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Mineral Characteristics of Spring Water in Chonnam
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Abstract

Minerals of spring water in 47 sites of Chonnam were analyzed. Samples were collected 2 times, autumn and
winter. The mineral concentrations (mean value) at maximum distribution rate were Ca 3.9, K 0.78, Na 7.4,
Mg 0.7, Si 9.4, Ba 0.004, Ni 0.007, F 0.16, C1 4.9, SO, 1.5, Fe 0.001, Zn 0.002 ppm, respectively. In case of
Na, K, Ca, Mg, Si, Cl, Ba and Ni, the correlation coefficient was positive (p<0.05). K and O values were
used as the indexes of healthy and delicious water. The K and O indexes of spring water which appeared to
be good for health and deliciousness were 6.3 and 5.2, respectively. 98% of spring water in Chonnam ap-

peared to be good for health and deliciousness.
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Table 1. The contents of major, minor and trace elements in spring water
Site Number of Contents (mg/L)
Spring Water Ca K Na Mg Si Fe Zn Cu
1 10.7+0.64" 247+1.71 79.7+10.2 2.50+0.80 10.8+0.71 ND? ND ND
2 73+037 084+0.04 106122 1.83+0.13 11.6+0.84 0.008+0.001 0.016+0.001 0.002+0.001
3 85+0.17 062+0.03 123%0.89 3.04+0.04 14.3+0.69 0.006+0.001 0.002-4+0.001 0.001+0.001
4 7.7£0.60 049+0.02 104+£195 2924022 13.9+146 0.015+0.002 0.0024+0.001 0.002+0.001
5 11.6+045 0.16+0.01 6.6+0.10 3244018 13.0:+0.51 0.004+0.001 0.006+0.001 ND
6 1214005 4454017 33.1%£2.09 3.79+£0.09 124+1.05 0.001-+0.001 0.004+0.003 0.001+0.001
7 254002 083%0.03 554021 2.06+0.52 5.9:+0.17 0.0021+0.001 0.019+0.002 0.001+0.001
8 42+099 030+0.03 69+020 0.84+0.11 7.9+0.33 0.007+0.001 0.003-:0.002 0.001+0.001
9 0.7+0.07 066003 3.9+0.24 0.35+0.05 7.7+0.14 0.0181+0.004 0.001+0.001 ND
10 0.6+0.08 047+0.08 24+0.27 0.391+0.01 5.0:£0.27 0.001£0.001 0.005+0.001 ND
11 3.1+0.16 0.78+0.02 84+0.24 0.62+0.04 9.6+0.15 0.001+0.001 0.007+0.003 0.00110.001
12 5.0+0.72 2024005 12.0+099 3.42+0.35 5.6+0.82 0.001+0.001 0.00340.003 0.00110.001
13 154002 046+0.02 79+022 124+0.01 11.11+0.29 ND 0.003+0.001 ND
14 234029 0531£0.02 9.0+031 0.68+0.05 12.3:£0.55 0.002+0.001 0.003+0.002 ND
15 47059 094+001 8.0+0.14 1.82+0.05 9.8+2.91 0.00910.004 0.011+0.006 0.001+0.001
16 41+071 063+005 7.6+0.34 1.68+0.14 8.54+0.17 0.009+0.001 0.004+0.002 ND
17 125+£0.65 0.254+0.01 16.0+0.78 1.03+0.07 9.2+0.28 ND 0.001+£0.001 ND
18 3.0+£0.06 1.00+0.08 6.9+032 1.25+0.05 8.2:£0.61 0.01110.002 0.005-£0.002 0.001+0.001
19 92+036 1.97+0.07 251+129 3.11+0.02 92+0.84 0.0011+0.001 0.016+0.001 0.002+0.001
20 22+013 0.80+0.01 554065 0.48+0.01 9.1:£0.32  0.002+0.001 0.006+0.001 ND
21 50£0.10 0.73+0.03 8.1+0.05 0.794+0.08 7.3+0.50 0.00240.001 0.00240.002 0.004+0.004
22 9.0+0.52 1.61x029 1334093 1.92+0.21 11.3:£0.73 0.001£0.001 0.001+0.001 ND
23 3.1£0.16 099+0.06 59+029 1.13+0.04 7.8+0.34 0.01240.002 0.001+0.001 0.00140.001
24 13.4+1.19 0771006 7.0+0.67 0.87+0.07 6.4:£0.27  0.002:0.001 0.004+0.001 ND
25 66.8+1.45 196+0.19 1724126 12.6+0.78 5.0+0.10 0.002+0.001 0.009+0.008 0.001+0.001
26 9.7+1.39 1.29+0.05 13.8+1.27 236+0.04 9.9:£0.29 0.005:£0.001 0.002+0.001 ND
27 11.2+1.61 1.21+0.12 205+1.27 423+0.09 15.1:£1.45 0.006+0.004 0.00240.001 0.00140.001
28 11.8+2.45 0344002 4.4+047 527+0.19 3.94+0.07 0.001+0.001 0.0022:0.002 0.002+0.002
29 6.4+024 0.18+0.02 1.1+0.02 0.32+0.03 3.0:£0.05 0.0031+0.001 0.003£0.002 0.00140.001
30 6.3+139 0.83+0.05 10.7+0.88 1.01+0.17 6.9+0.48 0.004+0.001 0.006+0.003 ND
31 554050 0.78+£0.07 93+0.84 1.69+0.03 7.0+0.16 0.001+0.001 0.001£0.001 0.001+0.001
32 5.6+0.11 0.92+0.04 142+1.30 1.48+0.02 15.6:+0.63 ND 0.002+0.001 0.0011£0.001
33 1474139 0.68+003 98+187 4.091+0.18 9.0£0.12 0.001+0.001 0.008-+0.007 0.001+0.001
34 81+0.24 0.67+0.06 33+0.16 1.14+0.12 392014 0.027+0.016 0.006+0.004 ND
35 3.6+0.57 0.80+0.02 63+0.11 1.61+0.18 6.27:0.54 0.009%0.002 0.001+0.001 ND
36 1.1+0.29 045+0.03 3.7+0.39 0.53+0.07 3.220.34 0.0061+0.001 0.004+0.002 ND
37 344250 0.85+0.17 8.4+3.68 1.031+0.29 5.0-1.11 0.0264+0.002 0.002+0.001 ND
38 304033 043+004 89+0.12 0.57+0.05 8.6:£0.03  0.0071:0.002 0.006+0.001 ND
39 514011 0.78+0.10 11.0+0.79 1.324+0.05 6.4+042 0.004+0.001 0.004+0.002 ND
40 55+0.04 057+0.07 11.6+1.02 0.71+0.03 9.1:0.79 0.001£0.001 0.047+0.015 ND
41 1.8:£0.02 0.35+0.02 63+042 0.79+0.05 5.9+40.25 0.002+0.001 0.011+0.002 0.001+0.001
42 6.61+0.16 0.67+0.02 103+1.22 1.65+0.02 7.5£0.27 0.0010.001 0.003+£0.001 0.001+0.001
43 1.5£0.04 152+047 11.7+0.79 0.80+0.01 9.24£0.12 0.004+0.002 0.009+0.002 0.001+0.001
44 1.8+0.03 0.68+0.05 1294193 049+0.01 1321039 0.012+0.001 0.006+0.001 ND
45 3.6+0.03 0.76+0.04 1344172 1.03£0.02 11.1+0.13 0.010£0.002 0.004+0.001 0.001+0.001
46 9.7+0.21 1.33%£0.11 264+339 173+0.14 158+0.53 0.0014+0.001 0.019+0.001 0.003+0.001
47 228x0.30 1.86+0.14 41.0+2.76 4.23+0.19 9.0+0.13 0.01040.004 0.036+0.002 0.00110.001

YMean + standard deviation of four measurement. ”ND: Not Detected.
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Table 2. The contents of ultratrace and anion elements in spring water

Site Number of Contents (mg/L)
Spring Water Al Ba Sn Mn Ni Ag F al SO,
1 ND®  0018+0.003°  ND ND 001240001 ND  0.1840.03 343+114 99+172
2 0.020£0.006 0.003£0.001  ND  0001+0001 0.008+0001 ND 0124002 51+026 3.8+1.33
3 0.008+0.001 0.005-0.001  ND  0.002+0001 0.008+0.002 ND  0.10+001 64+050 0.5=0.14
4 0.031+0.002 0.003--0.001 0.004--0.001 0.001+0.001 0.011+0.001 0.001+0.001 0.07+0.02 63+114 2.0+0.71
5 0.006+0.001 0.002+0.001 0.002+0.002  ND  0011+0001 ND  0.09+003 47+091 05+0.14
6 0.002+0.001 0.115+0.007  ND  0.002:0.001 0.008+0002 ND  0.10+003 174159 0.7+0.34
7 0.0060.001 0.006+0.001  ND 000240001 0.010+0001  ND  020+004 46+129 264043
8 0.021=-0.002 0.005-0.001 0.001+0.001 0.001+0001 0.007+0.001 0.001-£0.001 0.15+0.02 53+2.19 19+0.24
9 0.091+0.010 0.012=-0.002  ND  0.001+0.001 0.0084-0.001 0.001-£0.001 0.12+0.03 39+131 0.7+0.08
10 0.004-0.002 0.006==0.001  ND 00010001 0.0041£0001  ND  024+004 51+216 3.0+085
11 0.002+0.002 0.005+0.001 000140001  ND  0008+0001 ND 0114002 45+117 1.0+036
12 ND 0.016=0.001 0.001+0.001 ND 0.004+0.001 0.002:+0.001 0.10+£0.02 8.5+135 51+1.79
13 ND 0.008=0.001 0.001+0.001 0.001+0.001 0.008+0.002 0.001+0.001 0.10+0.02 4.2+0.52 7.1+0.44
14 0.002:-0.002 0.013=0001  ND ND  0011+0001 ND  006+001 43+127 10.0+360
15 0.018+0.006 0.005=-0.002 0.001+0.001 ND 0.006+0.001 0.0010.001 0.32+£0.14 6.5+1.34 141045
16 0.0192-0.001 0.002=0.001 ND ND 0.0071+0.001 0.0030.001 0.31+0.07 53+£1.01 1.6+049
17 ND  0.002=0001  ND ND  0004+0000 ND  129+018 44+110 88+133
18 0.001+0.001 0.003=0001  ND  0.005+0.002 0.009:£0.001 0.001:+0.001 0.11+0.04 48:+112 32+130
19 ND  0002=0.001 ND  0.012+0.002 0.007+0.001 0.001--0.001 0.09+0.02 13.0+1.55 7.8+1.16
20 0.004+0.001 0.005=0.001  ND ND 000740001 ND  0.15+001 55+123 2.0+0.53
21 0.003+0.003 0.006=0.001 0001£0.001  ND  0.007+0.001 0.001=0.001 0.15+0.04 63+091 32+141
2 ND  0033=0001 000140001  ND  0006+0001 ND 0204003 74+051 144053
23 0.020-0.001 0.004=0.001 0.001+0.001 ~ ND  0.007+£0001  ND 0124003 48+097 3.0+041
2 0.003:+0.002 0.016=0.001  ND ND  0.005+0001 ND 0234004 62+059 33+044
25 CND  0.031=0001 000140001  ND  0.005+0.001 0.002:0.002 0.53£0.07 4.8+1.28 87.8+3.49
26 0.012+0.002 00120001  ND  0.001+0.001 0.006:-0.001 0.001:+0.001 0.26+0.06 54184 3.9+1.12
27 0.010+0.011 0.004=0.001  ND ND  0.010:0.001 0.003£0.001 0.28+0.04 1214211 55+1.06
28 0.001--0.001 0.005-0.001  ND ND  0.003+£0000 ND  028+002 54=099 13+029
29 0.004-0.001 0.004=-0002  ND  0.001+0.001 0.002£0000 ND  0.14+003 45156 2.1:+0.69
30 0.007-£0.004 0.003=0001  ND ND  0006+0001 ND  0.16+004 64+110 38+086
31 0.001+0.001 0.005--0.001 ~ ND 000140001 0.006:+0001  ND  0.07+003 7.7:094 25+0.56
32 ND  0007=0001  ND ND  0015£0002 ND 020123 73+152 15+049
33 ND  0.001=0001  ND ND  0.007+0001 ND 0364004 63+121 30+041
34 0.025=0.003 00070001  ND  0.001+0.001 0.004+0.001 0.001+0.001 (.12+003 57+101 44111
35 0.013=0.003 0.005-0001  ND ND  0005£0001 ND  023+005 74+098 23+0.77
36 0.004=0.001 0.013=0002  ND  0.001+0.001 0.003:+0001  ND 0084002 64+1.10 2.1:+049
37 0.061+0.002 0.022=-0002  ND  0.001:0.001 0.005::0.001 0.001£0.001 0.10+0.02 7.6:0.63 1.6+0.99
38 0.013+=0.002 0.003=0.001 ND ND 0.007£0.001 ND 0.23£0.07 54x068 09+0.19
39 0.006=0.002 0.008=0.001 0.001:-0.001 0.001:+0.001 0.005:+0.000 0.0024-0.001 0.29+0.05 7.8:026 50+095
40 0.003=0.001 0.009=0001  ND  0.001+0.001 0.009+0.001 0.001-£0.001 0.10+002 7.0=086 2.9+1.02
41 0.004=0.002 0.004=0.002 0.001+0.001 0.001+0.001 0.006+0.001  ND 020008 62=095 3.4+097
42 0.001=0.001 0.00220001  ND ND  0006+0000 ND  031+006 7.7=0.59 10.6=1.30
43 0.012:-0.003 0.040-0.002  ND  0.003£0.001 0.008£0001  ND  0.19+004 94-119 244072
44 0.037-0.004 0.00120001  ND  0001+0001 0.013£0001  ND  0.18+£0.10 64=0.77 03+0.14
45 0.0230.007 0.005+0.001 0.001+0.001  ND  0.012:£0.003 0.002=0.001 0.30+0.03 49+137 09+0.44
46 0.001=0.001 0.0080001  ND  0002:+0001 0015£0003 ND  021£007 95154 21+064
47 0.006=0.004 0.039+0.007 ND 0.00240.001 0.011+0.002 ND 0.204:0.05 250183 13.7=1.75

YMean + standard deviation of four measurement. “ND: Not Detected.
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o S O oty ARRAE QYA AR B 29 N,
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Table 4. Correlation coefficient between minerals
Item Na K Ca Mg Si SO, d F Ba Ni Zn Fe Mn Cu Al Ag ©Sn
Na 1 066* 028 027 035% 017 0.93** 0.06 0.38**0.42** 0.16 -020 0.10 0.06 020 -0.04 -0.12
K 1 034* 041** 019 024 0.65** -0.10 0.83** 0.15 0.09 -0.15 023 011 -0.16 006 -0.13
Ca 1 0.90%*-0.06 0.91** 0.17 034* 0.26* -0.07 0.14 -0.14 004 012 -022 019 008
Mg 1 001 0.80** 0.19 021 0.28* 003 007 -0.16 -0.001 021 -0.22 028* 0.5
Si 1 -017 019 -005 0.08 0.81** 0.03 -0.14 001 017 -004 -001 019
SO, 1 004 031* 016 -011 009 -0.13 -004 003 -0.16 025 0.08
cl 1 -0.09 0.43** 030* 021 -0.12 012 003 -0.17 -0.08 -0.17
F - 1 -009 021 -008 -020 -020 -0.11 -0.15 0.07 -0.11
Ba 1 001 007 -008 003 -002 -0.06 -0.09 -0.09
Ni 1 024 -003 008 020 006 -0.04 0.12
Zn 1 008 022 013 -014 -005 0.16
Fe 1 005 -0.16 0.79** 024 0.10
Mn 1 023 -0.08 004 -015
Cu 1 017 002 022
Al 1 020 007
Ag 1 0.21
Sn 1

Drxp20.01, 2* p<0.05.
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Fig. 1. K and O indexes distribution of 47 spring water in Chonnam area.

Table 5. The average mineral concentration of select-
ed healthy and delicious spring water

Minerals (mg/l)

Site Number of

Spring Water ¢, K Na Mg Si0, SO,
5 116 016 66 324 278 05

24 133 077 69 087 135 33

28 1.8 034 44 527 81 12

29 64 018 11 032 64 21

33 147 068 98 409 192 30

34 81 069 33 114 83 44
Average 11.0 047 54 249 139 24
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