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ABSTRACT

This study was carried out to find out the cause of high silicate (SiOs)
content which is contained in bottled Jeju volcanic groundwater. The soils
used in this experiment were collected from 4 series of volcanic ash soil, 1
series of non-volcanic ash soil in Pyosun watershed and 5 series of forest
soil in mainland of Korea. The whole soils collected were analyzed for
chemical properties and silicate content by soil depth.

The average contents of organic matter were largest as 24.20% in
Pyeongdea series, and Pyosun watershed soils were 2~10 times higher than
mainland soils. In addition, the average available phosphorus content was

' for the Pyosun watershed soils, compared to 32.12

low as 11.31 mg kg
mg kg ' for the mainland soils. In the whole series, soil pH had tendency to
increase with soil depth and the average exchangeable cation contents were
in the order of Ca > Mg > K > Na.

The stronger the characteristics of volcanic ash soil, the lower the total
Si02 content in the soil. The average total SiO2 content in Pyeongdea,
Nogsan, and Namweon series of black volcanic ash soil was 33.2%, and Ora
and the total SiO2 content of Ido series was 45.2% on average. On the
contrary, the total SiO: content of mainland soils was 64.03% on average
which was larger than Pyosun watershed soils. In Pyeongdea, Nogsan and
Ora series, the total SiO2 content of lowestsoil was larger than topsoil.

The extractable SiO: content was analyzed using 4 different methods such
as water, 1 N sodium acetate buffer (pH 4.0), citric acid 1% and 0.5 N HCI
extraction. Extractable SiO2 content was lowest using the water extraction

but the result was similar regardless of soil series. In 1 N NaOAc extraction

the contents of Pyosun watershed soils were 2~11 times higher than
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mainland soils. The contents of Pyosun watershed soils were also higher
than mainland soils by 1% citric acid and 05N HCI extraction. Nogsan
series was largest, 0.5 N HCI extractable SiO» content as 23,414.4 mg kgfl.
By soil depth black volcanic ash soils tended to increase extractable SiOq
content with soil depth except water extraction.

The content of soil extractable SiO; in 4 different extractions was in the
order of 0.5 N HClI > 1% citric acid > 1 N NaOAc > water. Pyosun
watershed soils had low content of total SiO», but large content of extractable
Si02. However, mainland soils had large content of total SiO;, but low
content of extractable SiOs. The sum of extractable SiO; content in Pyosun
watershed soils was 15,435.0 mg kgf1 on average, which was 7.9 times larger
than mainland soils.

By soil depth the content of organic matters decreased when extractable
Si02 content increased in black volcanic ash soils. In the volcanic ash soil of
Jeju island, most of the active Al complex with humus (organic matter),
forming stabilized Al-humus complexes by rapid weathering. Allophane is
formed by combination of dissolved Si and uncomplexed Al available in soil
solution. The residual Si which is unable to form allophane remains in the
volcanic ash soil, moves downward. Therefore, the content of organic matters
content and extractable SiO:2 content are inversely related by soil depth.

In conclusion, the cause of larger silicate content in Jeju volcanic
groundwater is to be derived from extractable silicate weakly bound to soil

by genesis of volcanic ash soil, not parent material and rock.
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Table 1. Description of the sampling soils.

Soil series Sub group* Land use Cord. X Cord. Y
Pyeongdea Typic Melanudands Forest land 169,232 42,148
Nogsan Typic Hapludands Forest land 174,168 39,829
Namweon Typic Melanudands Forest land 178,171 41,957
Ora Andic Utrudepts Forest land 178,013 30,816
Ido fluventic Eutrudepts Forest land 178,129 31,254
Samgag Typic Distrudepts Forest land 308,388 565,539
Songsan Typic Dystrudepts Forest land 304,436 562,250
Deogsan Lithic Udorthents Forest land 306,122 563,263
Mudeung Lithic Dystrudepts Forest land 204,577 224,846
Osan Typic Dystrudepts Forest land 201,978 208,935

*

Collection @ jeju
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[] Pyeongdae series

[[] Nogsan series
[] Namweon series

[ oraseries

Ido series

0 1 2 3 4 5 8 7 8 9 10 Kiometers
e — ]

Fig. 1. Sampling locations for soils of Pyosun watershed. A, B, C, D, and
E mean soil series of Pyeongdae, Nogsan, Namweon, Ora, Ido serie
s, respectively.

- » T
SRR ey
T T _;"

E

Fig. 2. Sampling locations for soils of main land. F, G, H, I, and ] mean so
il series of Samgag, Songsan, Deogsan, Mudeung, Osan series, resp
ectively.
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Table 2. Chemical properties of soils used.

' ' Depth pH EC OM zi‘;voaﬂ Exch. cation (cmol” kg )
Soil series 25
(cm) (1:5)  (ds mY (%) (mg kg b K Ca Mg Na
0-20 4.3 0.33 34.77 23.0 0.25 0.36 0.44 0.17
20-40 4.4 0.79 28.01 9.5 0.14 0.36 0.42 0.11
Pyeongdea 40-60 4.8 0.47 25.05 6.9 0.17 0.43 0.40 0.16
60-80 5.0 0.24 26.49 5.1 0.11 0.42 0.32 0.18
80-100 4.7 0.22 6.67 5.9 0.10 0.27 0.25 0.13
0-20 5.7 0.21 11.77 18.1 0.11 0.29 0.37 0.13
20-40 5.6 0.21 8.42 17.0 0.14 0.44 0.63 0.17
Nogsan 40-60 59 0.14 5.02 8.2 0.08 0.56 0.98 0.16
60-80 6.0 0.15 3.57 3.6 0.12 0.77 1.26 0.19
80-100 6.3 0.16 3.17 5.0 0.12 0.83 1.35 0.19
0-20 5.2 0.29 17.89 17.8 0.23 0.44 0.39 0.12
Namweon 20-40 5.3 0.27 18.26 11.8 0.31 0.41 0.42 0.11
40-60 54 0.23 16.51 8.1 0.28 0.46 0.49 0.12
60-80 5.7 0.21 6.72 9.5 0.43 0.52 0.50 0.14
0-20 6.4 0.32 6.55 13.1 0.36 5.30 3.00 0.21
Ora 20-40 6.5 0.21 7.16 6.3 0.29 2.88 2.65 0.17
40-60 6.3 0.15 2.07 109 0.33 2.37 2.65 0.16
60-80 6.2 0.16 2.09 23.1 0.32 2.52 2.46 0.16
0-20 5.0 0.23 6.02 145 0.16 0.37 0.41 0.11
Ido 20-40 5.0 0.19 4.79 24.2 0.17 0.41 0.38 0.09
40-60 5.3 0.20 4.85 21.3 0.17 0.50 0.63 0.11
60-80 55 0.19 3.44 19.7 0.29 1.15 1.23 0.30
0-20 5.7 0.15 4,94 20.6 0.17 2.79 1.12 0.08
20-40 5.7 0.09 3.63 175 0.10 2.24 0.67 0.10
Samgag 40-60 5.7 0.07 2.28 31.8 0.06 2.19 0.80 0.10
60-80 59 0.08 2.32 21.0 0.09 2.94 0.93 0.10
80-100 5.8 0.07 2.05 35.6 0.09 2.69 0.82 0.11
0-20 5.3 0.32 3.74 21.7 0.13 3.28 1.62 0.09
20-40 5.7 0.10 2.82 27.7 0.14 2.96 1.60 0.08
Songsan 40-60 5.7 0.07 2.56 10.3 0.13 2.54 1.47 0.13
60-80 5.8 0.08 2.72 12.2 0.09 2.53 1.47 0.10
80-100 5.7 0.10 3.29 149 0.09 3.39 2.06 0.12
0-20 54 0.10 3.83 38.4 0.11 1.53 0.72 0.09
20-40 5.3 0.09 3.26 33.7 0.10 0.18 0.44 0.08
Deogsan 40-60 55 0.08 2.64 50.3 0.11 0.17 0.44 0.08
60-80 5.7 0.08 2.80 475 0.13 0.15 0.45 0.09
80-100 54 0.16 1.95 48.8 0.12 0.15 0.44 0.12
0-20 55 0.08 1.02 48.1 0.08 2.85 3.75 0.22
20-40 5.6 0.06 0.74 46.8 0.10 3.01 4.33 0.23
Mudeung 40-60 5.7 0.06 1.02 53.4 0.06 3.07 3.64 0.23
60-80 5.8 0.05 1.27 62.5 0.07 2.83 3.96 0.23
80-100 5.8 0.06 0.87 49.3 0.06 3.59 4.05 0.23
0-20 5.1 0.18 3.25 25.6 0.17 0.61 0.39 0.09
Osan 20-40 5.1 0.14 1.63 24.8 0.15 0.46 0.60 0.09
40-60 5.2 0.12 1.88 22.9 0.11 0.56 0.78 0.10
60-80 5.3 0.10 1.63 37.6 0.09 0.39 1.05 0.10
—_ 1 3 —_
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Fig. 3. Total SiO; in Pyosun watershed soils at different depths. A, B, C,
D, and E mean soil series of Pyeongdae, Nogsan, Namweon, Ora,
Ido series, respectively.
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Fig. 4. Total SiO2 in main land soils at different depths. F, G, H, I, and ]J
mean soil series of Samgag, Songsan, Deogsan, Mudeung, Osan
series, respectively.
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Fig. 5. The ratio of topsoil/lowestsoil of total SiO: in Pyosun watershed
soils and main land solils.
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Fig. 6. Comparisons of water extractable SiO; in Pyosun watershed soils
(Pyeongdae series, Nogsan series, Namweon series, Ora series and
Ido series) and mainland soils (Samgag series, Songsan series,
Deogsan series, Mudeung series and Osan series) at different soil
depths.
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1 N NaOAc extractable SiO, (mg kg?)
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Fig. 7. Comparisons of 1 N sodium acetate buffer (pH 4.0) extractable SiO-
in Pyosun watershed soils (Pyeongdae series, Nogsan series,
Namweon series, Ora series and Ido series) and mainland soils
(Samgag series, Songsan series, Deogsan series, Mudeung series
and Osan series) at different soil depths.
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1% citric acid extractable SiO, (mg kg)
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Fig. 8. Comparisons of 1% citric acid extractable SiO: in Pyosun watershed
soils (Pyeongdae series, Nogsan series, Namweon series, Ora series
and Ido series) and mainland soils (Samgag series, Songsan series,

Deogsan series, Mudeung series and Osan series) at different soil
depths.
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0.5 N HCI extractable SiO, (mg kg)
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Fig. 9. Comparisons of 0.5 N HCI extractable SiO2 in Pyosun watershed
soils (Pyeongdae series, Nogsan series, Namweon series, Ora
series and Ido series) and mainland soils (Samgag series, Songsan
series, Deogsan series, Mudeung series and Osan series) at
different soil depths.
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Fig. 10. Comparisons of ratios of four extractable SiO2 and total SiO» for
soils of Pyosun watershed at different soil depths. A, B, C, D, and
E mean soil series of Pyeongdae, Nogsan, Namweon, Ora, Ido
series, respectively.
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soils of main land soils at different soil depths. F, G, H, I, and ]

mean soil series of Samgag, Songsan, Deogsan, Mudeung, Osan
series, respectively.
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Table 3. Sum of extractable SiOs and ratio of sum of extractable SiO»/total

Si0» in Pyosun watershed soils.

_ ) Depth Sum of ext. SiO;  Sum of ext. SiOy/total SiO»

Soil series o
(cm) (mg kg ') (%)
0-20 5,939.9 1.999
20-40 8,287.5 2.650
Pyeongdea 40-60 8,370.5 2.675
60-80 11,772.7 4.071
80-100 18,438.2 5.153
0-20 21,4275 7.647
20-40 32,460.7 8.647
Nogsan 40-60 31,231.6 8.138
60-80 29,411.9 7.088
80-100 32,455.9 8.078
0-20 16,820.0 5.527
20-40 16,202.6 4612

Namweon
40-60 20,645.2 7.163
60-80 29,442.4 9.865
0-20 8,349.8 1.809
20-40 10,050.8 2.026
Ora
40-60 55776 1.104
60-80 4,820.6 0.938
0-20 5,494.6 1.345
20-40 59155 1.293
Ido

40-60 9,208.7 2.450
60-80 7,245.4 1.830
Mean 15,435.0 4.369
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Table 4. Sum of extractable SiOs and ratio of sum of extractable SiO»/total
SiO2 in mainland soils.

Depth Sum of ext. Si02  Sum of ext. SiOy/total SiO-

Soil series 4
(cm) (mg kg ) (%)
0-20 1,873.0 0.290
20-40 1,903.6 0.287
Samgag 40-60 1,366.2 0.202
60-80 1,387.2 0.208
80-100 1,689.7 0.255
0-20 2,428.3 0.402
20-40 1,793.0 0.283
Songsan 40-60 1,429.4 0.218
60-80 1,424.1 0.221
80-100 2,100.5 0.328
0-20 796.4 0.118
20-40 1,055.2 0.157
Deogsan 40-60 1,503.7 0.218
60-80 1,721.1 0.240
80-100 1,538.6 0.220
0-20 2,671.6 0.534
20-40 3,295.2 0.639
Mudeung 40-60 3,665.0 0.735
60-80 3,392.8 0.671
80-100 3,608.4 0.716
0-20 906.2 0.121
Osan 20-40 1,626.3 0.232
40-60 1,846.9 0.267
60-80 1,866.5 0.272
Mean 1,953.7 0.326
- 33 -
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Fig. 13. Comparisons between sum of extractable SiO: (O) and Organic
matter (@) in Pyosun watershed soils at different soil depths. A,
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