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Relationship Between Spring water Qualities and Human Activities (Life and
Industries) in Western and Southern Areas of Mt. Fuji

Mar. 2007, Department of Natural Environmental Studies,
School register number: 56714, Nobuhide SUZUKI
Supervisor: Professor Hiroo OHMORI

Research background, purpose and region for research

Social issues relating to the water quality pollution (water pollution) which
increased since the high growth period show settling down in recent years, and a
critical as former problem has decreased. However, there is still a current state in
which the negative environmental impact is still put on the water environment.
Regarding underground water and spring water, it is especially important to
maintain their water quality from the viewpoint of hydrophilicity, high utility as
beverage and water resource, etc. In this research, it will be tried to make out the
relationship between abundant underground water and spring water in the western
and southern areas of Mt. Fuji, and the human activity by which an object region is
developed.

Research method

® Measurement of density of major inorganic ions (Cl-, NOs-, SO42,, Mg?*, Ca2+, Na*,
K*) by ion chromatography

® Site measurement of water temperature, electric conductivity (EC), pH and
alkalinity (Convert alkalinity into HCO3 - later )

® Analysis of density of main inorganic ions, using hexadiagram and
Torilineardiagram

® Analysis of density of major inorganic ions obtained from the above analysis result
by principal component analysis, etc.

® Other water analysis

Schedule of water sampling period and frequency

® Water sampling period: One year

® \Water sampling frequency: 5 times for spring water: November, autumn: once.
February, winter: once. May, spring: once. June, September: once.

Introduction of spring water and underground water in western and southern areas of
Mt. Fuji

Regarding the gushing out situation of the Mt. Fuji spring water, it is abundant in
the mountainous area of the less than 1000m above sea level. However, the
distribution situation is not regular.

Regarding underground water of the western and the southern areas of Mt. Fuji,
underground water in the west foot of Mt. Fuji flows under the volcano alluvial fan
with good water penetration, gushing out the end line in the volcano alluvial fan. In
the south foot, springs exist along the conversion line of the inclination which is
composed of old period lava. The spring water seen at the high position southwest foot
of Mt. Fuiji is located in the top of the mountainous alluvial fan, and it is thought to
gush out after flowing it under the Mt. Fuji inclination.

Underground water flow in the west and the south foot of Mt. Fuji
Mt. Fuji lava:

Permeable bed: Top and bottom of lava layer surface part
Impermeable bed: Center part in lava layer

Underground water flowing Direction in region for research :
First of all, it goes south in the underground valley of Mt. Fuji west foot. Next, the
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direction changes into the southeast after knocking it against the hill.

On the other hand, there is underground water which goes from the Mt. Fuji top
area in a radial pattern. Finally all underground water goes south, gushing out to
inland springs on the end line of old period lava and Suruga bay on the southern side of
old period lava.

,'5;., L=

Result

The cluster analysis divided water qualities of all major inorganic ions into five
water quality groups. When the water qualities were calculated by the principal
component analysis, it is elucidated that the first image limit belongs to "Agricultural
loading type", because NOs-, SO42 K+, Caz*, Mg2* related to agriculture are significant.
The second image limit belongs to "Life loading type", because Na*, Cl- which might
come from miscellaneous drainage in addition to the above-mentioned ions were
significant, The third image limit belongs to "Rain water mixing type. " because the
all major inorganic ions are low, and Na*, Cl- which might come from airborne salt are
a little significant. The fourth image limit can be classified into "Natural flow type"
because a little significant K+, Ca2*, Mg2* are caused by water-rock interaction. A
water quality of a significant human active load belongs to "Agricultural loading type"
and "Life loading type".

These "Agricultural loading type" and "Life loading type" tended to exist in the
scattered condition in Fuji City and Fujinomiya City. This has the possibility of
directly receiving the influence of the neighboring land use around each spring or the
geological structure which easily receives the influence of the neighboring land use.
Harada and Yoshinaga spring water groups belong to "Natural flow type". Fujinomiya
spring water group belongs to "Rain water mixing type".

Eigenvector

Principal component point

70000
03 Life toadingsoooe X
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2005

EC Na K Ca Mg (I NO3 [SO4 [HCO3
No. H ( C)|uS/cm meg/I meg/l meq/I meqg/limeqg/l meg/I meg/l meg/I
1 11 18 6.85 16.7| 237| 0.360] 0.101] 1.031] 0.702| 0.224| 0.529) 0.458| 0.856]
2 11 18 7.08 14.8] 147.6) 0.291) 0.072| 0.640) 0.405| 0.179| 0.231| 0.245| 0.752
4 11 19 7.06) 147 124.7| 0.286] 0.065| 0.537| 0.319| 0.146| 0.143 0.182 0.696|
5 11 19 7.18 7:12 110.6] 0.299] 0.064| 0.509| 0.305| 0.139| 0.117| 0.156| 0.680]
6) 11 19 7.3 142 120.4] 0.305 0.066| 0.483) 0.284] 0.145| 0.109| 0.150| 0.676|
7 11 19 7.33 13.3 84.5 0.264| 0.035| 0.382| 0.220| 0.072| 0.057| 0.114| 0.608
8 11 19 7.39 13.7| 90.1) 0.295 0.051| 0.421) 0.244| 0.106| 0.216] 0.113| 0.632
13 11 18 7.25 14.1] 14731 0.315 0.061] 0.693) 0.382| 0.112 0.235 0.260 0.620]
14 11 19 7.27 14 139.6/ 0.318 0.059| 0.665| 0.373 0.112 0.212] 0.239| 0.820
15 11 19 6.98 14.5 141.6| 0.321] 0.061] 0.650| 0.366| 0.111f 0.206] 0.232| 0.740]
16 11 18 7.04 14.3] 149.1) 0.404| 0.076| 0.673) 0.384| 0.162 0.202] 0.236| 0.800]
19 11 19 6.87| 151 180.2) 0.396] 0.074| 0.837| 0.486| 0.186| 0.235 0.194| 1.148
25 11 19 7.18 139 134.7) 0.315 0.056| 0.627| 0.359| 0.122| 0.141| 0.188| 0.852
27, 11 20 7.55 13.6 123.8) 0.372] 0.048| 0.595| 0.281 0.092 0.104| 0.139| 0.672
28 11 20 7.47 14.8 163.7| 0.584| 0.056| 0.658| 0.359 0.161f 0.110] 0.333| 0.972
29 11 20 7.29 14.2 149.9 0.365 0.050| 0.664| 0.333 0.109| 0.132] 0.155| 0.992
30 11 20 7.35 13.7] 127.1) 0.331] 0.055| 0.618| 0.304| 0.105| 0.106/ 0.111f 0.880
3] 11 19 7.16) 11.7 134.5) 0.445/ 0.060| 0.565| 0.327| 0.181| 0.123| 0.211]| 0.776
2006
EC Na K Ca Mg (I NO3 [SO4 [HCO3
No. H ( CO)[laS/cm meg/l meg/l meg/l meqg/lImeq/l imeqg/l meqg/1 meg/I
1 9 7.27 14.9 197| 0.368| 0.093| 1.034] 0.665| 0.238] 0.533| 0.473| 0.968]
2 9 7.49 14 159.5 0.316/ 0.072| 0.672| 0.412| 0.203| 0.254) 0.269| 0.916|
3 9 7.39 15.4 189 0.358| 0.096| 1.001] 0.639| 0.246| 0.523| 0.476| 0.996|
4 9 7.54 13.7, 135.4) 0.299] 0.061| 0.558| 0.319| 0.160| 0.155 0.194| 0.756]
5 9 7.53 13 117.3) 0.288| 0.054| 0.492| 0.276| 0.144| 0.113| 0.158| 0.836
6) 9 7.53 13.3] 1245/ 0.283] 0.044| 0.540) 0.297| 0.137| 0.097| 0.121] 0.852
7 9 7.48 13.1 97.5 0.273] 0.040| 0.397| 0.209| 0.102| 0.058 0.114| 0.644




8 7.13 12.7, 96.2) 0.267| 0.041] 0.356| 0.186| 0.091| 0.086] 0.127| 0.776
9 7.77] 12.5 90.3] 0.261) 0.038| 0.378) 0.199| 0.095| 0.055 0.108| 0.776|
10 7.71 13.1 117.5 0.267| 0.034| 0.382| 0.201 0.077| 0.050, 0.110 0.908
11 7.65 12.3 81.2] 0.267| 0.030| 0.378) 0.200| 0.070| 0.048 0.112| 0.836
12 7.63 13.9 1845 0.507| 0.068| 0.796| 0.456| 0.353| 0.232] 0.286| 1.144]
13 7.47 13.8 133.2| 0.310] 0.053| 0.710] 0.332] 0.100 0.172| 0.207| 0.836|
14 7.14 12.9 142.3 0.315] 0.053| 0.634| 0.343 0.107| 0.177| 0.208| 0.968
15 7.31 13.4 1405 0.316/ 0.052| 0.619| 0.337| 0.100| 0.164] 0.203| 0.956|
16 7.31 12.7 153.1] 0.349] 0.055| 0.681) 0.377| 0.121| 0.190| 0.226| 0.980]
17, 7.27] 12.8] 171.8| 0.389] 0.060| 0.709) 0.417| 0.141| 0.224] 0.261] 1.004
18 7.36 13.6 191.9| 0.428 0.068| 0.813) 0.462| 0.182 0.262| 0.278| 1.012
19 7.49 13.5 187.5 0.398 0.072| 0.833 0.473 0.197| 0.218 0.178| 1.172
20 7.14 12.5 219 0.413] 0.160] 0.986| 0.583 0.205 0.380| 0.285 1.209
21 6.81 12.5 253 0.273] 0.126] 1.298 0.563| 0.233| 0.843 0.735 0.744
22, 7.08 12.3 136.3] 0.234/ 0.030| 0.793) 0.287| 0.128| 0.192] 0.170| 1.095)
23 7.04 12.6 175.3) 0.310] 0.060| 0.969| 0.424| 0.149| 0.362] 0.396| 0.908
24 7.31] 121 154.2| 0.287| 0.046| 0.685| 0.426| 0.092| 0.149| 0.289| 1.071]
25 7.64 11.9 1531 0.317] 0.051f 0.609| 0.333 0.119| 0.133] 0.181| 0.948|
26 7.27 12.7, 135.4 0.326/ 0.070| 0.628) 0.274| 0.183| 0.138 0.175 1.188
27, 7.57 12.6 118.8| 0.407| 0.050| 0.602| 0.268 0.118| 0.108 0.141f 0.968
28 7.59 13.5 1475 0.585 0.050| 0.663) 0.347| 0.160| 0.105 0.326| 1.008
29 7.72 11.9 126.5| 0.380] 0.047| 0.678) 0.326/ 0.112| 0.128 0.160 1.264]
30 7.7 12.5 1185 0.318 0.046| 0.594| 0.279 0.086| 0.098 0.104| 1.088
31 8.09 9.3 128.1) 0.388] 0.048| 0.563| 0.306| 0.128| 0.123 0.203| 0.832
2006

EC Na K Ca Mg (I NO3 [SO4 [HCO3

No. H ( ©)[uS/cm meg/l meg/l meg/I meq/lmeq/l meq/1 meq/1 meg/I
1 7.99 13.5 200] 0.380] 0.096| 1.040| 0.677| 0.254| 0.530| 0.461| 0.688
2 7.15 149 164| 0.310[ 0.076| 0.637| 0.385 0.186| 0.219] 0.242| 1.044]
3 8.67| 14 190| 0.360[ 0.097| 0.999| 0.645 0.232| 0.506| 0.460 0.944]
4 7 14 142| 0.293] 0.064| 0.542| 0.309| 0.146| 0.143 0.191f 1.104
5 7.26 15 125/ 0.284| 0.096| 0.453| 0.256| 0.173] 0.099| 0.139| 0.956|




6 4 7.67 15.8 128/ 0.283| 0.047| 0.530] 0.292 0.136| 0.091 0.116| 0.992
7] 5 7.89 15.4] 116/ 0.274] 0.049| 0.384] 0.204| 0.108| 0.060] 0.112 1.008|
8 5 7.09 14.2 98.7| 0.276] 0.041 0.393) 0.209| 0.104| 0.081 0.125| 0.725
9 5 7.32 14.6 106| 0.273| 0.045 0.380| 0.201| 0.101) 0.057| 0.109| 1.024
10 5 7.52 14.1] 92| 0.269| 0.051f 0.380| 0.199| 0.095| 0.051| 0.108| 0.804
11 5 7.61 14 90| 0.270| 0.039| 0.377| 0.199| 0.082| 0.049| 0.109| 0.768|
12 4 8.3 15.4 186| 0.757| 0.081| 0.956| 0.561| 0.675| 0.266| 0.355| 0.836]
13 5 8.28 19.2 169 0.366| 0.067| 0.716] 0.392| 0.143] 0.210| 0.242| 1.016|
14 5 7.4 15.1] 160, 0.331] 0.060f 0.671] 0.362 0.119| 0.203) 0.236| 1.136|
15 4 7.44 15.1] 157| 0.325] 0.057| 0.647| 0.353] 0.114] 0.195/ 0.229| 1.084]
16 5 7.2 15.2 147| 0.329| 0.062| 0.642 0.349| 0.120| 0.195| 0.229| 0.912
17 4 7.62 17.9 218 0.418 0.074| 0.780| 0.439 0.172 0.230 0.251f 0.796)
18 5 245 17 218 0.424] 0.073| 0.787| 0.441] 0.168| 0.231] 0.256 0.980
19 5 7.02 14.2 196| 0.423| 0.084| 0.897| 0.528| 0.259| 0.292| 0.244| 1.238|
20 5 7.08 13.6] 231 0.425 0.166| 1.040| 0.601f 0.211| 0.400 0.291] 1.257|
21 5 6.72 13.1 262| 0.287| 0.133| 1.330| 0.597| 0.243| 0.853 0.746| 0.776
22 5 7.12 13.5 1325 0.223] 0.034| 0.776| 0.311] 0.120] 0.190| 0.174| 1.011]
23 4 7.02 13.8] 186.3| 0.317| 0.068| 0.992| 0.432| 0.169| 0.368| 0.405| 0.938
24 5 7.23 14.2 148.8) 0.294| 0.050| 0.667| 0.442| 0.096| 0.150] 0.293| 1.042
25 5 7.4 14.9 156/ 0.340| 0.059| 0.576| 0.286| 0.145| 0.109| 0.146| 1.004
26 5 7.2 14.8 136.6) 0.346) 0.075| 0.615| 0.299 0.176| 0.133 0.167| 1.240
27, 5 7.18 14.6 140| 0.388| 0.046| 0.584] 0.261| 0.096| 0.097| 0.133] 0.976|
28 5 7.2 15.4] 171] 0.572] 0.057| 0.645| 0.332 0.155| 0.107| 0.296| 1.284]
29 5 7.47 11 145/ 0.381 0.056| 0.657| 0.314] 0.117| 0.123| 0.150| 0.348|
30 4 7.98 14.8] 136/ 0.350[ 0.059| 0.594] 0.275 0.103| 0.089 0.099 1.232
3] 5 7.28] 132 137| 0.417| 0.074| 0.573| 0.304| 0.164| 0.117| 0.215] 0.930
2006

EC Na K Ca Mg (I NO3 [SO4 [HCO3

No. H ( C)|iuS/cm meg/l meg/l meq/I meqg/limeqg/I meqg/I meg/l meg/I
1 15 6.81] 17.1 235 0.369 0.093| 1.035| 0.676| 0.244| 0.571 0.470| 0.984
2 15 7.05 15.6 153.7| 0.304/ 0.070| 0.659| 0.409 0.191f 0.259 0.267| 0.816]
3 15 6.87 17.7, 223 0.358 0.097| 0.983 0.636| 0.262| 0.549 0.483| 0.884




4 15 7.13 15.2 126.8] 0.287| 0.061| 0.542| 0.314] 0.151| 0.164| 0.204| 0.752
5 15 7.34 147 111.8] 0.281) 0.064| 0.459 0.261] 0.138| 0.106| 0.150| 1.272
6 15 7.27 16.3 1185 0.283] 0.054| 0.524| 0.293 0.158| 0.113 0.123| 0.904
7 15 7.17 15.7, 96.5| 0.274| 0.042| 0.387| 0.213) 0.103| 0.076| 0.123| 0.736
8 15 7.14 15.2 96.8 0.274| 0.045| 0.399) 0.217| 0.110| 0.081 0.124| 0.720
9 15 791 15 98.3 0.275 0.083| 0.397| 0.215| 0.143| 0.079 0.124| 0.764
10 15 7.35 15.4 96.9 0.272] 0.036| 0.398) 0.213) 0.089| 0.080, 0.127| 0.724
11 15 7.4 147 98.4 0.272] 0.075| 0.392| 0.209| 0.120] 0.057| 0.120| 0.744]
12 15 6.82) 16.8] 234 0.715 0.080] 0.957| 0.571f 0.583| 0.320| 0.389| 1.072
13 15 6.88] 15.6] 180.2| 0.359] 0.062| 0.813) 0.443| 0.157| 0.327| 0.342| 0.924
14 15 6.93 15.5 167.1) 0.349) 0.073| 0.742| 0.415| 0.157| 0.282] 0.296| 0.912
15 15 6.94 15.9 163.2| 0.344] 0.057| 0.727| 0.407| 0.137| 0.278 0.295| 0.892
16 15 6.98 16.6 169 0.381 0.065 0.754] 0.433| 0.170| 0.268| 0.280| 0.964
17 15 7 16.4 178.8) 0.408 0.070| 0.794| 0.449 0.186| 0.271] 0.279| 1.052
18 15 6.92 16.3 179.3) 0.418 0.076| 0.782| 0.452| 0.197| 0.261] 0.260| 1.068
19 15 7.17 16.6 205/ 0.432) 0.091] 0.901] 0.527| 0.260| 0.295 0.239| 1.188
20 14 7] 17.9 247 0.407| 0.187| 1.042| 0.603| 0.255| 0.383 0.314] 1.308
21 14 7.2 16.7 260 0.294| 0.130] 1.268| 0.564| 0.240| 0.779 0.686| 1.272
22, 14 7.4 16.8 151.6| 0.238 0.036| 0.842| 0.349 0.121f 0.240, 0.175 1.064
23 14 7.03 16.3 193] 0.310| 0.066| 1.001] 0.399| 0.172| 0.386| 0.381| 0.908|
24 14 7.43 15.3 162.5 0.301| 0.046| 0.697| 0.431 0.109| 0.163 0.298| 0.976|
25 14 7.17 14.9 167.3) 0.323 0.162| 0.632| 0.351] 0.232 0.136] 0.187| 0.972
26 14 7.07] 147 131.5] 0.340, 0.054| 0.592| 0.285| 0.149| 0.114] 0.143| 0.936|
217 14 7.3 141 130.2| 0.377| 0.043| 0.562| 0.258| 0.102| 0.104| 0.128| 1.008
28 14 7.26) 15.6 163.7] 0.585 0.054| 0.639) 0.343| 0.179| 0.117| 0.319| 1.020]
29 14 7.36) 15.2 140.5] 0.376] 0.060| 0.644| 0.317| 0.134| 0.135| 0.154| 1.024
30 14 7.3 14.1] 1254 0.315 0.047| 0.588| 0.284| 0.096| 0.123 0.118| 1.024]
31 14 7.78 14.8 138.9| 0429 0.074| 0.553/ 0.317| 0.177| 0.132| 0.216| 0.868
2006

EC Na K Ca Mg (I NO3 [SO4 [HCO3

No. H ( C)flaS/cm meg/l meg/l meg/l meq/lmeq/l imeq/l1 meq/l meg/I
1 30 6.87| 16.8] 231 0.370, 0.099| 1.003| 0.673| 0.239| 0.528 0.483| 1.032
2 30 7.02 15.6 171.4) 0.330] 0.081] 0.754| 0.471 0.221f 0.332] 0.340 0.860




3 30 6.98 16.4 227 0.362] 0.095| 0.971) 0.649 0.244| 0.528 0.499| 0.944
4 30 7.15 14.8) 1359 0.301] 0.064| 0.577| 0.342] 0.159| 0.196| 0.233| 0.836]
5 30 7.17 14.3 119 0.294] 0.059| 0.492| 0.287| 0.147| 0.142| 0.181] 0.856
6 30 7.27, 154 1215 0.286[ 0.049| 0.542| 0.310| 0.145 0.121] 0.140| 0.968,
7 30 7.43 143  100.5/ 0.279] 0.043| 0.415 0.232 0.112| 0.081] 0.137| 0.768|
8 30 7.27, 14.1] 103 0.284] 0.046| 0.426| 0.238) 0.118| 0.085 0.142| 0.856
9 30 7.4 14/ 120.2| 0.278 0.050| 0.412| 0.231) 0.118] 0.084| 0.138 0.840
10 30 7.37, 13.9 97.1] 0.276| 0.038 0.408| 0.224| 0.091| 0.072 0.138 0.768,
11 30 7.32 14.1] 96.5) 0.277| 0.037| 0.399) 0.221] 0.085| 0.067| 0.134| 0.824
12 29 7.01 15.3 216/ 0.643| 0.073| 0.951] 0.534 0.473| 0.289 0.371| 1.392
13 29 6.94 14.7]  168.4] 0.354] 0.061] 0.777| 0.424| 0.148| 0.273 0.314| 0.984
14 29 7.01 14.6f 166.9] 0.355 0.069| 0.763] 0.430| 0.154] 0.253 0.298 0.968,
15 29 7.02 144  164.4] 0.351] 0.068 0.751] 0.422 0.145 0.256 0.303| 0.936|
16 29 7.06) 148/ 179.6/ 0.392] 0.071] 0.808| 0.468| 0.178 0.270| 0.306| 1.016|
17 29 7.03 151 190.2| 0.418 0.069| 0.850| 0.491) 0.194| 0.293 0.322| 1.112
18 29 7.07, 15 1845 0.423] 0.069| 0.833) 0.484] 0.198 0.272| 0.289| 1.096
19 30 7.15 15.4 201| 0.423| 0.084] 0.897| 0.528 0.259| 0.292| 0.244| 1.238
20 29 7 16.6 226| 0.402| 0.155| 0.954| 0.578 0.224| 0.386] 0.299 1.300]
21 29 6.86) 16.3] 276| 0.296/ 0.128| 1.384| 0.620| 0.237| 0.862 0.759 0.752
22 29 7 14.7)  137.8 0.227| 0.035/ 0.791] 0.322 0.114| 0.192] 0.167| 1.040
23 29 6.96) 159 190.8/ 0.311f 0.069| 1.010] 0.413| 0.167| 0.386| 0.387| 0.968|
24 29 7.12 15.7]  145.3] 0.300[ 0.047| 0.679) 0.420| 0.104| 0.146| 0.298 1.100
25 29 7.1 143  143.4 0.325 0.091] 0.639 0.360| 0.170] 0.151) 0.200| 1.020]
26 29 7.2 148/  136.6| 0.346| 0.075| 0.615 0.299 0.176| 0.133 0.167| 1.240
27| 29 7.14 13.6) 124.8) 0.379] 0.044| 0.563) 0.261| 0.098| 0.096/ 0.139| 1.056
28 29 7.24 153 164.8) 0.590, 0.060| 0.634| 0.344| 0.180 0.108 0.329| 1.444
29 29 7.28 14.6) 139.8] 0.378] 0.048 0.644| 0.320| 0.117| 0.132 0.159| 1.404
30| 29 7.34 145 125.4] 0.316/ 0.048/ 0.587| 0.287| 0.104| 0.108| 0.116| 0.648,
31 29 7.67| 132 137.1f 0.291] 0.068| 0.366| 0.212 0.140| 0.083] 0.149 0.900




