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ABSTRACT: All soluble substances for coastal shallow well waters were higher than those for the inland
well waters in the Kinokawa River catchment along the Median Tectonic Line in Wakayama Prefecture,
Japan. Coastal areas were thought to have been contaminated by sewage wastewater due to a high population.
Shallow groundwater is thought to have derived from precipitation because all shallow groundwater is on the
Global Meteoric Water Line. There are many hot springs in the Kinokawa River catchment along the Median
Tectonic Line in Wakayama. Most hot spring waters are thought to originate from mixing of shallow
groundwater and Arima type deep thermal water because of their 880 and 8D values. High Li" concentration
water was found for Arima type deep thermal water. In particular, Li* concentration of Nohan No.5 borehole,
1100m in depth, in the center of Kinokawa River catchment reached 100 mg/I and this value was the highest
in Japan. However, both 5'®0 and 8D values for hot spring waters did not always increase with Li* and
HCO; concentrations although both 80 and 8D values increased with Na* and CI concentrations. Li*
concentration for hot springs increased with HCOj3™ concentration. Therefore, the Li source was determined
not to be different from Na" and CI source.
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1. INTRODUCTION comparing surface and deep groundwater.

Groundwater is widely used for agriculture, N R
industry or domestic purposes. Therefore, it is ) e’
necessary to conserve groundwater sources around i TS
the globe as well as determine their origins. L Mo J
Precipitation is the main source for groundwater. § oS g B ATge 37
However, seawater is also an important source of o. 7% e =gt et
groundwater near the sea. In recent years, the }E:: S Jy =~
origin for saline hot spring water has been studied .j B, 7 4 Kinokawa River
and some hot spring origin is now thought to be ‘ W2/ Catchment
metamorphic dehydrated fluid, not precipitation or AT LY.
modern seawater[1]. .

The study area, the Kinokawa River catchment, Fig.1 Study area
lies along the Median Tectonic Line[2]. In and
around the Median Tectonic Line, certain 2. STUDY AREA
metamorphic water is known as Arima type deep
thermal water, which shows a high salt type (Na- Fig.1 shows the location of the study area in
Cl type)[3], has been found even in areas far from northern Wakayama Prefecture. The Kinokawa
volcanic areas[4,5]. However, there are few reports River, approximately 136 km long, flows from east
which mention the influence of Arima type deep to west in the area. The river flow rate is estimated
thermal water on the hot springs in Kinokawa at 37.4 m%/s on average[6]. The Median Tectonic
River catchment[2]. Therefore, in this study, Line (MTL) is at the center of the Kinokawa River
detailed sampling for hot spring and shallow catchment[2]. The center of the Kinokawa River
groundwater was performed. The purpose of this catchment was composed of alluvial sediments on
study was to clarify the characteristics of the Sambagawa metamorphic rocks. At the north
groundwater chemistry in the Kinokawa River and south parts of the Kinokawa River catchment
catchment along the Median Tectonic Line and were the lzumi Group sedimentary rocks and the
groundwater chemistry changes with depth by Sambagawa metamorphic rocks. The Median
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Tectonic Line (MTL) is the boundary between the In the early period of those studies, one of the
Izumi group and alluvial sediments. Most shallow most important characteristics of Global Meteoric
wells and hot springs are found within these Water was found[7]. Generally, §®0 and D
alluvial sediments. values in rain water are located in the vicinity of
A “g VeAQ 4 the Global Meteoric Water Line of equation (3) [7].
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Fig.2 Shallow house well sampling points in the
Kinokawa River catchment
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3. METHOD ©
80
There are numerous private house wells and B 60 &
hot springs in the Kinokawa River catchment. o
Fig.2 and Fig.3 show each sampling point of 40 Y%
shallow house wells and hot springs. Sampling +§ + > &
was performed from April 2012 to November 2016. 2 ﬁ’ .
The depth of shallow wells and hot springs were *Mf
less than 10 m and 10 to 1500 m. Soluble 30 40 50 60
substances were measured by ion exchange well No.
chromatography. The concentration of HCO;_ for Fig.5 Distribution of Na* and CI" concentrations
the sampled water was measured with a TOC for shallow groundwater.
analyzer. Stable hydrogen and oxygen isotopic
ratios were measured by a mass spectrometer
(Sercon Geo Wet System) with dual inlet and 280 w ; ; 10
equilibrium with CO, and H. gas m_ethod. ol @ -+ HC03- O Ca2+| 60
Generally, oxygen and hydrogen isotope ratios are
expressed as '°0 and 8D. They are presented as 200 + 50
per mil (%o) of the standard average secawater > %\ >
(SMOW: Standard Mean Ocean Water)[7]. The £ 160 R AT 40 £
formulas are shown in equation (1) and (2). %0 S 190 %2 <y Qj% @ ‘ 30 ‘t‘g
alréd 186D of SMOW are deglsoted as (D/H)smows = ﬁ %1 %; I <j>j g
(*°O/™0)smow and 6D and 30O of the sample are 80 B, W20
denoted as  (D/H)samper  (PO/*O)sampe.  The R S 7
measurement error of oD is +1.0% and 40 = =5 ®+ 10
. o % P
measurement error of 5'°0 is +0. 1%o. 0 % 0
0 10 20 30 40 50 60
= [ (D/H)Samp|e/(D/H)5Mow'1]X].OOO (1) well No.
Fig.6 Distribution of Ca®* and HCOj7
§'%0= [(*°0/*°0)sampie/ (°0/*°O)smow-1]x1000 (2) concentrations for shallow groundwater.
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4. RESULT

4.1 Shallow groundwater sampled at a private
house well

Fig.4 shows the distribution of 8'*0 and 8D
values for shallow groundwater sampled at a
private house well more than 10 m in depth. Well,
numbers are shown in Fig.2. *®0 and 8D values
for coastal wells (well numbers 1 to 30) were
mainly -8 to -6 %0 and -54 to -38 %o respectively.
80 and 8D values for inland wells (well numbers
over 30) were mainly -8 to -4 %o and -54 to -30 %o
respectively. 8'%0 and 8D values for coastal wells
were more uniform than those for inland wells.

Fig.5 shows the distribution of Na* and CI’
concentrations for shallow groundwater. Well,
numbers are shown in Fig.2. Na" and CI
concentrations for coastal wells (well numbers 1 to
30) were mainly 10 to 30 mg/l and some good
concentrations reached over 100 mg/l. Na* and CI
concentrations for inland wells (well numbers over
30) were mainly 10 to 20 mg/I although some good
concentrations were about 30mg/l. Then, Na* and
CI' concentrations for coastal wells were higher
than those for inland wells.

Fig.6 shows the distribution of Ca?* and HCO5"
concentration for shallow groundwater. Well,
numbers are shown in Fig.2. Ca®* and HCOj
concentrations for coastal wells (well numbers 1 to
30) were mainly 10 to 40 mg/l and 40 to 160 mg/I
respectively, some well’s concentrations reached
over 50 and 200 mg/l respectively. Ca** and HCO5"
concentrations for inland wells (well numbers over
30) were mainly 5 to 30 mg/l and 20 to 120 mg/I
respectively while some good concentrations were
over 30 and 120 mg/I respectively. Then, Ca?* and
HCO;™ concentrations for coastal wells were higher
than those for inland wells.

Fig.7 shows the distribution of K" and NOj
concentration for shallow groundwater. Well,
numbers are shown in Fig.2. K" and NOj
concentrations for coastal wells (well numbers 1 to
30) were mainly 0 to 15 mg/l and 0 to 30 mg/I
respectively. K" and NO; concentrations for
inland wells (well numbers over 30) were mainly 0
to 5 mg/l and 0 to 30 mg/l respectively while some
good concentrations were over 5 and 30 mg/I
respectively. Then, K™ and NO;™ concentrations for
coastal wells were higher than those for inland
wells. NO3;™ concentrations of some wells exceeded
the Japanese Environmental Standard (44mg/l).

Fig.8 shows the distribution of Mg?* and SO,*
concentration for shallow groundwater. Well,
numbers are shown in Fig.2. Mg* and SO,*
concentrations for coastal wells (well numbers 1 to
30) were mainly 2 to 20 mg/l and 20 to 80 mg/I
respectively and some wells concentrations
exceeded 20 and 100 mg/I respectively. Mg®* and
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SO,* concentrations for inland wells (well
numbers over 30) were mainly 1 to 10 mg/l and 5
to 50 mg/l respectively and some good
concentrations were over 10 and 50 mg/l
respectively. Mg®* and SO, concentrations for
coastal wells were higher than those for inland
wells. Therefore, all soluble substances for coastal
wells were higher than those for inland wells.
Coastal areas were thought to be influenced by
sewage wastewater because coastal wells are
located near a high population area, namely
Wakayama City. 8*°0 and 8D values for coastal
wells were more uniform than those for inland
wells.
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Fig.7 Distribution of K" and NO; concentration
for shallow groundwater.
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Fig.8 Distribution of Mg®* and SO,* concentration
for shallow groundwater.
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Fig.9 shows 50 and 8D values for shallow
groundwater and hot spring water.
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Fig.11 Na® and CI" concentrations for shallow
groundwater and hot spring water.
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Fig.12 Ca*" and HCO; concentrations for shallow
groundwater and hot spring water.

4.2 Hot spring water sampled at commercial
borehole for spa more than 50 m in depth.

Fig.9 shows 80 and 8D values for shallow
groundwater and hot spring water sampled at
commercial borehole for spa more than 50 m in
depth. All 80 and 8D values for shallow
groundwater were on the Global Meteoric Water
Line[7]. On the other hand, 5'°0 and 8D values for
hot spring water were in the area connecting the
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Global Meteoric Water Line with Arima type deep
thermal water[3]. The yellow circle in Fig.9 was
Arima type deep thermal water. A deep depth hot
spring was located close to Arima type deep
thermal water. 5'%0 and 8D values for hot spring
water were not in the area connecting the Global
Meteoric Water Line water with the seawater value.
Therefore, the hot spring was not a mixing of
seawater and shallow groundwater. A mixing of
shallow groundwater and Arima type deep thermal
water or an oxygen shift from the Global Meteoric
Water Line were other possibilities for the origin
of hot spring water. 6D values for Andesitic
magmatic water were -30 to -10 %, and §'°0 and
3D values for hot spring water were not on the area
connecting the Global Meteoric Water with
Andesitic magmatic water values[8].

Fig.10 shows &'%0 values and CI" concentration
for shallow groundwater and hot spring water. CI’
concentration for hot spring water was very high
relative to shallow groundwater. CI" concentration
increased with 5'™0 values and both CI
concentration and &0 values in some samples
exceeded seawater values. As a result, seawater
mixing was not thought to be the reason for an
increase of CI" concentration and 8'®0 values.
From Fig.9 and 10, all 8D values for hot spring
water were lower than that of seawater. Hot spring
water with both high CI" concentration and high
30 value was not always found near the coast.
CI" concentration and 820 values at the deep hot
spring were high. The CI" concentration for Arima
type deep thermal water is twice of that for
seawater[1,3]. “Oxygen shift” is an oxygen isotope
change between water and minerals under high
temperature. CI° concentration change is very
small because the CI" concentration of mineral is
very low. Thus, from Fig.9 and 10, hot springs in
the Wakayama River catchment were thought to be
a mixing of shallow groundwater and water with
high CI" concentration and high 5'°0 value. The
high CI" concentration and the high §'*0 value
were thought to be Arima type deep thermal
water[1,3].

Fig.11 shows Na" and CI" concentrations for
shallow groundwater and hot spring water. Na*
concentration increased with CI" concentration
linearly from shallow groundwater to hot spring
water and seawater was on the line. Arima type
deep thermal water is Na-Cl type[1,3]. Maximum
Na" and CI" concentrations for hot spring water
were greater than those of seawater. Most hot
springs were thought to be mixing of shallow
groundwater and Arima type deep thermal water
from Fig.9, 10 and 11. Arima type deep thermal
water is Na-Cl type and other hot springs along the
Median Tectonic Line were also thought to be
mixing of CO, [4,9]. Generally, seawater is
saturated with CaCOs. Fossil seawater or seawater
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may also be saturated with CaCO; and their Ca>"
and HCO;" concentrations are controlled by the
following equation (4).

Ca>" +2HCO; s CaCO; +CO, +H,0  (4)
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Fig.13 50 values and HCO5 concentration for
shallow groundwater and hot spring water.
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Fig.15 HCO; and Li* concentrations for shallow
groundwater and hot spring water.
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Then, Fig.12 shows Ca** and HCOjy
concentrations for shallow groundwater and hot
spring water. From equation (4), [Ca®*] [HCO5T? is
uniform under constant CO, pressure. When
HCO3 concentration has high salt content, over
that of seawater, Ca®* concentration is less than
100 mg/l and Ca®* concentration decreased with
HCO; concentrations following the equation (4)
excluding shallow groundwater. Then, HCOj
concentration for hot spring water with high salt
content was controlled with Ca®* concentration.

Fig.13 shows &0 values and HCOg
concentration for shallow groundwater and hot
spring water. HCOj3™ concentration for hot spring
water was very high relative to shallow
groundwater. Although CI" concentration increased
with 50 values because CI" concentration
depended on the mixing ratio of Arima type deep
thermal water with high 880 values, HCOy
concentration did not increase with 5'®0 values
because HCO3;™ concentration was controlled with
Ca?* concentration.

Arima hot spring was famous for high Li
concentration[1,3]. Then, Fig.14 shows &%0
values and Li* concentration for shallow
groundwater and hot spring water. Li"
concentration for hot spring water was very high
relative to shallow groundwater. The highest Li*
concentrations of Nohan No.5 borehole, 1100m in
depth, reached 100 mg/l and the value was the
highest in Japan. Li* concentration did not increase
with 3'°0 values as well as HCO;™ although CI°
and Na* concentration increased with 80 values
from Fig.10 and 11. Then neither mixing of water
with high &0 values nor process with increasing
30 value was thought to increase Li*
concentration from Fig.14.

Neither Li* nor HCO5  concentrations increased
with 80 values. Fig.15 shows HCO; and Li*
concentrations for shallow groundwater and hot
spring water. In Fig.15, the numbers are borehole
depths (m). Li* concentration increased with
HCO;™ concentration from shallow groundwater to
hot spring although Ca®* concentration decreased
with HCO5™ concentration. Li* is a monovalent ion,
is highly soluble relative to Ca** and is not
controlled by HCO;  concentration. Arima type
deep thermal water has a high 5'20 value because
its original water is seawater or water which reacts
with minerals under deep thermal conditions, so
this water can obtain high oxygen isotope[7,10].
However, high Li* hot spring water did not always
have high 5'°0 value but did have high HCOj3
concentration. Some Arima type deep thermal
water has also a high HCOj3;™ concentration. From
Fig.15, most hot springs with high Li* and high
HCO; concentrations were from deep boreholes
and hot spring water was thought to obtain Li* and
HCO5 under deep conditions. Li* and HCO3 were
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thought to be from the same source through
metamorphic phases[11]. On the other hand, CI,
Na“ and Li* are monovalent ions, highly soluble
and thus do not precipitate. Therefore, they remain
in the water in the area in which they dissolved.

When, through the same process, Li*, Na* and
CI are dissolved, they are accompanied with §'°0
value change and each relation with §'%0 value is
the same. However, Na" and CI" concentrations
increased with the 520 value but Li* concentration
did not increase with 50 values. Therefore, the
Li* source is thought to be different from Na™ and
CI source.

5. CONCLUSION

Shallow groundwater (private house wells) and
hot spring water were sampled in the Kinokawa
River catchment along the Median Tectonic Line,
in Wakayama Prefecture, Japan. The concentration
of all soluble substances for coastal shallow well
waters were higher than those for inland well
waters. Shallow groundwater in coastal areas was
thought to have been influenced by sewage
wastewater because coastal wells are located near
Wakayama City, a high population area. 5**0 and
oD values of shallow groundwater for coastal wells
were more uniform than those for the inland wells.
Shallow groundwater is thought to derive from
precipitation because all shallow groundwater is on
the Global Meteoric Water Line.

There are many hot springs in the Kinokawa
River catchment along the Median Tectonic Line,
in Wakayama. Most hot spring waters are thought
to derive from mixing of shallow groundwater and
Arima type deep thermal water because of the §'°0
and 6D value. Although most hot spring waters
was Na-Cl type water and the salt content for some
water exceeded those of seawater, the salt source
was not derived from current seawater. Arima type
deep thermal water was thought to derive from
metamorphic dehydrated fluid[1,9,12]. High Li"
concentration water was found for Arima type
deep thermal water. In particular, Li* concentration
of Nohan No.5 borehole reached 100 mg/l and the
value was the highest in Japan.

Li* concentration did not increase with §'%0
values although CI° and Na® concentration
increased with 'O values. Then, neither the
mixing of water with high 8*®0 values nor the
process with increasing 5™°0 value was thought to
have increased  Li*  concentration.  Li"
concentration increased with HCO3 concentration
from shallow groundwater to hot spring water
although Ca** concentration decreased with HCO5"
concentration according to equation (4). Li* is a
monovalent ion, is highly soluble relative to Ca**
and therefore is not controlled by HCO;5
concentration because of the high solubility of
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Li,CO3. Arima type deep thermal water has a high
8'®0 value. However, high Li* hot spring water did
not always have high 5'°0 value but did have high
HCO3; concentration. Some Arima type deep
thermal water has also a high HCO5™ concentration.
Most hot springs with high Li* and high HCO3
concentrations were taken from deep boreholes.
Such Li* and HCO3 were thought to be from the
same source through metamorphic phases. Li*, Na*
and CI" are all monovalent ions and not easy to
precipitate. Li*, Na* and CI" are dissolved under
deep thermal conditions accompanied by §'°0
value change. However, Na" and CI
concentrations increased with §'°0 value but Li*
concentration did not increase with 520 values.
Therefore, the Li" source is considered to be
different from Na* and CI source.
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Appendix Analyzed results (ion mg/l, isotope %o)

point HCO, Cl NO; | SO, Li Na K Mg Ca | 8'%0 | &D
1 129 13.1 144 | 156 | 0.004 158 [152 | 48 | 349 | -70 | -450
2 97 615 |57.0 | 1020 | 0.046 63.5 44 | 153 | 443 | -68 | -454
2 168 25.8 98 | 566 | 0.029 38.1 49 | 157 | 394 | -69 | -453
3 56 5.3 174 | 119 | 0.003 7.8 80 | 86 66 | -71 | -452
3 51 6.8 174 | 129 | 0.004 9.2 80 | 84 6.7 -74 | -476
4 96 12.1 8.1 | 201 | 0.003 16.1 64 | 44 | 252 | -68 | -427
4 99 170 | 122 | 525 | 0.005 18.8 9.7 68 | 407 | -65 | -405
5 104 185 |[115 | 353 | 0.002 235 3.3 6.7 299 | -7.1 | -447
5 111 28.6 23 | 188 | 0.001 28.1 5.7 5.1 276 | -64 | -410
6 72 217 | 203 | 446 | 0005 25.9 5.2 8.1 226 | -65 | -434
6 253 29.9 35 | 218 | 0003 347 |151 | 84 | 634 | -71 | -46.1
7 64 138 |[21.7 | 294 | 0.002 19.1 84 | 65 171 | -72 | -484
7 101 354 | 130 | 1155 | 0007 52.7 35 | 172 | 333 | -56 | -37.7
8 73 112 |[181 | 266 | 0.001 13.2 8.2 58 | 235 | -70 | -47.2
8 44 131 | 253 | 289 | 0.001 14.7 36 | 45 214 | -6.7 | -46.0
9 62 139 | 177 | 531 | 0.003 323 5.9 3.3 193 | -6.8 | -448
9 66 11.1 131 | 275 | 0.001 13.0 54 | 4.2 241 | -70 | -47.2
10 89 118 | 116 | 264 | 0.001 15.2 34 | 55 265 | -7.1 | -47.6
10 71 5.4 30 | 196 | 0.002 9.9 109 | 25 191 | -62 | -40.7
12 61 6.7 23 | 160 | 0.003 13.4 8.0 1.9 126 | -78 | -54.7
12 97 36.8 78 | 216 | 0.003 23.0 94 | 97 237 | -76 | -50.0
12 154 | 1204 | 01 | 548 | 0.003 946 | 139 | 139 | 284 | -76 | -499
12 94 10.2 79 | 184 | 0011 16.6 7.6 35 254 | -70 | -484
13 78 123|107 | 303 | 0.002 16.0 3.1 5.1 248 | -78 | -497
14 155 17.0 11 | 330 | 0003 20.9 35 | 104 | 372 | -68 | -449
14 116 13.2 13 | 272 | 0002 16.3 20 | 85 296 | -7.1 | -48.0
15 69 7.8 93 | 191 | 0.002 12.4 30 | 35 196 | -78 | -524
15 74 9.7 159 | 302 | 0.001 12.1 20 | 62 257 | -75 | -50.0
15 80 9.6 15.8 | 30.1 | 0.001 134 2.3 6.3 260 | -75 | -50.0
15 77 9.7 16.2 | 302 | 0.001 1.9 2.3 64 | 263 | -74 | -498
15 78 95 153 | 299 | 0.001 13.4 2.1 6.1 257 | -78 | -528
15 80 9.6 157 | 29.9 | 0.001 13.6 2.1 6.1 260 | -76 | -509
15 67 105 |166 | 253 | 0.001 10.5 2.7 5.7 240 | -72 | -477
16 86 116 |176 | 334 | 0002 14.7 3.7 7.1 280 | -7.2 | -486
16 70 9.6 140 | 27.3 | 0.001 1.3 1.9 6.2 256 | -7.2 | -48.2
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point Hco,| ¢ | Nos| so, Li Na K | Mg | ca | 8% | &aD

17 87 113 [162 | 258 | 0001 | 177 |98 | 55 | 245 | -7.3 | -470
18 77 168 |180 | 816 | 0004 | 252 |29 | 107 | 334 | -68 | -446
19 65 169 |321 | 385 | 0004 | 186 | 66 | 54 | 296 | -69 | -49.4
20 101 | 181 |00 | 704 | 0003 | 145 |24 | 157 [327 | -69 | -456
20 156 | 133 | 87 | 232 | 0.001 82 | o2 | 199 [344 | -71 | -460
21 86 26.0 21.2 29.9 0.010 28.9 6.9 11.3 14.9 -8.1 -51.5
23 157 8.8 17 | 232 | 0004 | 217 |96 | 57 [346 | -70 | -445
24 47 244 18.4 18.8 0.005 21.1 1.3 4.1 17.0 -6.8 -46.2
24 38 | 339 [135 | 412 | 0012 | 349 |12 | 50 |51 | -70 [ -456
25 31 25.6 12.9 6.2 0.006 222 1.9 1.7 8.3 -7.0 -474
25 68 119 [262 | 512 | 0001 | 130 |52 | 80 | 336 | -66 |-4309
26 248 | 400 | 13 | 306 | 0017 | 324 |15 | 241 [a81 | -73 [ -467
26 141 | 255 [322 | 663 | 0010 | 366 |67 | 211 [286 | -7.7 | -402
27 103 | 139 |38 | 199 [ 0005 | 172 |27 | 65 | 246 | -72 | -459
27 86 115 [107 | 271 | 0002 | 206 |61 | 80 | 158 | -72 | -477
28 210 | 277 | 95 | 452 | 0001 | 469 |28 | 164 [371 | -65 | -418
28 214 | 245 |70 | 423 | 0003 | 470 |32 | 166 [339 | -69 | -473
29 130 | 138 |62 | 220 | 0003 | 189 |06 | 135 | 225 | -72 | -466
29 101 25.2 1.6 10.5 0.003 25.3 2.8 4.0 25.6 -7.3 -48.7
30 94 144 | 85 | 326 | 0015 | 167 | 61 | 83 | 244 | -71 | -46.1
30 106 284 54 33.2 0.004 28.9 3.9 13.1 17.6 -7.8 -52.5
31 46 134 |125 | 327 | 0009 | 146 |125 | 54 | 96 | -7.3 | -47.1
32 148 | 6.1 711 | 0006 | 186 | 15 | 100 | 500 | -6.6 | -42.7
33 47 43 | 46 | 122 | 0.0 79 |37 | 31 |13 | -59 [ -369
34 60 40 |00 | 105 [ 0003 | 100 |16 | 48 | 87 | -62 |-41.1
35 28 56 |22 | 93 | 0001 93 |08 | 13 | 75 | -72 | -451
36 18 44 | 23 | 124 | 0.000 9.6 18 | 1.1 51 | -56 | -353
37 88 21.2 25.0 451 0.002 8.4 7.4 9.5 413 -6.6 -43.0
38 88 153 | 21 | 431 | 0002 | 240 |36 | 79 | 189 | -66 | -432
39 47 6.4 50 16.4 0.001 79 1.7 25 15.3 -8.3 -53.5
40 58 | 246 |173 | 730 | 0006 | 352 |49 | 79 | 238 | -68 | -444
41 52 2.7 7.2 41 0.001 3.2 4.3 24 15.0 -41 -30.4
42 45 7.8 59 | 211 | 0002 | 104 |23 | 35 [182 | -75 | -4900
43 72 7.3 18.8 34.5 0.001 12.0 3.7 55 26.9 -4.6 -40.2
44 89 | 205 |[106 | 444 | 0003 | 276 |60 | 59 [351 | -47 |-340
45 114 | 124 |62 | 506 | 0002 | 177 |49 | 120 [342 | -62 | -421
46 15 80 |26 | 148 | 0017 | 119 [23 | 18 | 29 | -73 |-477
47 25 140 |72 | 223 | 0008 | 177 |30 | 38 | 78 | -65 | -456
48 118 16.8 7.5 220 0.002 23.1 20.0 6.3 23.8 -6.9 -45.1
49 51 209 | 07 | 302 | 0054 | 207 |20 | 44 [113 | -71 |-472
50 61 94 2.2 5.6 0.019 15.0 1.6 35 10.8 -7.2 -479
51 75 88 |83 | 204 | 0003 | 121 |32 | 36 |225 | -80 | -534
52 78 15.6 8.7 13.2 0.032 17.8 2.1 5.7 16.7 -55 -43.2
53 74 85 |80 | 202 | 0003 | 120 |30 | 36 |223 | -80 |-530
54 45 83 |122 | 115 | 0001 | 118 |41 | 29 | 115 | -67 | -460
55 85 9.3 69 | 227 | 0002 | 188 |61 | 65 | 148 | -69 | -466
56 37 43 |594 | 408 [ 0002 | 125 |47 | 69 | 258 | -70 |-470
57 80 61 |199 | 282 | 0002 | 133 |22 | 51 |269 | -75 | -500
58 75 75 |253 | 284 | 0004 | 147 |30 | 55 |255 | -74 | -495
59 66 65 |241 | 256 | 0002 | 114 [22 | 46 |252 | -79 | -535
60 83 101|101 | 234 | 0003 | 140 |28 | 49 [240 | -77 | -512
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point Hco,| ¢ [ No,| so, Li Na K | Mg | ca | 5% | D

Nohan No.1 | 6000 |26167.2 | 2.2 87.618 | 184156 |288.6 | 2696 | 26,6 | 44 | -350
Nohan No.2 233 884.7 0.2 29 0.407 550.7 6.4 47.7 30.2 -4.8 -44.7
NohanNo.3 | 28 157 | 08 | 149 | 0026 | 201 |15 | 36 | 128 | -64 | -465
Nohan No.4 561 2702.3 7.0 1.9 7615 1733.7 19.7 104.9 459 -4.6 -445
Nohan No.5 | 7324 | 272040 | 0.3 98.731 |18544.7 2826 | 701.1 | 149 | 32 | -326
limori 400 30987 | 0077 | 268 737 |1647 | -67 | -492
Yadori 267 | 4744 | 01 | 105 | 2213 | 4026 [62 | 02 | 44 | -82 | -569
Shimoich 669 | 190 | 17 | 45 | 0326 | 1454 | 42 | 633 | 59 | -85 |-577
Nishiyoshino | 1370 | 48279 [1576 | 7.8 | 39.392 | 34021 [1386| 596 | 163 | -67 | -54.1
Kongonoyu | 4826 | 39987 | 02 | 1.3 | 19209 | 41562 [1523] 1161 | 36 | -56 | -54.1
Takara 158 | 192 148 | 90 | 0095 | 368 | 14 | 102 [ 200 | -83 | -563
Takaragensen | 383 | 588 | 27 | 27 | 0557 | 1257 | 43 | 230 | 126 | -83 | -573
Miyataki 75 270 | 64 | 97 | 0287 | 251 |27 | 36 [171 | -82 | -551
Shionoha 901 | 8212 | 0.1 4816 | 7317 |88.1 | 435 | 90 | -84 | -582
Sakurasaku 1 | 1020 | 27088 | 0.1 12247 | 17296 |206 | 1929 | 67 | -84 | -565
Sakurasaku 2 | 807 | 9946.0 42735 | 54207 |69.0 | 5669 | 337 | -69 | -536
Tyumon 129 | 16755 | 0.0 0730 | 8534 | 74 | 574 |1464 | -78 | -562
Yunosato Kinsui| 168 19.6 0.5 11.1 0.064 34.7 1.9 8.6 26.2 -7.6 -52.2
Yunosato Ginsui| 595 | 921 | 03 0345 | 1831 | 50 | 532 | 49 | -85 | -566
Yunosato Donsuil 100 | 72 |03 | 58 | o061 | 176 |19 | 38 [171 | -77 | -523
Kiimi 188 36 |00 | 94 | 0287 | 720 Jo2 | 02 | 60 | -86 |-583
Nakasyo 654 | 3896 |128 | 09 | 2728 | 4344 |186 | 270 | 105 | -81 | -554
Tsuburo 462 | 19247 | 98 | 43 | 15423 | 12442 [574 | 417 | 249 | -76 | -549
Honmanchi | 1080 |15961.7 4767 | 87693 |87.4 | 9918 | 214 | 04 | -425
Yubasu 860 55448 25.3 12.8 1.328 39231 8.1 9.1 2.7 -34 -43.3
Wakanoura | 33 | 78204 | 0.1 | 38 | 0336 | 14764 | 80 | 3777 |22649| -55 | -379
Kuroshio 207 | 42050 | 10 [5130 | 0145 | 23818 [737 | 2559 [1078 | -49 | -388
Kada 791 | 3567 | 20 | 55 | 0436 | 5359 |21 | 22 | 48 | -75 | -496

Jintu 152 68 | 00 | 161 | 0158 | 783 | 01 | o1 10 | -78 | -536

Kimidera 768 16339.4 3.914 102598 | 77.7 153.3 102.6 1.2 -35.7
Fukuro 1 6299 | 19439.0 126 | 12.242 [14109.7 [1833 | 7197 | 135 | 25 | -373
Kinokuni 288 19788.3 7.565 117915 [ 704 1334 |5014 4.5 -31.2
Hanayama | 79 |11317.3 0467 | 1376.1 |18.7 |1596.1 24052 | -44 | -465
Negoro 171 | 118 |03 | 982 | 0020 | 320 |15 | 67 644 | -68 | -461
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