis-
charged more in sweat than in urine, and TI, As, Se, and Mo
were excreted through urine rather than through sweat.

Water-filtered infrared-A (wIRA) is a type of radiation
that uses water to absorb infrared-B and infrared-C rays,
which have long wavelengths, and separate IR-A rays. It has
a high penetrating power into tissues, such as in human skin.
Therefore, it is possible to deliver more energy to the deep
regions of tissues with wIRA than with infrared rays, which
are not filtered by water (Piazena and Kelleher 2010; Piazena
et al. 2014). wIRA rays can penetrate the skin tissue of the
body to a depth of approximately 2-3 cm. A study on clini-
cal treatment using wIRA irradiation showed positive results
in patients with ulcus cruris and superficial skin tumors,
effectively inhibiting pain and maintaining body tempera-
ture in newborns (Akca et al. 1999; Hiirlimann et al. 1998;
Hoffmann 1994; Sugrue et al. 1990).

Sweat excreted through exercise or sauna can remove
heavy metals from the body, but at the same time causes
nutrient loss owing to the release of nutrients such as Ca and
Mg. Since the body needs to replenish its nutritional supply,
it is necessary to understand the intercorrelation between
nutrients lost due to the excretion of heavy metals from the
body. Therefore, in this study, inorganic ions (including toxic
elements) present in body sweat discharged using a wIRA
sauna were first identified, and their relationship with the
discharged inorganic ions was analyzed.

Materials and methods
Participant recruitment

Participants were randomly recruited from among visitors
in Sunhan Hospital (Gwangju, Korea) between January and
May 2020. All participants had a clear understanding of the
content and purpose of the experiment before commencing
the study. Prior consent was obtained for the provision of
information, and the collected data does not require Institu-
tional Review Board (IRB) approval. The exclusion criteria
were as follows: minors under the age of 18, people older

than 70 years, patients with major health problems (such
as tuberculosis), patients diagnosed with inflammatory or
infectious diseases within the last 6 months, those with skin
conditions (eczema, psoriasis, and contact dermatitis), and
those who did not consent to participate in the experiment.
A total of 22 participants (6 men, 16 women) had an aver-
age age of 46.9 years (2.97 Std. Err.), and 21 patients had
underlying conditions, such as headache, diabetes mellitus,
and cancer. The demographic and clinical characteristics of
the participants are summarized in Table 1.

Experimentation using wiRA sauna

The wIRA sauna device used to determine the inorganic
element discharge characteristics from the body was a cap-
sule-type device equipped with multiple lamp tubes using
multiple halogen lamps in the shape of a bulb (Fig. 1). The
wIRA-based thermotherapy device used in this study has a
chamber shape with a lid of about 2.00 m in width X 0.66 m
in length X 1.00 m in height. A total of 12 sets (18 per set)
of halogen lamps (220 V, 28 W) for generating near-infra-
red rays were installed inside. The IR-A (wavelength range:
780-1400 nm) rays used in this study were separated from
the IR rays generated by halogen lamps using a water-filter-
ing method that circulates water in the lamp tube. Sweat dis-
charged by the participants through the sauna was collected
using a gravity-draining sweat collection storage device, and
the collection was conducted for 30 min. The amount of
sweat collected for 30 min was about 20 to 80 mL, which
was about 0.1% of body weight, and the change in body
weight was negligible. The sauna device was operated at
room temperature, and the internal temperature of the device
was maintained between 38.5 and 42.0 °C and the humid-
ity was kept below 30%. Participants were asked to remove
foreign substances from their skin by showering up to 6 h
before the sauna and not apply moisturizers such as lotions
to their skin after showering. They were also asked not to
engage in strenuous exercise or labor that would make them
sweat after showering.

Sample collection and analytic methods

Sweat (at least 20 mL) from all body parts of the par-
ticipants was collected using a sweat collection cham-
ber installed in the wIRA sauna device. The sweat sam-
ples were stored in a— 20 °C freezer in capped 50 mL
glass vials until analysis. Pre-treatment of the samples
for quantitative analysis of the concentration of inor-
ganic ions involved the preparation of a mixed solution
of 1 mL of the sweat sample and 9 mL of aqua regia
(nitric acid: hydrochloric acid =3:1). A closed-vessel
microwave-assisted digestion device (Mars6, CEM Cor-
poration, USA) was used at a power of 1000 W, sample
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Table 1 Demographic an.d . No. Sex Age Clinical diagnosis Height Weight BMI*

genera? c.hmcal characteristics (year) (cm) (kg) (kg/m>)

of participants
1 F 58 Knee pain 154 55 23.19
2 M 41 Gastritis 173 73 24.39
3 F 64 Knee pain 157 59 23.94
4 F 58 Endometrial cancer 162 58 22.10
5 F 26 Wrist pain 173 63 21.05
6 M 50 Cerebral infarction 165 75 27.55
7 F 52 Neck pain 157 62 25.15
8 F 26 Healthy 154 47 19.82
9 F 54 Headache 156 56 23.01
10 F 49 Anemia 153 50 21.36
11 F 61 Gallbladder stone 156 53 21.78
12 M 56 Diabetes mellitus 167 67 24.02
13 F 41 Back pain 161 62 23.92
14 M 63 Headache 171 56 19.15
15 M 41 Diabetes mellitus 179 91 28.40
16 F 42 Hyperlipidermia 153 50 21.36
17 F 34 Herpes 165 51 18.73
18 F 30 Headache 164 55 20.45
19 F 28 Fatigue 160 45 17.58
20 F 64 Arthritis 155 65 27.06
21 F 27 Gastritis, benign paroxysmal 165 72 26.45

positional vertigo

22 M 67 Gastric cancer 170 56 19.38

BMI, body mass index

temperature of 200 °C, and irradiation for 60 min (Rodu-
shkin et al. 2004). Chemical analysis was performed using
inductively coupled plasma sector field mass spectrom-
etry (ELAN 9000 ICP/MS, Perkin Elmer, USA) to deter-
mine the concentration of inorganic ions in the pretreated
sample. The elemental analysis included the analysis of
eight toxic elements (Al, As, Be, Cd, Ni, Pb, Ti, and Hg)
and ten nutritional elements (Ca, Co, Cr, Cu, Fe, Mg, Mn,
Se, V, and Zn). Analysis of the samples was performed
in triplicate, and a one-tailed ¢-test was conducted at a

Fig. 1 Digital image of the wIRA sauna device used in this study
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95% confidence level (p <0.05) to confirm the difference
between groups in a specific direction with superior sta-
tistical power.

Results and discussion
Effect of wIRA sauna on inorganic ions excretion

The concentrations of toxic elements in the sweat collected
in this study were comparable with those reported in pre-
vious studies (Table 2). The results of this study showed
higher concentrations for Hg (34.8 times), As (18.0
times), Pb (6.8—496.6 times), Cd (4.2-418.6 times), and
Ni (8.9-11.4 times) than other studies (Table 3) (Genuis
et al. 2011; Sheng et al. 2016; Siquier-Coll et al. 2020a;
Tang et al. 2016). However, since the experimental condi-
tions cannot be the same for each literature, more careful
attention is needed in comparing the concentrations of
discharged heavy metals. Siquier-Coll et al. (Siquier-Coll
et al. 2020a) conducted an experiment at a temperature
similar to that used in this study (~42 °C). The concentra-
tions of Cd and Pb in the sweat from this study were 24.8
times and 8.3 times higher, respectively. Conversely, Kuan
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Table 2 Statistics of chemical analysis results for inorganic ions in
collected sweat samples (unit: pg/L)

Toxic Nutritional
Elements Mean Std.Err  Elements Mean Std.Err
Al 559493 493.74 Ca 38,577.00  3568.06
As 102.36 16.69 Co 32.55 3.90
Be 22.81 539 Cr 1551.80 62.32
Cd 29.30 6.11 Cu 759.26 68.79
Ni 876.29 7549 Fe 16,607.34  2067.75
Pb 312.85 29.84 Mg 8949.23 618.18
Tl 1.49 0.36  Mn 195.99 17.81
Hg 29.90 2.03 Se 68.14 13.14
\" 58.50 7.01
Zn 1247.80 162.25

Std. Err., standard error

et al. (Kuan et al. 2022) reported that the removal of heavy
metals from the body through dynamic exercise could be
more effective than removal through static exposure to a
hot environment.

When the thermal load applied to the body through
sauna increases, the body activates heat-consuming mech-
anisms such as sweating. At this time, blood flow to the
skin increases by approximately 5-10% and cardiac output
increases by 60-70% (Hannuksela and Ellahham 2001;
Leppiluoto 1988). The IR generated from the wIRA sauna
device has a high skin penetration ability and hence can
react with the eccrine sweat glands of the coiled tubu-
lar glands under the skin surface more effectively than a
conventional sauna (Levisky et al. 2000), consequently
increasing the concentration of heavy metal ions in dis-
charged sweat. Although the amount of sweat collected
for 30 min was at least 20 mL, the presented data has

a limitation that the amount of sweat was not corrected
because the concentration was included in 1 mL of the
sweat sample.

Sweat characteristics according to gender
and clinical diagnoses

The concentrations of toxins and nutrients in excreted
sweat were compared according to the sex of the partici-
pants. Although the age of male (mean age of 53.0 years,
standard error [Std. Err.] of 4.48) was higher than that of
female (mean age of 44.6 years, Std. Err. of 3.63), the aver-
age concentration in sweat was higher in female than in male
(Table 4). These results can be attributed to the fact that
females generally sweat less than males (Smith and Havenith
2012). However, there was no statistical difference in the
data for each element (p > 0.05). Nonetheless, these results
corroborate those of previous studies. Sheng et al. (Sheng
et al. 2016) analyzed the concentration of heavy metals
in the blood of local residents near rivers containing high
concentrations of heavy metals. Baker (Baker 2017) stated
that body mass, body composition, sex, menstrual cycle
phase, maturation, aging, medications, medical conditions,
and genetics play an important role in the characteristics of
ions in sweat discharged due to exercise and sweating. In a
study by Genuis et al. (Genuis et al. 2011), inorganic ions
in the sweat of participants (9 men, 11 women) discharged
through exercise and sauna (including steam and infrared
sauna) were analyzed. They found that the concentrations of
As, Al, Bi, Co, Cr, Cu, Mn, Mo, Ni, Pb, and Zn were higher
in women than in men.

In the sweat of participants with severe diagnoses such as
cancer (#4, #22), cerebral infarction (#6), and diabetes (#12,
#15), the average concentration of all components except for
Zn was up to 35% lower (Al (0.95), As (0.80), Be (0.83), Cd

Table 3 Comparison of

. . Elements  This study Genuis et al. Sheng et al. Tang et al. Siquier-Coll et al.
Conceptratlon ana%yms results (Genuis et al. (Sheng et al. (Tang et al. (Siquier-Coll et al.
of toxic elements in collecteq 2011) 2016) 2016) 2020a)
sweat samples (this study) with
other (reference) data (unit: Al 5594.93 5100.55 _ _ _
he/l) As 102.36 5.7 - - -

Be 22.81 - - - -

Cd 29.3 7.02 0.552 0.07 1.18
Ni 876.29 100.84 78.764 - -

Pb 312.85 31.04 45.808 0.63 37.86
Tl 1.49 0.11 - - -

Hg 29.9 0.86 - - -
Method wIRA sauna  Exercise Exercise Exercise Sauna

Steam sauna
Infrared sauna

@ Springer



18264

Environmental Science and Pollution Research (2023) 30:18260-18267

Table 4 Average of chemical

; . . Toxic Nutritional
analysis results for inorganic
ions in collected sweat samples Elements Female Male F/M ratio Elements Female Male F/M ratio
(unit: pg/L) according to gender
Al 5715.96 5272.20 1.08 Ca 40,833.00 32,561.00 1.25
As 109.47 83.41 1.31 Co 34.44 27.51 1.25
Be 24.81 17.48 1.42 Cr 1573.05 1495.12 1.05
Cd 32.35 21.18 1.53 Cu 820.33 596.41 1.38
Ni 907.33 866.81 1.05 Fe 17,269.09 14,842.67 1.16
Pb 326.20 277.26 1.18 Mg 9359.19 7856.00 1.19
Tl 1.61 1.17 1.38 Mn 202.31 179.15 1.13
Hg 30.66 27.85 1.10 Se 73.02 55.11 1.33
\% 62.19 48.69 1.28
Zn 1192.15 1396.20 0.85

F/M, female to male

(0.76), Ni (0.93), Pb (1.00), T1 (0.78), Hg (0.97), Ca (0.65),
Co (0.85), Cr (0.96), Cu (0.78), Fe (0.91), Mg (0.87), Mn
(0.90), Se (0.83), V (0.89)) than that of participants with
mild diagnoses such as knee pain, headache, and anemia,
etc. It might be due to the effect of sweating response to
medication that interfere with neural sudomotor mechanisms
(e.g. anticholinergics and antidepressants such as amitripty-
line) (Baker 2017). Interestingly, the excretion of Zn (1.50)
was increased, and this opposite trend was consistent with
the comparison according to gender (Table 4). Although sta-
tistical significance was not found for most of the elements,
only Ca showed a significant difference (p <0.05) among
the participants.

Correlation between inorganic elements

This study tried to focus on the correlation between toxic
and nutritional elements contained in the same amount of
sweat (1 mL), and a correlation analysis was performed
to determine the correlation between nutrients and toxic
elements in sweat discharged via wIRA sauna (Table 5).
Among the eight toxic elements, the discharge characteris-
tics of Al, Pb, and Hg were not related to those of the nutri-
ent elements. However, As, Be, Cd, and T1 were positively
correlated with Co, Se, and V (correlation coefficient of 0.7
or higher), and Ni was only correlated with Mn (correla-
tion coefficient of 0.98). In particular, the nutrient elements
Se and V showed very high correlation coefficients of 0.9
or more with As, Be, and Cd. This indicates the need to
supplement the body with nutrients, as Se and V are dis-
charged simultaneously with toxic elements when using
wIRA sauna. In a similar study, Siquier-Coll (Siquier-Coll
et al. 2020b) also reported that supplementation of Zn and

@ Springer

Se may be necessary in hot environments. Based on cor-
relation analysis, a relationship diagram is presented for the
highly correlated nutrient elements Se and V and the toxic
elements As, Be, and Cd (Figs. 2 and 3). Se and V showed
very high determination coefficients (0.8684-0.9857) for
the toxic elements As, Be, and Cd. In addition, Mn exhib-
ited a determination coefficient of 0.9446 for Ni (Fig. 4).
This indicates that the concentrations of Se, V, and Mn in
the body decrease when toxins are discharged from the
body through sweat using the wIRA sauna. Meanwhile, the
usefulness of sweat components as biomarkers for human
physiology is currently limited (Baker 2019). Therefore,
more studies are needed to determine the potential rela-
tionship between sweat composition and physiological
mechanisms.

Conclusion

In this study, the characteristics of inorganic ions in sweat
discharged using a wIRA sauna were analyzed to remove
toxic elements accumulated in the body. The findings are
as follows:

(1) Chemical analysis of the concentration of inorganic
ions in sweat discharged from the skin of 22 partici-
pants using the wIRA sauna device was performed. Al
was detected among the toxic elements, whereas Ca,
Fe, and Mg were detected among the nutrient elements
at relatively high concentrations. The detected concen-
trations were higher than those obtained in previous
studies using sweat discharged through exercise and
wet saunas.
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Fig.2 Relationship between Se and other toxic elements in excreted
sweat

(2) The characteristics of inorganic ion excretion from
sweat were determined according to the sex of the par-
ticipants. The average concentration of toxic elements
in the sweat of females was higher than that of males,
although the males were older than the females on aver-
age.

(3) Correlation analysis to determine the correlation
between nutrient elements and toxic elements in sweat
showed that the characteristics of Al, Pb, and Hg (toxic
elements) were not related to the nutrient characteris-
tics. However, As, Be, Cd, and TI were correlated with
Co, Se, and V, and Ni was only correlated with Mn.
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Fig.3 Relationship between V and other toxic elements in excreted
sweat
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