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Characteristics of trace element composition of Sibin Bian-stone infused water
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1. Key Laboratory of Mineralogy and Metallogeny, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou
510640, China;
2. Study Centre of Traditional Chinese Medicine, Hong Kong, China

Abstract: The Sibin Bian-stone is a structurally compact micromeritic limestone with 96% of CaCOs. In order to
comprehend the quality of Sibin Bian-stone infused water for drinking, we measured trace elements in two type
infused waters, one is in pure boiled water and the other is in boiled water with added multi-element standard
solution using ICP-AES and ICP-MS techniques, respectively. The results of our study are as follows: (1) The
pure boiled infused water does not contain heavy metallic elements that are harmful to human health, such as Cd,
Cr, Cu, Pb, Zn, but contains main common elements like Ca, Mg, Sr, Na, K and Si, and their contents increase
with increasing of infusing time, but all of them are much lower than the quality indexes of national standards for
tap water of China, and the pH value of the infused water stabilizes in the range of 8.1-8.2, appearing weak
alkalinity, suitable to people’s taste. (2) In the infused boiled water added by standard solution, the contents of the
main common elements increase with increasing infusing time and pH values, but REE, harmful heavy metallic
elements, and most metallic micro-elements decrease continuously with increasing infusing time and pH values. (3)
Dissolution of CaCOg, precipitation of metallic ion carbonates, and adsorption between metallic irons and CaCO;
surface are three main factors that caused the continuous decreasing of concentrations of most metallic ions in the
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infused water. (4) Although the Sibin Bian-stone infused water is harmless, nontoxic, suitable to people’s taste,
and capable to reduce the content of harmful heavy metallic elements in the water, as well as to supply some of
useful elements Ca and K to human health, drinking of Bian-stone infused water is of little differences in
comparison with drinking of weak alkaline bottled water.
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Table 1  Compositions of water infused in the Sibin Bian-stone of two different grain sizes (ug/mL)

5 min 20 min 60 min 60 min 5 min 20 min 60 min 60 min

100 100 100 20 100 100 100 20
Al D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L.
Ba 0.0022 0.0027 0.0027 0.0015 0.0037 0.0051 0.0047 0.0026 D.L.
Ca 4.7708 5.2875 5.5843 4.3283 5.2543 6.3846 6.3903 5.3269 D.L.
Cd D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L.
Co D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L.
Cr D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L.
Cu D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L.
Fe 0.0075 0.0093 0.0087 0.0037 0.0098 0.0067 0.0070 0.0038 D.L.
K 0.0718 0.1036 0.1192 0.0566 0.1079 0.1618 0.1552 0.0740 D.L.
Mg 0.0780 0.0950 0.1275 0.0837 0.0866 0.1385 0.1568 0.0995 D.L.
Mn D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L.
Na 0.1350 0.1923 0.3077 0.1648 0.1925 0.3922 0.4273 0.2182 D.L.
Ni D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L.
P D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L.
Sc D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L.
Si 0.1316 0.1350 0.1643 0.0843 0.1233 0.1333 0.1456 0.0799 D.L.
Sr 0.0291 0.0329 0.0348 0.0263 0.0355 0.0443 0.0475 0.0317 D.L.
Ti D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L.
\% D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L.
Zn D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L.
Zr D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L. D.L.
pH 8.1 8.1 8.2 8.2 8.1 8.2 8.1 8.1 6.8

:D.L.
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Table 2 Common oxide contents of Sibin Bian-stone infused boiled water (ng/mL)
1 2 3 4 5
20 min 40 min 60 min 960 min 2400 min
1 1 1 3 3
Ca0 93232.35 140482.31 207351.82 248796.17 265916.19
MgO 609.61 926.83 1317.46 1612.20 1658.25
Na,O 218.61 292.62 405.03 442.62 466.08
K,0 56.13 79.58 128.29 151.18 220.06
MnO 23.83 32.35 47.37 52.00 53.36
Al,04 83.42 92.70 108.98 81.76 82.30
Fe;03 187.51 246.14 356.58 149.52 106.21
P,0s 33.81 47.31 62.78 23.78 18.90
TiO, 9.66 8.86 7.31 1.80 2.56
pH 1~-2 2.2 4 6 6
5 ng/mL
2 60 min 2400 min , Na,O
. pH , 1 11 K;0 1
4
(5 ng/mL) , (2)MnO , 20 min
(1)Ca0 MgO Na,O K-0 (23.8 ng/mL) , 60 min 1
( 2, CaO  MgO 20 , 960 min 1.2, 2400 min 1.24
min 93232 ng/mL 609 ng/mL 60 40 h, MnO
min 207352 ng/mL 1317 ng/mL,
2400 min 265916 ng/mL 1658 (3)Al,04 , 20 min
ng/mL , pH 6 , 83.4 ng/mL 60 min 109 ng/mL,
' Cao 960 min 2400 min 82
Na,0 K,0 CaO MgO : ng/mL ’
20 min (219 ng/mL 56 ng/mL) , ,
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ssp 7T T o o~ T T T T (4)Fe, 03  P,0s
3.0p =-16.0 : 20 min (187.5 ng/mL 33.8
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s ;’2 -4-5E ng/mL) 1 K 960 min  pH
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3.0 ]
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Fig.2 Relations of 4 common oxide contents in the Sibin Bian-stone ( CaO MgO, K,0 NaZO),
infused boiled water with the pH values and the infusion time
p Cad Mg0 NaO K,0 , ng/mL ( Al0;),
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Table 3  Contents of rare earth elements in the Sibin Bian-stone infused boiled water (ng/mL)
1 2 3 4 5
20 min 40 min 60 min 960 min 2400 min
1 1 1 3 3
La 5.41 5.78 5.79 3.72 1.83
Ce 5.68 4.68 6.38 2.52 1.85
Pr 5.37 5.02 4.41 2.98 1.14
Nd 5.05 457 5.20 2.33 1.38
Sm 5.12 4.42 4.23 2.34 1.04
Eu 5.12 4. 69 4.08 2.58 1.07
Gd 5.20 450 4.26 2.42 1.22
Th 5.03 457 4.16 2.56 1.22
Dy 5.22 4.48 4.22 2.48 1.27
Ho 5.11 4.54 4.14 2.53 1.26
Er 5.27 4.42 4.15 2.42 1.30
m 4.90 4.43 4.04 2.46 1.25
Yb 5.09 4.46 4.04 2.44 1.26
Lu 5.15 5.41 4.05 3.64 1.26
Y 5.62 5.80 6.37 4.29 2.50
pH 1~2 2.2 4 6 6

5 ng/mL
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Table 4  Contents of trace elements in the Sibin Bian-stone infused
boiled water (ng/mL)

1 2 3 4 5
20 min 40 min 60 min 960 min 2400 min
1 1 1 3 3
Sr 261.05 40590 54233  681.97 731.33
Ba 8.06 12.95  16.09 19.47 26.00
Ni 9.92 1153 13.40 15.30 16.21
Zn 9.04 1052 12.29 9.79 8.87
Cu 15.35 13.32  11.89 6.49 4.16
cr 4.00 3.51 3.30 0.89 0.53
cd 5.34 4.95 4.78 4.41 3.42
Pb 2.50 1.87 1.68 0.50 0.28
Be 6.30 5.41 5.46 457 3.98
Sc 4.76 4.34 4.23 2.77 1.52
v 4.87 457 4.45 3.11 2.48
Ga 4.63 5.39 5.43 3.27 3.95
zr 5.53 4.41 3.83 0.96 0.85
Nb 4.37 4.18 3.54 0.71 0.86
In 5.17 4.40 3.74 1.08 1.05
Cs 5.60 4.64 4.25 3.36 2.58
Hf 5.79 4.05 3.38 0.83 0.68
w 3.44 3.08 2.63 2.51 2.57
Tl 5.09 4.57 4.28 3.75 3.26
Ag 4.41 1.70 0.76 0.48 0.61
Bi 3.57 2.69 1.62 0.29 0.43
Sn 3.94 3.06 2.38 0.45 0.59
Ta 2.63 2.60 2.07 0.51 0.66
Th 5.11 4.22 3.49 0.96 0.71
Li 5.35 5.50 5.44 5.16 5.25
B 4.39 5.73 6.16 5.60 6.07
Co 6.99 6.76 6.89 7.05 7.22
Ge 5.47 5.29 5.34 5.04 4.89
Rb 5.62 5.40 5.29 4.81 4.49
Mo 4.56 4.37 4.16 4.36 4.53
Sb 4.93 4.94 5.02 4.83 4.82
u 5.28 5.33 5.44 4.98 5.31
pH 1~2 2.2 4 6 6
5 ng/mL
0.28 ng/mL  0.53 ng/mL Cd
20 min (5.3 ng/mL)

; , , 60
min 4.8 ng/mL, 2400 min 3.4
ng/mL

(3Be Sc V Ga Zr Nb In Cs Hf W
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