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A Study for Medical Mineral Reaction Controls on Artificial Body Fluid
Composition : Gastric Juice-Cinnabar Reaction and
Concentration of Mercury Complex
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ABSTRACT : The medical mineral means a single mineral or a complex of minerals. It is
natural material using the medical action of the major or the minor elements. and traditional
medicine stuff which has been used since long time ago. Jusa. cinnabar as the mineral name,
is the product of the hydrothermal process. It is used to relax the body and cure high blood
pressure, apoplexy and cardiopathy. Jusa is the major component of "An shin hwan and "Woo
hwang chung shim hwan” nowadays because it has such an excellent calm effect. In addition, it
is used to cure cancers such as esophageal cancer and gastric cancer. Jusa composed of
mercuric sulfide causes mercury poisoning such as Minamata disease. [t is dealt with
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mineralogical property and chemical composition medical stuff in Korea and China, as well
asmercury poisoning and medical action of Jusa in this study. In order to predict accumulation
of the interior of the body of the major and minor elements in Jusa, leaching experiment of Jusa
by artificial gastric juice was done as well as thermodynamic reaction modelling to know
concentration of each species of body fluid. The minor elements of 24 species such as As, Pb, Cd.
Ba and Fe by leaching reaction of Jusa and artificial gastric juice were leached. We can know
the fact that As is less than I ppm, Hg is less than 25 ppm and Cd and Mn are not detected. In
addition. mercury exists as species of Hg*", HgCl', HgCls, HgCls . HeCli®. HeCIOH., HeS(H,S)s,
Hg(HS); . HgS:* . HgOH and Hg(OH): by reaction modelling between Jusa and artificial gastric
juice. The concentration of sulfide complexes is 24.2 ppm and that of others is less than 10"
ppm. According to increasing pH. the concentration of HgS(HaS):. Hg(HS)s . HeS»® and Hg(OH);
increases, whereas the concentration of HgCl', HgCly, HeCl; and HeCli" decreases. Therefore,
Jusa is very useful for the development of new medicine because it is possible to predict
formation of the body species and species accumulation on mercury known as a toxic element and

concentration changes of toxicity and efficiency.
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Table 1. Mineralogical name and formula of the medical minerals.

4 KA me B2

Name Mineralogical Name Formula
Native elements
Keum bak(%&78) Native Gold Au
You hwang(Fi#) Sulfur S
Sulfides
Young sa (k) Synthetic Cinnabar HgS
Woong hwang (i) Realgar AsS
Orpiment As2S;
Ja yeon dong(B ) Pyrite FeS:
Ju saCREp) Cinnabar HeS
Halide
Kyung bun(##) Mercurous Chloride Heg.Cls
Oxides and hydroxides
Dae ja seok(ft#h) Hematite Fe:03
Mil ta seung(FFEH) Lead Oxide PbO. PbO;
Shin seok ({£71) Arsenolite Asz03
Yeon dan($5/H) Lead Oxide Pb30q4
Ja seok (FEH) Magnetite FesOq4
Woo yeo ryang(Tgkta) Limonite 2Fes205 - 3H.0
Sultates
Nok ban(#%) Melanterite FeSO, - TH,0
Dam ban(i&%) Chalcanthite CuS0, - 5H:0
Mang cho(¥=HH) Mirabilite Na:S0; - 10H-0
Baik ban(H%) Alunite KAL3(S04)2(0OH)s
Seok go(£E) Gypsum CaS0; - 2H0
Hyeon jeung seok(Z¥517) Gypsum CaS0; - 2H-0
Borate and carbonates
Boong sa (Wi#)) Borax Na2B407 - 10H:0
No gam seok (H&H7) Smithsonite 7ZnCO;
Yong gol (fE®) Fossil CaCOs
Seok yeon(faiE) Bone Fossil CaCOs
Jong yoo seok ($£3.71) Stalactite CaCO;
Han soo seok (FEAKTT) Calcite CaCO0;

Silicates

Chung mog seok (F#HAT)

Keum mong seok(4®1)

Seok young(Z1%)

Yang ki seok (F#ET)

Woon mo(ZH})

Jeok seok ji(FHATHE)

Hwa ye seok (6568

Hwal seok(#&71)
Organic minerals

Pﬁ)\bak(f)ﬁiﬂ)

Chlorite Schist
Mica Schist
Quartz
Actinolite
Muscovite
Halloysite
Serpentine
Talc

Amber

(Mg, Fe)sAl(ALS1),01p(OH)s
K(Mg.Fe)s(SisAl)010(OH. F)»
Si0o

Caz(Mg,Fe)s;Siz0s(OH)»

KAl (AlSi3)016(0H);
AlSi:0s(0OH)
Mg3S1205(OH),

MgaSi ;O‘;\)(OH)Q

C-H-O compound »
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Table 2. Drugs and treatments using cinnabar as presented in oriental medicine documents (Hea Jun, 1613;

Jia Kun, 1984).

Drugs Name

Treatments

Ga mi gae veol san{/WREIEARD)
Ga mi ja ju hwan{hmRREESR ML)
Keum ryoun hwan(&#:4)

Ki su hwan(f£ERAL)

Mok hyang bo myoung dan{(A&K&{Ha 1)
Myo hyang hwan(#& i)

Sa mul an shin tang(U¥pZomis)
So chim hwan (A1)

Shin bo won(ifkiT)

O yeon dan(FHIEF)

Yong noel an shin hwan(Fulzcim i)
Yong seok san(FIE0

Woo hwang go(4 %)

Woo hwang chung shim eum
(FHH0RK)

Ip hyo je jung dan(3&Fskst)
Ja in hwan (B#[Ht)

Jung myoung san{EHH)

Jung baek hwan(E# L)

Ja sa an shin hwan(EFZo L)
Jin sa ik won san(RWEITED
Po ryvong hwan(ff i)

Ho bak seo kak go(¥EiiEAH)

esophageal cancer

amblyopia

neurasthenia

gastric cancer. lung cancer. uterine
apoplexy, limbs paralysus

fever

anxiety

vomiting, diarrhea

diuretic

hemangioendotheliama

epilepsy

stomatitis, gingivitis

gingivitis

facial paralysis. limbs paralysus,
apoplexy. abalienation
gastroenteric disorder, cacochymia
brain cancer

hematidrosis

epilepsy

insomnia

fever. delirium

convulsion, coma

stomatitis. gingivitis
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Table 3. Data used in mercury speciation modelling (pH =1.2 at 37T).

Aqueous Species ppm Moles Molality
H:0 0.94486E +06 0.94486E +00 0.10000E +01
cr 0.54823E +05 0.15464E+01 0.16366E+01
S 0.58100E+02 0.18122E-02 0.19180E-02
Ca*’ 0.83300E +02 0.20783E-02 0.21996E-02
Mg® 0.90300E +01 0.37142E-03 0.39310E-03
Fe™* 0.48200E +01 0.86307E~-04 0.91344E-04
K' 0.53000E +02 0.13554E-02 0.14345E-02
Na’ 0.40500E +02 0.17617E-02 0.18645E-02
Mn®" 0.74000E +01 0.13470E-05 0.14256E-05
Zn’' 0.38600E +02 0.59048E-03 0.62494E-03
Cu’ 0.10900E +01 0.17155E-04 0.18156E-04
Pb** 0.28000E +01 0.13514E-04 0.14303E-04
He'' 0.24300E +02 0.12114E-03 0.12821E-03
s’ 0.31000E +00 0.35380E-05 0.37445E-05
Ba®' 0.66000E +00 0.48056E-05 0.50860E-05
Bi 0.18000E-01 0.22500E-06 0.23813E-06
Cr 0.92000E-01 0.11500E-05 0.12171E-05
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Table 4. X-ray diffraction pattemn of medical cinnabars.

o REAe) T

Cl K1 K2
I[/lo cinnabard(A)* _— . —_— —_—
26  intensity d(A) 26  intensity d(A) 26  intensity d(A)

100 3.37 26.54 726 3.3585 | 26.46 7858 3.3710 | 26.58 2065 3.3536
80 3.16 28.2 293 3.1645 | 28.12 2050 3.1733 | 28.24 523 3.1601
100 2.86 31.22 751 2.8649 | 31.18 6954 2.8685 | 31.26 1876 2.8631
80 2.07 4364 263 2.0741 | 43.58 2538 2.0768 | 43.66 466 2.0732
80 1.98 4518 215 1.982 | 45.72 1651 1.9844 | 45 .86 491 1.9787
* JCPDS card No. 6-256.
K2 ANE7F 2.8631 AR 7H4 && 2he 7t 7 [FAA7E Azl ook Al B dAdM T2
T (intensity)t ZAL7l & Kl 87 7} Alela lan, A7 dHS #o] ] wiof
gl & 26°9 30° SANAM BE7} MY mo, FAF Foll 2ghe n@dad A4 Fad oo
38°9F 430 1 oo ZEE e g zhet) (AR, 1987). whebd B dAFoA =

Table 5. The result of extracted concentration (ppm) by reaction of cinnabar and artificial gastric-juice.

Sample no. Cl K1 K2 Rl R2 R3 R4
Hg 0.1 0.3 0.2 24.3 22.3 17.1 13.7
As 0.4 0.6 0.3 nd nd nd nd
Pb 1.9 1.2 3.3 2.80 8.32 0.27 1.49
Ca 374 64.9 3532.2 83.3 4630 39.7 127
Mg 5.5 11.2 805.3 9.03 1860 1.37 2.50
Na 85.7 79.8 119.8 40.5 14.7 54.8 53.8
Ba 1.9 2.9 35.2 0.66 681 0.25 0.32
K 95.4 96.17 107.3 53.0 88.8 34.7 58.3
Fe 103.9 451 58.3 4.82 51.9 3.16 1.07
Al 36.1 13.1 41.8 nd nd nd nd
Sr 0.2 0.3 3.6 0.31 15.6 0.29 0.34
Cu 3.2 4.9 12 1.09 0.79 nd 0.17
Mn nd nd nd 0.07 6.79 0.039 0.06
Zn 25.3 2417 18.4 386 279 3.41 25.6
Cr 14.4 7.2 6.7 0.09 0.79 nd nd
\ nd nd nd 0.09 1.04 nd nd
Mo nd nd nd nd 0.04 0.12 nd
Be nd nd nd 0.04 nd nd nd
Ni 7.2 3.6 3.2 1.99 2.54 1.50 0.23
Bi nd nd nd 0.02 nd 0.019 nd
Cd nd nd nd nd nd nd nd
Co 0.1 0.1 0.1 nd nd nd nd
S 43.2 30.1 103.4 58.1 340 70.6 121
P nd nd nd nd 8.69 nd nd

nd : not detected: R1 to R4 data from &t et al. (1989).
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Fig. 1. Concentration of mercury species according on pH dependance.
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Table 6. Reactions of mercury (Reed and Spycher, 1989).

Equilibrium constant (log k)

Reaction
25T 50T
Hg (aq) + 2% HY + —41~ SO~ + 4C1™
, 1 2.48 2.94
© HgCli” + 4 HS™ + HO

Hg (aq) + % 0, + 2H" + 4C1~ & HgCl™ + H.0 37.06 34.55
Hg®" + 4C1~ & HgCl}~ 16.38 15.62
Hgi' + 2+ H* + £ S0f" +8C1°

, ! 10.46 10.38

© 2HeCli + - HS™ + H0

Hgl® + 2H' + —é 0, + 8Cl & 2HgCl}™ + H.0 45.04 41.99
HgCl* + 3Cl~ & HgCli™ 9.00 8.54
HgCl, + 2C1~ & HgCl3~ 2.14 2.07
HgCly + C1™ & HgCl3™ 1.45 1.49
HegCIOH + H™ + 3C1~ ¢ HgCl3~ + HO 11.98 11.24
HgF* + 4C1~ & HgCli™ + F 14.78 13.94
HgS(H.S)s + 4C1~ & HgCl}™ + HY + 3HS ™ -32.15 -30.22
HegS(H,S), + 60, + 4C1~ <> HgCli™ + 4H* + 3805~ 382.87 349.10
Hg(HS); + 4Cl" < HgCl} + 3HS™ -25.90 -23.84
Hg(HS); + 60, + 4C1~ < HgCl{™ + 3H™ + 3HS” 389.12 355.48
HgOH® + H* + 4Cl~ < HgCli™ + H,0 19.78 18.60
Hg(OH), + 2H" + 4C!” = HgCl:™ + 2H,0 22.55 21.22
HgSs + 2H' + 4Cl~ & HgCli™ + 2HS” -7.91 -6.61
HgS; + 40, + 4C1™ & HgCli™ + 2503~ 268.77 246.27
10" ppmol #ahaich o2& wkeA] (Table 5) HesH )9 s Z7kete 34 wolth
o FYEE gol A dehs vhed o), HeCly” 54 2de] FAQETN FEYEE ok gy
o HRBAT YAGE- Zog whiol 2 TEEAS Mol AAEE TUG 2o Ay
B7) Qo watk pH7b 2vhae) wel & shzdl wet okgo] HY|E sta, HEo] Hv|%
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Haslm, o88b B e (HeS(H.S),, Hg(HS); ol gy =2 e TAlsHA] @om wi: Blo]
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