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Investigation on the characteristics of the different types of

tourmaline for mineralogical applications

Yan Jie

Department of Environmental Geosciences, The Graduate School,

Pukyong National University
Abstract

Tourmaline is a type-of silicate mineral, and-the only mineral which
has the permanent electrical property in- natural “state. Therefore,
expanding its -application in- the areas of environment and health
protections | depending on its physical, chemical and spectroscopic
properties has great significance.

In this study, black tourmaline produced in China, black and pink
tourmalines produced in Brazil and black tourmaline produced in Korea
as well as jade“minerals such as jadeite, nephrite, serpentine and agate
produced in China, nephrite: produced in Korea, - serpentine produced in
North Korea and nephrite produced in Russia were analyzed and their
nuclear resonance characteristics were identified through -electron
microscopy(SEM) observation, X-ray diffraction(XRD) analysis, X-ray
fluorescence(XRF) analysis, inductively coupled plasma spectroscopy
(ICP) analysis, Fourier transform Raman spectroscopy(FT-Raman)
analysis, far-infrared(FIR) analysis, nuclear magnetic resonance(NMR)
analysis and anion(IC) analysis. In addition, the tourmaline and jade

minerals for mineralogical, chemical and optical properties, and
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spectroscopic characteristics for the radiated energy were examined. In
order to investigate the health effects of surfactant characteristics, a
questionnaire survey, that how tourmaline-containing soap affects the
skin of fifty individuals, were carried out.

By observing through polarized light microscopy and electron
microscopy, tourmaline shows columnar crystalline or granular
aggregate pattern. Striation developed in the vertical direction due to
the difference of the generated environment are also observed. By
analyzing the studied -samples’ formula, unit cell absorption coefficient
and infrared spectral characteristics, the Korean sample.is categorized to
the iron tourmaline, and the China and Brazil ones ‘represent the
characteristics of the magnesium tourmaline.

According to the results from chemical composition analyses, the
tourmaline is categorized two types. The one shows that Fe is
dominant in " Y-site. where .metal element distributed and the other
shows that Al is dominant in that site. Furthermore, the two elements
indicate appropreate correlation. As Al content is-increased, Mg content
is also increased while Fe content is decreased. The composition ratios
of K/Ca, and Na/K also show reasonable correlations. Fe/B content
ratio in a solid solution indicates same pattern. CaO / (CaO + NacO)
and MgO/(FeO+MgO) content ratios show highly positive correlation.
Tourmaline produced in different regions has various microelements and
those concentrations which are relatively low. In case of jade mineral,
Russian nephrite has very high content of Cr, Cu, and Zn categorized

the environmentally toxic heavy metals compared to the ones produced
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in other regions.

The reactions between water and tourmaline, and water and jade
mineral show that the pH and Eh play a regulatory role and the
values of pH and DO(dissolved oxygen) increase with the reaction time
prolonged. The more the content added to tourmaline, the higher the pH
value, and then it finally gets stable at pH = & In case of tourmaline,
DO is lower than that of jade mineral and its values vary widely.

The DO wvalue in tap water reacted with tourmaline powder 1is
slightly increased during the initial six hours, then dramatically
reduced after one day( < DO = 9.6 ), and gradually increased from the
third to the fifth day. The initial pH wvalue in distilled water shows the
range from,/7.22 to 7.26 and indicates a weak increase during the 12
hours, and| a tendency to decrease after five days. In case of jade
powder added to water, pH value is lower(6.08-6.15) than that of the
initial stage for tourmaline and water reaction, shows a similar change
over time and pH tends. to maintain from 6.05 to"6.11 after 5 days .

Through the FT-IR-analysis, tourmaline samples show relatively low
transmittance in the short-wavelength range and the intensity of the
absorption spectrum shows almost same pattern. The wavelength and
intensity of the absorption spectra of tourmaline depend on the content
and crystallographic characteristics of the constituent elements.
Furthermore, the radiation deceases as iron content increases.

In the viewpoint of tourmaline composition and the its spectroscopic
characteristics for the particle samples, far-infrared radiation between

the contents of Si and Fe shows highly positive (+) correlation, while
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those of Al and Mg presents negative (-) correlation. In the viewpoint
of the correlation between the anion content of tourmaline and
far—-infrared radiation for particle samples, the components of F, CI,
and NOs° present relatively positive (+) correlation. On the other hand,
it can Dbe seen that the far-infrared radiation increases
crystallographically with the increase of the constants of A axis. As a
result from comparing the radiation and spectral energy between
tourmaline and jade mineral, jade mineral has higher energy, and
purgatory has the highest energy among jade minerals.
After tourmaline” powder and particles are put into distilled water for
some time, the result of~'"O-NMR. analysis of them shows that
tourmaline can result’ in the reduction for the full width at half
maximum(FWHM) and change of the FWHM is greater than that
resulted from the jade minerals & water reaction.

The reaction of distilled water with tourmaline powder and particles
shows that the- distilled water would be alkalinized, .and main anions
generated from this reaction-are Cl, F and SO.*.

Tourmaline has heat effects which can affect the human body's
temperature, pulse and blood pressure. In high temperature fomentation,
the body temperature is increased from 0.5 C to 1.5C, heat effect lasts,
and pulse could be increased with an average of 12 times, blood
pressure 1s raised at 10mg Hg. The result of comparison between jade
and tourmaline poultices shows that tourmaline poultice is more reliable
than that of jade. Tourmaline soap presents very good aesthetic effect

on the skin. Especially it is confirmed that tourmaline soap usually has
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improved effects on the skin problems such as allergy and atopy.

The study result from applied mineralogy on tourmaline produced
from major areas is expected to provide useful data for the research
on environment and health care. Tourmaline has medical effects,
therefore, it is necessary to do further more study in this areas in the

future.
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Table 1. End-members of common tourmaline group(Henry and Guidott,

1985).

End member Formula *

References

Buergerite ~ NaFe* AlgB:SisOs0F

Chromdravite NaMg3(CrsA1)B2SigO27(OH)

Dravite NaMg3AlgB3SisOo7(OHF)

Elbaite Na(AlLi)3AlsB2Sis027(0,0H,F),

Ferridravite (Na,K)(Mg,Fe);EesB3SisOs:(0,0H,F)4
Liddicoatite Ca(Li,A1)3A16B3Si6027(OgOHgF)4

Schorl NaFe® AlsB3SisOq7(OH)4

Uvite CaMgs(Als, Mg)B3SisO27(OH,F)4
Feruvite Ca Fe3(ALMg)sB3Si6027(OH) 4
Foitite [Fe*'2(AlEe’)]AlsB:Sis02(OH)

Rossmannite (Li, Aly)AlgB3SisO2(OH)4

American Mineralogist(1966)
Zapiski Vsesoyuznogo
Mineralogicheskogo

Obshchestvo(1983)
Lehrbuch der Mineralogie(Ist,

ed.)(1985)
Zeitschrift fur Kristallographie,

Kristallogeometri Kristallphysik
Kristallchemie(1913)
American Mineralogist(1979)

American Mineralogist(1977)
Wiley, New York(1892)
Mineralogical Record(1977)
Canadian Mineralogist(1989)
American Mineralogist(1993)

Ameérican Mineralogist(1998)

x Y2 and Y represent and divalent or trivalent cation, respectively, in
the Y-site. Consequently, the actual end member will depend on the

cation chosen for the Y-site.
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2.2.1. A7IM 9 AARZTH H2
A7 AA e A FJAEHN) B EA(ERNDS JERY, 1
A WA= AES me 2Ae] JdAR s, d2s AARDK)
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kAl gAY 32 (ABG) ol H(E L 9], 2007; 47777, 2007).
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and Sadanaga(1951)ol wh2t}h H71A4e Z2AAE AdAgdeln tile 6
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Figure 1. Tourmaline. structure modules(modified after Weiner and
Glas, 1985). a. six-membered tetrahedral ring projected onto (0001) with
the apical oxygens pointing towerd the analogous pole. b. (0001)
projection of layer containing Y octahedra, Z octahedra and triangualr
groups. c. structural components as viewed perpendicular to the c—axis.
(from Boron, E. S. Grew & L. M. Anovitz, 1996).
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Table 2. Dielectric constant of tourmaline.

Dielectric constant

Color Specific gravity

C Lc
Light yellow 3.06 6.0 7.9
Red 3.05 6.0 7.4
Green 3.16 59 6.8
Black 3.18 6.4 8
Black 3.14 6.3 79
Black 3.11 6.1 7.6
Black et 59 7.5
Black 3.09 9 7.6

Source: Ji, Z. J.;(2002)

A7\ FF2dEGS F2 [[SiOpl' . T ~gd dojun,
0-1200cm ' Wl Al EF A O= Yepdth & o]
A Hd 9S00 400-570cm ! o)W, WiE X E s 9=
962-999cm 2} 600-700cm- F®] ojt}, A FH S v A Wy HAvt
3800cm 'ell Al FAgE Tk A7 Aol FE A FFo] moldlel Wt F4

HAEo Izt o FfEo] wWItH(Schroeder et al, 1996;

BN
4

Temuujina et al., 1998).
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23. 47149 S5 44

Ho
B
e

7148 XY3Zo(TeO12)(BO3)sVsW ] 318F 22415 7, 55
o] A& ALEAE olF= TAa A (borosilicate) FE otk XAk of =
APEAD Qs Yok ZAE el = 2 A s AfEY, X, Y, ZAe el A
gHE = dae Firol wEl ArIA e olFe] vdeA £ X, Y, Z
o 7} Apgjwirt A ghkE = A4 U vetr] witeol st A4 w3}
7h Ak, dRbA o g dagite] wel drA el AES dEhdt "4 o

Qe wWele JRate WolE moll AL FE BWRA yAHd AfEE

¢

o] Fo]x] 9l o (Herber, 1994), & A%

FE=tH(Table 4, 5) 48] &ol BobAH A7t il S47t A &st7] =
st A Rk(Barton, 1969) Ag7F Al S&E A& A7 dREE A=
e A QA ZTH(Tsuji, et al., 1986).
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Table 3. Color formation of jewel tourmaline.

Color Elements References
Red Fe” Mattson S. M. et al. (1984)
Mn, Cs, and Li Chaudhry M. N. et al. (1976)
Mn*" and Mn*' Leckebusch R. (1978)
Mn** Vinokurov V. M. et al. (1960)
Mn?" + Fe?’ Dunn P. J. (1975)
Yellow Fe¥ Grum-Grzhimailo S. V. (1956)
Ti Hanni M. A. et al. (1981)
Green Fe*' Dunn-P. J. et al. (1977b)
Cr Dunn P. J. et al. (1977b)
Green Cif 2hd .V Schmtzer K. et al. (1979)
Colorless Trace Fe Dietrich R. V. (1985)
Sky blue Cu Leckebusch R. (1978)
Fe*" and Fe’ Dietrich R. V. (1985)
Fe and Mn Deer W. V. et al. (1962)
Black Fe Manning P. G. (1969b)
Brown Fe* Dunn P. J. et al. (1977)
Ca Dunn et al. (1977b)
Violet Mn Cech F. et al. (1965)




1= TH(group) &® BE{FEHA &7
o] AdubHow AyMLe 7tz ThE BEZow LRI, A E43
o] s WEGEHR) O T EEIT BAGAHE Mo zfold o T
(achroite), BHzZEAo]r "o zZale] wWE

T ghulo] E(dravite), Ths Mol F24 wFEl <t Feto] E(indicolite

kR

rir
i
=
e
ofN
r O
K3
1
fu
o
)
[m
ro,

L indigolite), BANA A H= =S Al wiFql FHetolE

(rubellite), etd =t MoA] Hefale] F2A W2l Al H g}o] E(siberite), T

23 mAMFol 9% Fojd W (chrome tourmaline), L&}l F 7}A] o]4F
o] Mowm g WES uE] Ze(parti-colored), =% FAE w1 S
AL Y= 9E P EZ(water melon) § & Uit I Qe EFF
o] o3 EFE+= HSF FI(AFEQRA|, chatoyancy)’} YEI}E WHEQ]
7l zolo] FojH e (cat's eye tourmaline)@ LFor= HE2A A W
T Y dFxH ot AF-FA A IR Mol WelE WEQ AT

A 1 2] (color change) FojdE & o2 EATH(H AL 2008).

A7|Ae] ME m el el e oel FHeE oy A Hawa 3l
(Table 3). F&M3 :mAe Fe’9l Fe''o] Meld F4(Mattson and
Rossman, 1986)4} Fe*-Ti*'¢] #3a} #o](Mattson, as cited in Dietrich,
1985)e] 71915, =ale] = ghulo] E(dravite)9} $-vlo] E(uvite)E= Crir e}
Vo] Al 9] A (Schmetzer K. et al. 1979)0]1, dlu}o] E (elbaite)e] * A4 2}
Ao WA s Cu?'dt By vh ¢lth(Leckebusch, 1978).

A7 el= CH9 FAWE 71 AMS et 13 £/ A7, A
Ao 2EfFEQ HA HEES AAS olFdd FAFHEY. ol 7|4
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A EAstaL gle, o] miiol o] thEA VBB, 1990; A
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Table 4. End-member species of current tourmaline

IMA (modified from Hawthorne and Henry, 1999).

accepted by

Species X Y; 76 TeO1z (BO3)3 V3 W
Alkali tourmaline
Elbaite Na Lijs Alis Al SigOg (BOs)s (OH)s (OH)
Schorl Na  Fe” Als  SigO1s (BOg)s; (OH); (OH)
Dravite Na  Mgs Alg SigO1s  (BO3)3 (OH); (OH)
Olenite Na Aly Alg SigO013 (BOz)3 (O)3  (OH)
Chrom dravite Na  Mgs Cre SigO1s  (BO3)3 (OH); (OH)
Buergerite Nea™ pFels Alg SigO1g- (BO3)3s (O)3 F
Povon draite Na  Fe*; Fe¥',Mg” SigOi (BOz); (OH); O
Vanadium dravite Na  Mgs Vs SigO15- (BO3)3. (OH); (OH)
Calcic tourmaline
Liddicoatite Ca i LAl Alg  SiO;s (BOs); (OH); F
Uvite Ca  Mgs MgAls SigOs (BO3); (OH); F
Hydroxy-feruvite. Ca  Fe®s  MgAls SisOis (BO3); (OH); (OH)
X=site vacant tourmaline
Rossmanite =~ LiAl Al SigOss  (BO3)s (OH); (OH)
Foitite T Fe’Al Al SisOgh (BOs)s (OH); (OH)
Magnesio—foitite —.._ MgzAl Alg SigO1s (BO3)3 (OH); (OH)
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Table 5. Additional

hypothetical

tourmaline

species

inferred from

probable site occupancies that are not currently recognized by IMA (modified

from Hawthorne and Henry, 1999).

Species (hypothetical) X Y3 Zs TeOs (BO3)3 V3 W
Alkali tourmaline
Fluor-elbaite Na LijsAlis Al SigO;z (BO3); (OH); F
Fluor-schorl Na Fe’'s Al SigO1z (BO33 (OH)3; F
Fluor-dravite Na Mg Al SigOis (BO3)3 (OH); F
Fluor-olenite Na Al Alg  SigO (BO3)3 (0O)3 F
Fluor-chromdravite Na - Mgs Crg . SigO13 (BO3)3s (OH); F
Hydroxy-buergerite N 1 T, Als  SigOis (BO3); (0); (OH)
Oxy-elbaite Na LiAb Alg . SigO1(BO3)3 (OH); O
Oxy-schorl Na Fe?'Al, Fe*'Als SigOi (BOs); (OH); O
Oxy-dravite Na MgAl, MgAls SigOiz (BO3)s; (OH); O
Oxy-chrom, dravite Na MgCr, MgCr; SigOi (BO3); (OH); O
Al-Cr-povon draite Na Al Mg>Cr, SisOz (BO3); (OH); O
Calcic tourmaline
Hydroxyfliddicoatite Ca LizAl Als Siﬁolg (BO:3)3 (OH)3 (OH)
Hydroxy-uvite Ca Mgy MgAls SigO (BO3); (OH); (OH)
Fluor—feruvite Ca. Fe*'; MgAls SigOis (BO3)s; (OH); F
Oxyfliddicoatite Ca Lil,5A11‘5 Al@ 816018 (BOS)S (OH>3 O
Oxy-uvite Ca MgAl, MgoAy ~ SigOqg (BO3); (OH); O
Ferri-uvite Ca MgFe*s Mg.Fe’'; SigOis (BO3); (OH); O
Oxy—feruvite Ca~ Fe*Al MgAl SigOi (BO3); (OH); O
Ferri—feruvite Ca Fe*'Fe’'y MgoFe®y SigOis (BO3); (OH); O
X-site vacant tourmaline

Fluor-rossmanite o LiAl Alg  SigO (BO3); (OH); F
Fluor—foitite o Fe*,Al Alg  SigO (BO3)3 (OH); F
Fluor-magnesio—foitite o MgsAl Als  SigOiz (BO3); (OH); F
Oxy-rossmanite o LigsAlbs Als  SigOiz (BO3); (OH); O
Oxy—foitite o Fe*Al Als  SigOi (BO3); (OH); O
Oxy-magnesio—foitite o MgAl Als  SigOi (BO3); (OH); O
Oxy-Mg—ferri—foitite o MgFe*; Fe¥s SigOi (BOs)s (OH); O
Oxy —ferri-foitite o Fe’Fe’s Fe's  Sig0is (BOy)s (OH); O
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3.1.1. 34 1714(CT)
3o A714e BAUNG Aofo] £
AN, AR, WB LIS, ),
AN AFE A, 1A o] ofyl Z30 A%
B I, WA RGN KE), A FEAE i),
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Table 6. Specimen characteristics of the studied tourmalines(CT1, CT2,
CT3, CT4, CT5, BT1, BT2 and DT1) and jades(CN, KN, RN, LS, NS
and CA).

No. Localities Figuration Color Transparency
Tourmaline

CT1 China Grain Black Translucence

CT2 China Powder Greenish black Transparent

CT3 China Grain Gray Transparent

CT4 China Grain Dark gray Translucence

CT5 China Grain Dark gray Transparent

BT1 Brazil Grain Black Transparent

BT2 Brazil Grain Pink Transparent

DT1 Korea Grain Black Translucent
Nephritex

CN  Xinjiang, China Grain Emerald green = Translucence

KN Korea Grain Cream yellow Translucence

RN  Vical, Russia Grain Green Translucence
Serpentine*

LS Liaoning, China Grain Yellow green Translucence

NS North Korea Grain Yellow green Translucence

Agatex
CA Daxal China Grain Brown Translucence

*Yan Jie(2006)
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s

; Brazil)

D : DT1(black cof'(l)r; Korea)
{

500um

E : CT3(dark gray color; China) ——'__---F : CT4(dark gray color; China)

G : CT5(dark gray color; China)

Figure 2. Photographs of tourmaline specimens from China, Brazil and
Korea.
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SOLAR REFLECTION(SQR)

THERMAL INFRARED RADIATION(TIR)

VELENGTH 1 nm 0.1 pm 1 pm 3 um 35 um 1 mm
Me GAMMAL x . pay|ulTRA i Lole SWIR MIR FIR MICRONWAVE
RAY vioTP |=
" JUCLEAR
. ELECTRONIC _
1% -« >
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Figure 3. Spectrum analysis of electromagnetic waves.
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71719k &
: IONPAC AS14

3.0mM NaZCO3, 1.0mM NaHCOs

25ml, Applied current :
. Anion self-regenerating suppressor (ASRS-ULTRA II, 4mm)

: Suppressed Conductivity using a CD25

: IS-1000, Dionex column
L A%FR S5 99H 24

481 A2, 8¢ 2

Eluent :

Injection volume :
Suppressor
Detection

Table 7. Analytical condition of ion chromatography.
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(CT1) Parrallel Nicols
- P - -

(CT1) Crossed Nicols

(BT2) Crossed Nicols

/ ‘:"¢v ol -> '".

(DT1) Parrallel Nicols (DT1) Crossed Nicols

Figure 4. Microphotographs of tourmaline from China(CT1), Brazil(BT1

and BT2) and Korea(DT1). 4mmx10mm.

_38_



(A)

150 = :'l f 4
(NS) Parrallel Nicols

(B)
Figure 5. Microphotographs. of nephrite from .China(CN) and North
Korea(NS). 4mmx10mm.
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C: LS(serpentine, China)

’

Russia(RN) and North Korea(NS).
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(CA) Parrallel Nicols (CA) Crossed Nicols

Figure. 7. Microphotographs nephrite(KN) and agate(CA). 4mmx>10mm.
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2

e FEe Aoz dJAxAeH(Fig. 8 9), 24
T A AeIn AU AR TR IS WY ¥WIE AT
W3le] 2o Ix] e Holt} Applemend} Evance(1973)] 2ol & A|<ts
Ha AsHe o8ty 208s AlAe A tH(Table 8, 9). 5= 4HCTL),

2 42HBT1, BT2), F=4HDTLHE F¥ 34 vz d(122), d(220),
d(042) 2 d(012)2A JCPDS Aot & AR g tH(Table 8). i Al&EE
A3 viadls A7)14 AGEA g vtadls A71A e EAdo] A
E} AT (Table R).

A A g ggE  AE(@E DTI=  1598A0) AY =,
CT1=1597A, BT1=15.96A, BT2=1595A <o yrolt} &9 ¥ (¢
= DT1=7.23A, CT1=722A, BT1=722A, BT2-717A o= pro}xt} o
AF AAHLe DTI=159583A 24 7b4 A3, th&o 2= CTI=159577A +
olw, BT1=1594.60A, BT2=1586.70A, 5= o = yvroprrh,

¢

-
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T: Tourmaline

a8 § 8 Q Quartz
88e © ¢ =
1 5 ke B0
s - —_
TR P s 3
- (- - S CT1

Intensity

10 20 30 40 5 60 70 80
20(degree)

Figure 8. X-ray “diffraction. patterns of the studied CT1 and DT1

tourmalines.
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T: Tourmaline

Q Quartz

4 _ | 8
s § P E
g8 < T

§adE-—F g

S EF e 3 BT1
I-l- - v
- O

Intensi

10 20 30 40 5 60 70 80
20(degree)

Figure 9. X-ray “diffraction. patterns of the studied BT1 and BT?2

tourmalines.
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Table 8. High-intensity reflections of the CT1, BT1, BT2 and DTI.

hkl CT1 BT1 BT2 DT1 Fe-tourmaline* Mg-tourmaline*

101 9.39 2.61 473 2.61 6.35 6.38
021 8.68 2.68 4.09 2.68 - -

211 5.99 2.88 2.73 2.88 4.22 4.22
220 498 3.06 2.22 3.06 4.00 3.99
012 5.23 2.34 3.01 2.34 3.47 3.48
122 4.90 2.09 1.98 2.09 2.95 2.96
051 6.68 2.19 2.74 2.19 2.58 2.58
152 6.07 3.07 1.39 3.07 2.03 2.04
514 9.94 3.94 - 3.94 - -

* R. V. Dietrich(1985)

Table 9. The cell parameters of tourmaline from thedifferent location.

Parameter(A) (| BT1 BT2 DT1
15.97 15.96 15.95 15.98
c 0 7.92 717 7.23
v 1595.77 1594.67 1586.70 1595.83
c/a 0.45 0.45 0.45 0.45
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5.3. 83t &4

53.1. FAEYA: 2 BAE 94

F3AHCTL, CT2, CT3, CT4, CT5), HebdAHBTI, BT2), 34t
(DTDE A714 NgS FAe= F2 38tx4e Si, Al Fe, B, Ti, Mg,
Ca, Na, Mn, K 2 Li So]th(Table 10). = % Si¢} Al A¥o] 7} @o
SEol glom, SidtEre CT5H(25.77%), CT2(23.56%), BT2(22.47%),
CT4(20.42%), DT1(17.67%), CT1(17.47%), CT3(16.79%), BT1(15.92%)<
o= vlolxzlth

AldtEe BT2(20.80%),  CT4(1890%) CT5(18.74%), BT1(17.22%),
DT1(16.95%), CT2(14.95%), CT3(14.32%), CT1(11.78%) =< 2 rolxit},
3 B 3ol AU =L AL CT3(366%)e)™, 1 tho= BT1(2.84%),
DT1(2.65%), CT5(2.54%), BT2(257%), CT1(2.30%), CT4(1.64%) <=°]t},
Fedl#e DTL(13.06%) AL =3 CTH(11.45%), CT4(9.34%), BT1(4.84%),
CT2(3.96%), CT1(3.66%), CT3(2.75%), BT2(0.20%) o= olxit}, 3}
gxgdor B uf 3S4k DT1 Al5E Fe g3l 18% ooz A A7
Aol &atn, F=AHCET1, €T1, CT2, CT3, CT4, €T5) 3 HEetaAHBTI,

BT2) A8 Mgd o] 8% o|Ado=m dutxel navs A7) g
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Table 10. Electron microprobe analyses of tourmaline from China(CT1,

CT2, CT3, CT4 and CT5), Brazil(BT1 and BT2), and Korea(DT1).

Elements CT1 CT?2 CT3 CT4 CTb5 BT1 BT2 DT1
Si0, 37.38 50.41 35.92 43.69 45.13 34.05 48.07 37.81
AlO; 32.27 28.25 27.06 35.72 35.41 32.54 39.3 32.03
Fe203 5.23 5.66 7.93 8.05 8.18 6.92 0.28 18.68
B-03 74 7.99 11.74 5.3 8.2 9.15 8.27 8.53
TiO, 1.48 0.11 0.73 0.502 0.15 1.58 n.d. 0.14
MgO 9.37 0.80 9.36 2.76 0.32 10.65 n.d. 0.99.
CaO 3.18 1.56 3.73 0.36 n.d 2.46 1.25 n.d.
Na,O 1.82 1.15 1.77 1.50 1.80 2.12 1.16 1.39
MnO 0.18 0.08 0.03 0.17 0.66 n.d. 0.13 0.32
K20 0.1 0.19 0.05 0.45 0.14 0.22 0.64 n.d.
Lis03 n.d. 0.45 n.d. n.d n.d 0.18 0.26 n.d.
P-0O5 n.d. 1.76 15 0.13 n.d. nid. n.d. n.d.
CeOq 0.61 0.71 n.d. n.d. n.d. n.d. n.d. n.d.
Nd»,O3 n.d: 0.35 n.d. n.d. n.d. n.d. n.d. n.d.
Y203 n.d. 0.19 n.d. n.d. n.d. n.d. n.d. n.d.
ZrOy n.d. 0.17 n.d. n.d. n.d. n.d. n.d. n.d.
ThO- n.d. 0.10 n.d. n.d. n.d. n.d. n.d. n.d.
AnO n.d. 0.03 n.d. n.d. n.d. n.d. n.d. n.d.
SrO n.d. 0.02 n.d. n.d. n.d. n.d. n.d. n.d.
Cr203 n.d. n.d. n.d. 0.10 n.d. n.d. n.d. n.d.
K-0O n.d. 0.19 n.d. 0.45 0.14 n.d. n.d. n.d.
Zn0O n.d. n.d. n.d. 0.05 n.d. n.d. n.d. n.d.
NiO n.d. nd. n.d. 0.03 n.d. n.d. n.d. n.d.
Total 99.10 99.99 99.81 99.99 99.79 99.87 99.60 99.89
0=15.999
Si 17.47 23.56 16.79 20.42 25.77 15.92 22.47 17.67
Al 11.78 14.95 14.32 18.90 18.74 17.22 20.80 16.95
Fe 3.66 3.96 2.75 9.34 11.45 4.84 0.20 13.06
B 2.30 2.47 3.65 1.64 2.54 2.84 2.57 2.65
Ti 1.28 0.78 0.63 0.43 0.13 1.37 n.d 0.12
Mg 5.65 4.82 5.64 1.66 0.19 6.42 n.d 0.60
Ca 2.27 1.12 1.24 0.26 n.d 1.76 0.89 nd
Na 1.35 0.85 1.31 1.11 1.34 1.57 0.86 1.03
Mn 0.14 0.06 0.02 0.13 0.51 n.d 0.64 0.25
K 0.08 0.16 0.04 0.37 0.12 0.18 0.53 n.d
Li n.d. 0.10 n.d n.d n.d 0.04 0.06 n.d
Total 45.98 50.26 46.39 52.62 58.06 52.12 48.96 49.33

n.d. : not detected
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Al (%)

Figure 10. Major element .combination of the studied specimens from

the different locality.

CT4, CT5, BT2 % DTl1o]lH, 4
garo] mow Fe @] i

BT1 #3833 Mgeol A9 gFHA &L FABT2oz A (Fig. 10).
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Figure 11. Major element combination of the studied specimens from

the different locality.
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SheFrl o] 54 S yUEbdTH(Fig. 11A). Sightd ¥ thr] g Fest Al 3 Bé} Al
1S

o

o

o geF ule fAME 542 Zow, 1 F B Al 9 v 94

e oh(Fig. 11B).

100

Figure 12. Major element combination of the studied specimens from

the different locality.
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CT3, BT1, BT2)o.= &5, Na?} Ca®l &v]+= Na g&Fo] =&55

Ca o] Yolx|= 43S wrh(Fig. 12).
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Figure 13. Major element. ecembination of the-studied specimens from

the different locality.
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Figure 14. Major. element combination of thestudied specimens from
the different locality.
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CT2, CT3, BT1) ¥ #=2 Fe ¥
(BT2, DT1, CT4, CTHo.=2 F+¢
Fes} Tixg %ol A4

o 1

o

A gk 542 R tk(Fig. 14).
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Table. 11. CaO/CaO+NaO and MgO/FeO+MgO ratios of the

studied tourmalines.

No. MgO FeO MgO/FeO+MgO CaO Na,O Cao/CaO+NaO

CT1 9.37 19.66 28.74 3.18 1.82 0.63
CT2 0.80  19.96 0.29 1.56 1.15 0.37
CT3 9.36 1875 0.33 3.73 1.77 0.49
CT4 216 2534 0.09 0.36 1.50 0.19
CT5 032 2746 3.64 0.01 1.80 0.01
BT1 1096 20.84 0.45 2.46 2.12 0.54
BT2 0.01 16.20 6.17 325 1.16 0.34
DT1 0.99  29.06 0.03 0.01 1.39 0.01

o2

Ca0/Ca0+NaO ¥ MgOQ/FeO+MgO €] sl&u]= R=0.714%] =& A (+)
o] A#ARAE W, BT29 CT1S Addo& =2 Ca0/CaO+Na,0O H]
Hetdth S5k Al5s AFbAow gekst HE Zie
G A8 E A 52 Ca0/Ca0+NaOet MgO/FeO+MgO2e] E4& #
CHTable 11). 3#A, s=p2F A2 (DTDE 05 o3t=A ¥ CaO/CaO+NaO <F
MgO/FeO+MgO &=ulE Jekdith(Table 11, Fig. 15).
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Figure 15. Linear regression analysis between composition ratios of the
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[

i)

S 4HCN, LS, CA), eF=2HKN), 2 A oFHRN), 5 FHHINS)oll A 4
Zd A= Cr, Ni, Zi, Zn, Co, Ga, 2 CuzA F=2 dzy FXolt}h
d 77]

F=t}(Table 12, Fig. 16).

[
>

A3tz SuEe) vHgst QR dwe] Had A

o
>l\'

_55_



Table 12. Chemical concentrations(ppm) of trace elements in tourmaline,
nephrite, serpentine and agate determined by inductively coupled plasma

mass spectroscopy (ICP).

No. Cr Co Cu Ga Ni Zn Zr
Toumaline

CT1 56.89 37.81 8.57 23.85 17.64 63.8 10.12

BT1 31.88 56.4 9.96 16.2 n.d. 34.05 21.62

BT?2 n.d. 14.97 15.1 16.78 n.d. 53.25 19.62
DT1 66.58 n.d 37.91 55.41 n.d. 40.79 n.d.
Nephrite
CN:* 16.3 1.7 98.5 162 6.8 58.6 63.0
KN 67.7 111.2 288.2 18.6 129 169.7 4.1
RN 749 219.6 337.2 52 389.2 235.8 2.6
Serpentine
LS 195 1775 101.8 8.0 56 41.0 8.0
NS=* 95.5 3.2 337.3 59 09 130.7 2.4
Agate
CAx 16.3 1.5 98.5 16.2 6.8 58.6 63.0

n.d. : not detected. * Yan Jie(2006)

Aubd o Hu njgkflio] gt 8ol A sow AMEAMS A
714, e8] o Z-vold o (Table 12) - 94hHEE Co o] 7+

o, Ni 4%E eAlor Aol & Ao wa) MAPHOD B G

(889.2ppm)S UEFATE
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Figure 16. Co centranons(p of Ni,

nephrite, se entlne and ate.
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Figure 17. Concentrations(ppm) of Cr, Zn and Cu in the tourmaline,

nephrite, serpentine and agate.
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a4 Ake) FFE B A v 09 ko

A4y AH5H TEHoE XTEHE Cra NS(9%.5ppm)e] 7HE =om

rlo
iy
A
Ll
P

RN(74.9ppm), KN(67.7ppm), DT1(66.58ppm), CT1(56.89ppm), BT1(31.88ppm),
LS(19.5ppm), CN(16.3ppm), CA(16.3ppm) <=¢| T} Cui= NS(337.3ppm)7Hg =
S RN(337.2ppm), KN(288.2ppm), LS(101.8ppm), CN(985ppm), CA(98.5ppm),
DT1(37.91ppm), BT2(15.1ppm),»BT1(9.96ppm), CT1(857ppm) "o & ylolxl
o}, Ga2 DT1(G541ppm), CT1(23.85ppm), KN(186ppm), BT2(16.78ppm),
BT1(16.2ppm), CA(16.2ppm), CN(16.2ppm), LS(8.0ppm), NS(5.9ppm), RN(5.2ppm)
o' grolRth Ni> RN(@889.2ppm)7HE =om, CT1(17.64ppm), KN(12.9ppm),
CN(6.8ppm), CA(6.8ppm), LS(5.6ppm), NS(0.9ppm)o]al 7]E} AAE= #HE=
A gkttt 3 Zns RN(235.8ppm) 24 7Y o, 1S o2 KN(169.7ppm),
NS(130.7ppm) =olth-H] Fga FEEA AL E o S35 A7|AH
thokst YAE el Ao BE U9 stEko] =tH(Table 12).
gtk A7 (DTDS B A9 ro 2

Gas FrstH, Co, Ni, Zi $fHo]l A &k B d714(BTH,
BT2)2 Co g&ol B A9t o

o Ao r =2 Cr, Cu %

5
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5.4. pH - Eh(DO) %4 z&

th(Kubo, 1989
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Table 13. DO variations of distilled water changed with reaction time
for the studied tourmaline(CT1, BT1, BT2 and DT1), nephrites(RN and

CN) and serpentine(NS and LS) powder.

No 3 hours 6 hours 1 day 2 days 5 days
‘ DO DO DO DO DO
Tourmaline
CT1 10.50 10.60 9.40 9.30 10.10
BT1 11.40 11.40 9.50 9.20 9.90
BT?2 11.50 11.60 9.50 9.70 9.80
DT1 12.00 12.20 9.60 9.50 9.80
Nephrite
RN 11.17 11.40 9.40 9.30 9.70
CN 11.60 11.80 9.50 9.20 9.70
Serpentine
NS 11.90 12.00 9.60 940 9.80
LS 12,10 12.30 9.50 9.30 9.80

ZF(200mDel  A7NA) A5 B AREASS] 9 (15g)S F7ste] Al
I Ao g DOWstE FA st 27 /79 DOE/10.6-12.3H 9]
24 FE Hrbol wdk-Z7] 6AHE S W BOLE YElY oy 1Y
AFol= F43 DO #AMDO=9.695hH)7 =AUt o] F 29 2 5
A 7MA = gRke S7FE HAtH(Table 13, Fig. 18).

A
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12.0
11.5

11.0

DO
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9.5

9.0

Time (h)

Figure 18. DO variations of distilled water changed with reaction time
for the studied tourmaline(CTFl, BT1, BT2 and DT1), nephrite(RN and
CN) and serpentine(LS~and NS) powders.

_61_



Table 14. pH wvariations of distilled water changed with reaction time
for the studied tourmaline(CT1, BT1, BT2 and DT1), nephrites(RN and
CN) and serpentine(NS and LS) powder.

No 0 hours 6 hours 1 day 2 days 5 days
' pH pH pH pH pH

Tourmaline

CT1 5.80 6.52 7.23 7.21 7.20

BT1 5.80 6.54 7.25 7.23 7.22

BT2 5.80 6.53 e 7.22 7.21

DT1 5.80 6.55 7.26 .27 7.26
Nephrite

RN 5.80 6.01 6.15 6.13 6.10

CN 5.80 5.99 6.10 6.08 6.07
Serpentine

LS 5.80 5.98 6.08 6.06 6.05

NS 5.80 6.02 6.13 6.12 6.11

SHTed A7 Ak YsiAe AFHoRE pHe 19 43T
pH=722-726 WM A3 575 vEpliH, L ol$ 59 A H{A7HA
pH=7.21-726 W9 =4 <A st Hrt,

Eiaa -1 e) B b T K B i P B I T K | B = 3
pH=6.03-6.15 " $1E YErH, 54 A 7% pH=6.05-6.11 HA=Z A3
tHTable 14, Fig. 19).

_62_



74

7.2] —3
| —=—CT1
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Figure 19. pH variations of distilled water changed with reaction time

for the studied tourmaline(CT1, BT1, BT2 and DT1), nephrite(RN and
CN) and serpentine(LS and NS) powders.
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Table 15. pH variations of running water changed with reaction time

for the studied tourmaline(CT1, BT1, BT2 and DT1), and serpentine NS

powder.
N 0 hours 12hours lday 2day
o.
pH pH pH pH
Tourmaline
CT1 6.60 7.24 7.70 7.72
BT1 6.60 7.26 772 7.73
BT?2 6.60 7.28 7.74 715
DT1 6.60 7.25 TS, 778
Serpentine
NS 6.60 6.90 6.95 6.92
Fumo A74e) 19 ARF pHT24-78 M2 43 348 u
B, ol % 59 %3 el i pH-7.72 7282 A <Hdshenk
shH  SEde]l  HIbe e = AZIM A nlE)l 27]d oA e
pH=6.902 vetin, 59 2 33%F pH=6.92% &H<¢l=.2r}(Table 15, Fig. 20)
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Figure 20. pH variations of running water changed with reaction time for

the studied tourmaline(CT1, BT1, BT2 and DT1), and serpentine(NS) powders.
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Table 16. DO wvariation of

and serpentine grains.

distilled water after react with tourmaline

No. 3 hours 12 hours lday
DO DO DO
Tourmaline
CT1 9.00 9.30 8.60
BT1 8.90 8.80 8.60
BT?2 9.40 9.30 8.80
DT1 8.80 8.70 8.30
Serpentine
NS 10.0 9.90 9.3
ZRF00mDA A7), A% B AENS YAH(15g)S Al A

t}.(Table 16, Fig.

DOWstE SAstdth 7] 32 & DO+ 890-10.0 W
FA% DOS 22(DO-8.30013h7H &els et
DO=10.0°14 DO=9.3%2 ZA L+

2%E wolF
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Figure 21. DO variation of distilled water after reacted with

tourmaline \and serpentine grains.
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Table 17. pH variation of distilled water after react with tourmaline and

serpentine grains.

No. 3 hours 12 hours lday
pH pH pH
Tourmaline
CT1 7.20 8.20 7.90
BT1 7.20 8.40 8.10
BT2 7.30 8.50 8.20
DT1 7.20 8.30 8.00
Serpentine
NS 6.70 7.10 7.30

Ak A 1247 W Az 8e pH820-850 WA E Fhe e
HAa 19 (Fed= pH=7.90-820 M2 &gt FFS BATh il &
o) B9 ATl wEh pH=670-7.80 W2 A5H FARLe U
e}l th(Table 17, Fig. 22).
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Figure 22. pH variation of distilled water after reacted with tourmaline

and serpentine grains:
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Table 18. pH variations of water changed with reaction time for

studied tourmaline, nephrite and serpentine powders.

No. bg 10g 15¢g
Tourmaline
CT1 7.88 8.35 8.50
BT1 7.91 8.41 8.65
BT?2 7.92 8.42 8.71
DT1 7.89 8.37 8.52
Nephrite
RN 6.71 6.76 6.81
CN 6.81 6.85 6.95
Serpentine
NS 6.95 6.99 7.01
LS 6.92 6.94 6.99

ZR4 50miel #7149 Abekel whe 19F pHY s 2t 3 e Sgo
A 15go 2 WS4 E pHE 7994 84clde® Zrlat mey S A

7bE 7kl whet FEidh W atE yEhli Al =th(Table 18, Fig. 23).
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Figure 23. pH variations of water changed with reaction time for

studied tourmaline, nephrite and serpentine powders.
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5.5.

o
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Am
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i

5.5.1. Fgd W3 HJXMH £33 5

o] AFolAE H7|Ae] A wE TR AFFH ] Ao, 35}
2% AR 54& Fofstr] flstel oixA Als 37M(CT1, BT,
DTDE dWlde® FT-Raman #3E4& AAsden, 7 A¥= Fig
24, 25, 269} 7t}

CT1 A &< BT1 2 DT1 A &3+ 400-500cm "ol A EF580] e o g
g 925 et A AlE BFolA 500cm ! Aol Si-O Fxol 9
3 e ~FEFZ FAHALH, CT1 AEE 509cm 'S THo=
BT1 A &% 512em™ oA vl A<l dlg] st 935 Yeldch DT1 A&
E 1439em'E F4ow gANS AYs S5 vIE 2o 500-1439cm ol
3y = W1 = ZECTL CHMEBT] 2 DIy fEEs 47
713cm '3} 780em ' 2 728em ! Aol A H|IA 3 F

BEAE AZA S CTIREE 1264cm! ZA A B4 dol29 F
o o A FFaHEHS Jebth(Fig. 24). BT
462cm !, 728cm!, 880cm !, v 1439cm ol A ‘A sk E4AHER S A
Todtel & 9 As 2524cm-19lA e S aFER el FAHY, ol
5t ¥AE B F4 o3 EA AdEHo 7 34 (Bailey et al, 1991;
Inous et al., 1989) Z¥}¢} 2 AXHr}t DT1IL 2524cm! TAHoZ YW
FdE Uiy, oldd Ay gddA B F47F dojdnE AL
Bk g oh(Fig. 26). CT1 A&+ 3569em !, DT1 A&+, 3439cm 'e] &3]
I #d o] sltk(Fig. 25).

BT1 Al&& d@upgdol A Hd 64%9 =& F348&S Yelhuy, F3&3
FFE9 Zo] A(Fig. 25). DT1 Alge dupgolAd 714 =

/\1 u] ;(4 7

W
N
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(Hh 56%)& HEbH, 2 Brell e vhekdt spdoiol A vlud 7k F)
2 YA} 53] 1439cm ol A= 4% olate] e Fad o] wEH

(Fig. 26).

ARH o CTI Agt Gopgos] Ao e Fie(600)e 1
gue, FRamEde) FEst nwd e 54 ehich(Fig 24)
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Figure 24. FT-Raman_transmission spectra of the tourmaline(CT1).
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Figure 25. FT-Raman transmission spectra of the tourmaline(BT1).
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Figure 26. FT-Raman transmission spectra of the tourmaline(DT1).
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Table 19. Infra-red emissivity of tourmaline, nephrite, serpentine

and agate.
Sample no. Emissivity(5-20zm)
Tourmaline
CT1 0.925
BT1 0.924
DT1 0.926
Nephrite*
CN 0.927
RN 0.927
KN 0.924
Serpentine*
LS 0.924
NS 0.926
Agatex
CA 0.922

* Yan Jie(2006)
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Figure 27. Infra-red . emissivity of tourmaline, nephrite and

serpentine.

A7 43 G B AR S QA AR U Az 5-20m 85l ol A

= FElg Aol dER A S=th(Fig. 27).

pio

56. d=7] &% 4 (NMR)9 23

A A ThH(Schroeder et al.,, 1996). 7€ A& 3ty FAA & A= &
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nephrite and

Table 20. YO-NMR spectra results of tourmaline,
serpentine reacted with distilled water.
Sample no. Frequency (Hz)
Primary distilled water 106Hz
Tourmaline
CT1 93
BT1 52
BT2 51
DT1 95
Nephrite*
RN 82
CN 35
Serpentine*
LS 60
NS 65
* Yan Jie(2006)
27] 106HzE 2% 2nse) A7ld, 93B3 we N7 = =
AF A1 FH R ATl gekw ANl b e 93(G1-55H) S
UER Y, AFZA] S(60-65Hz), <15-(82-85Hz)we] #Fe]lE  ZEi=tH(Table

20).
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BT2 DTI
Figure 28. "O-NMR nuclear magneticiresonance(NMR) spectra for
distilled water reacted with the different tourmalines(CT1, BTI,
BT2 and DT1).
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Figure 29. YO-NMR. nuclear magnetic resonance(NMR) spectra for
distilled water reacted with the different tourmalines(LS, RN, NS and
CN).
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Table 21. "O-NMR spectra results of CT1 tourmaline reacted with

distilled water.

Sample no. Added powder(g) Frequency (Hz)
0.0 106
0.5 85
1.0 6
¢ 15 66
2.0 62
2.5 60

FA FFA ANACTOANRS bzl me $age) was 7]

—_
o
[©))
s
N

=2
o
o|N

7heke] Z7H05-250) 852 1 Z+S 85-60HzE FH A 7
2 YERAHFig. 30). A714¢ 7} $heke] mr= NMR 9H%] £ o] o]
)

g Fosts PAAE WA Sk @A wH T (o Fuw
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Figure 30. "O-NMR spectra result of the. tourmaline(CT1) reacted with

distilled water.
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W A7 2T S3E LM E F = DT1 A=

0.04ppmo.= 714 =01 BT1(0.03ppm) BT2(0.02ppm), CT1 (0.01ppm)©] 2L
L3452 KN, RN, CN 2 NS+ 0.0lppme|t}. Cl & NS 28lppmeo = 7}
o DTI1(0.66ppm), RN(0.40ppm), BT1(0.38ppm), KN(0.32ppm),

o
Hi
o
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BT2(0.28ppm), CT1(0.27ppm), CN(0.17ppm) =°]t}. SO, = NS 1.0lppm
o2 7} E=ow BTI1(0.35ppm), CT1, BT2 % DT1S (0.22ppm)2. 2 A
22 FAZ YEYH(Table 19). &A= F &= CA 1.82ppmo = 713
wom DT1(0.43ppm), CT1(0.36ppm), BT1(0.22ppm), BT2(0.08ppm) <=°|
ot CI' DT1 2.77ppme.= 7 =om BT2(2.28ppm), CT1(1.54ppm),
BT1(1.35ppm), CA(0.71ppm) <=°ltt. NOs &= BT2 2.66ppmo. = 7+ &L
DT1(0.56ppm), CT1(05ppm) 2 BT1(0.5ppm), CA(0.28ppm)<=o]th. SO
= CT1 13.776ppmo.& 714 ®ow BT2(4.67ppm), BT1(2.24ppm), DT1
(1.96ppm), CA(0.99ppm) <=°]tH(Table 23).

A A g Fel e ENATE ANH R F Cl.S04 2 NOy™ 7t

FAEAom, HPO,, NOs~3 NOgx= HlFolAY HEHA okt

(Table 22 and 23), 3+d/ #1714 AR} A7) F2S g 243 4
Ao A= BE A BA A AJ87F BEE A g H|3] =& FdFS

B A tH(Table. 23).
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Table 22. Anion concentration(ppm) react with tourmaline, nephrite and

serpentine powder.

No. F Cl SO~ Br  NOs NO, HPOs
Tourmaline
CT1 0.01 0.27 0.22 n.d. n.d. n.d. n.d.
BT1 0.03 0.38 0.35 n.d. 0.32 n.d. n.d.
BT?2 0.02 0.28 0.22 n.d. 0.66 n.d. n.d.
DT1 0.04 0.66 0.22 n.d. 0.13 n.d. n.d.
Nephrite*
KN 0.01 0.8Z i 4. n.d. n.d. n.d. n.d.
RN 0.01 0.40 n. d. n.d. 0 n.d. n.d.
CN 0.01 QA7 o de n.d. 0.09 n.d. n.d.
Serpentine*
NS 0.01 2.81 1.01 n.d. n.d. n.d. n.d.
n.d. : not detected. * Yan jie(2006)
A7A, AS W AEAS Y] FUA Rl A4t B AEA 2 A5
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Figure 31. Pﬁstoéram r the anion tration(ﬁpm) reacted with

tourmaline, |

nephrite, and serpentine
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Table 23. Anion concentration(ppm) react with tourmaline and agate

grains.
No. F Cl SO Br NO, NOs  HPO,
Tourmaline
CT1 0.36 1.54 13.76 n.d. n.d. 0.5 0.09
BT1 0.22 1.35 2.24 n.d. n.d. 05 n.d.

BT2 0.08 2.28 4.67 0.33 n.d. 2.66 n.d.

DT1 0.43 2.7 1.96 n.d. n.d. 0.56 n.d.
Agatex
CA 1.82 0.71 0.99 n.d. n.d. 0.28 n.d.

n.d. : not detected. * Yan Jie(2006)

16
R F
14 . <
12 50,7
10 B ér
. NO,
8 m NOY
6 B HPO,
4
: a1 | &
CT1 BT1 BT2 DTl CA

Figure 32. Histogram for the anion concentration(ppm) reacted with

tourmaline and agate grains.
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Table 24. The clinical results from tourmaline sauna study.

Group Number Initial After sauna Stable condition

(30min) (30min)
A Blood pressure 15 90-140 90-135 (55%) 90-135 (54%)
Pulse 30 90 (51%) 90 (58%)
Body Temp.(C) 37 38.5(52%) 375 (52%)
B  Blood pressure 20 80-120 85-120 (90%)  85-120(86%)
Pulse 70 82 (90%) 82 (80%)
Body Temp.(TC) 36.5 37.5.(82%) 37.5(82%)
C Blood pressure 15 50-80 50-80 (56%). 50-80 (53%)
Pulse 68 75 (53%) 75 (51%)
Body' Temp.(C) 36 36.5 (58%) 36.5 (52%)

ThFig. 533, 34 B 80) Bt 22 74 122D =

w3 #Ha 123 A dth(Table 24).
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Figure 34. The clinical re

study.
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Figure 35. The clinical results group C from the tourmaline

study.
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Table 25. The clinical results from serpentine sauna study.

After sauna Stable condition

Group Jade Number Initial (30 min) (30min)
A Blood presure 20 95-135 90-130(65%)  90-130(64%)
Pulse 85 95(63%) 95(60%)
Body temp.(C) 37.0 37.5(64%) 37.5(63%)
B Blood presure 25 80-120 85-120(95%)  85-120(92%)
Pulse 75 92(96%) 92(91)
Body temp.(C) 37.0 37.5(92%) 37.590%6)
C Blood presure 18 60-90 70-100(68%%) 70-120(65%)
Pulse 70 90(66%) 90(64.5%)
Body temp.(C) 36.5 37.0(62%) 37.0(60.5%)

.l
77 29 At 70mmHg 4% a9tk (Fig. 36, 37 B 38). Wue S
A2 A HY Hatk 203] A5 st (Table 25).

o|»
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s
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study.
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o] BEolde] s A2 AF7F 84% ol

A2 A97k 53% eldelden, ang =74

oo BB R fgAHC 1F) BEoh BaE

745% ol Folv E&o| 255% oldolth BE el thgRHC 1H)7} 7}
F Fe ENE A3 USe U 5 AN, HLOE W F AF =
ofth WA Wyol BA Yt IFB TH)S 71 BAt FhHow o

& &lstlth(Table-26). 1ot £ I F 1w S Rt &
A 2w B )] AiA 2o oS ada & 4 U ehFig. 39).

Table 26. After application of the tourmaline soap for 6 monthes.

Skin Number of  Slightly Mederately  Highly

Gruop N
conditidon “ipdividuals leffective effective effective
A Good skin 20 62% 22% 1695
p Lrouble 20 539% 25% 229
skin
C Normal skin 10 74.5% 25.5% 0%
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Figure 39. 7{fectlv1t‘y after " applicati f the tourmahr\soap for 6
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Figure 40. Relation between Fe, Al, Mg, Si and B contents, and IR
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intensities of the studied the tourmaline powders.
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Figure 41. Relation between F, CI° and SO. contents, and IR

intensities of the studied the tourmaline powders.
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Figure 42. Relation between F, Cl, SO, and NOs contents, and IR

intensities of the studied the tourmaline grains.
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"O-NMR WA o] wsls gelst A, wAzAe 7kl 106HzEth W&
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A7k 7 9-+= 85Hz(CN), 82Hz(RN), 65Hz(NS), 60Hz(LN)Z LFEFyETE o]
Ae SFE By 474 AT & Ao FRW¥Es o Bol Ay
aom, AT ZAdAr7E HoAe Ae ongth 2y AR
A7) el 9% gFel WMyt Ax 2k AS & 5 Uoh(Fig. 28, 29).
AR o2 AFo AALFIE A wet A wAalgFe] FUt
HS & FAthFig. 43). AFe] AAGTE A/AES FASE Y-AolE
o} Z-AlolEo Hatm Ho] F5UdAaY FFH FFol o AujHnz
ol tigh nr} ™ A7}
S7bedl wey gAdez g
(Fig. 43). CE Y AR SFE A7IA9 A7) & 21 A7 S FE &

Ao A7|4e ARl M7 A A Wabeke] i F7bA el AEs}

o

, BT1, CTL, DTI=0& 1 gho] Yolxi, §3E oA
LSAIE7F 74 & Wb 32 dEdH, NS, RN 3 CNwo® ot
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of AAsA EAo] t)dt o7} u]$> FQstS ukedsir)
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Figure 43. Relation between a and c parameter and IR intensities of the
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Figure 44. Relation between NMR values and a and c parameter of the

studied the tourmaline powders.
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