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94 34

3 2

13 16 15 29

54 23 12 5

94 2006

1950 1989

39.1

1000mg/L Na HCO3

43.6

38.5

1945

1950 1989 2017 2018 2019

28 30

1

94

34

34

AS ONE ASF-250T pH HORIBA COMPACT B-212
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DKK CM 31P 500mL

Na K Mg2 Ca2 Cl SO42

DIONEX ICS-1500 SiO2

HCO3 pH4.3
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US 10 200m NK 1 1500m

500 700m NK 2 US 6 BK 4 3

NK 1 BK 3 2 13 16

NK 1 BK 6 1500m 1200m

300 800

NK 9 160m US 6

US 11

No.

NK 1 1500 28.0

NK 2 19.2

NK 3 800 45.0

NK 4 500 36.1

NK 5 735 44.2

NK 6 500 47.4

NK 7 450 36.3

NK 8 42.0

NK 9 160 40.2

NK 10 42.6

NK 11 38.4

NK 12 500 45.1

NK 13 38.0

NK 14 400 41.4

NK 15 500 43.2

No.

US 1 500 39.3 

US 2 700 36.2

US 3 44.9 

US 4 600 44.3 

US 5 700 47.4 

US 6 600 23.1 

US 7 750 41.0 

US 8 44.4

US 9 600 51.0

US 10 200 47.1 

US 11 600 60.9

No.

BK 1 500 38.4

BK 2 350 37.4

BK 3 600 30.9

BK 4 25.1

BK 5 700 42.7

BK 6 1200 56.5

KS 1 880 37.2

KS 2 39.6
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pH

20 13 NK 1

(TDS)

15

TDS1000mg/L 29

1989 34

TDS
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No. pH Na K Mg² Ca² Cl SO ² HCO SiO

[mg/L]

NK-1 7.5 14.1 2.7 7.4 9.4 4.7 1.2 97.6 62.4 199.7

NK-2 5.9 101.0 16.6 98.1 34.0 9.3 <0.1 925.1 71.2 1255.2

NK-3 8.5 36.0 4.8 <0.1 0.2 6.3 2.5 76.9 70.7 197.4

NK-4 8.6 80.1 3.6 <0.1 <0.1 6.1 3.7 195.2 52.8 341.5

NK-5 7.9 28.1 3.4 2.1 3.4 4.2 3.6 91.5 70.5 206.9

NK-6 7.7 74.9 13.5 2.0 4.2 21.5 0.1 200.1 45.9 362.2

NK-7 7.5 31.5 18.7 2.6 4.7 6.0 1.3 134.2 5.7 204.6

NK-8 7.9 110.6 25.9 0.8 2.2 40.7 1.0 274.5 69.7 525.4

NK-9 8.4 53.1 13.7 <0.1 0.1 14.3 2.9 125.1 61.2 270.3

NK-10 8.2 78.0 24.5 0.1 0.1 26.1 <0.1 197.6 77.3 403.8

NK-11 8.1 73.2 23.1 0.1 0.2 23.6 1.5 173.9 73.2 368.8

NK-12 8.2 81.7 17.4 0.2 0.6 21.8 3.5 177.5 63.2 366.1

NK-13 8.3 103.7 6.6 <0.1 1.8 9.7 <0.1 305.6 52.8 480.3

NK-14 8.0 110.1 7.4 0.5 3.1 10.9 0.1 286.1 63.0 481.1

NK-15 8.4 159.0 24.3 4.7 11.8 51.4 0.3 456.9 68.3 776.7

US-1 6.5 717 90.2 235 14.4 286 18.0 2820 83.2 4264

US-2 6.9 201 33 53.6 58.1 50.8 4.5 799 142 1342

US-3 6.9 422 44.1 93 27.9 98 3.8 1400 36.4 2125

US-4 6.3 280 34.3 27.1 40.8 421 101 122 33.8 1059

US-5 8.8 249 9.6 5.3 16.3 207 281 59 827

US-6 8.4 3900 47 42.1 77.1 5650 96.1 451 18.2 10280

US-7 6.5 305 41.6 12.1 30.5 525 20.7 250 67.2 1252

US-8 9.1 76.9 2.1 0.4 1.2 4.7 1.7 165 38.7 290

US-9 9.0 75.1 2.3 0.5 1.2 4.5 1.7 165 39.1 289

US-10 7.9 183 24.2 4.8 7.6 138 17.5 281 67.2 723

US-11 7.1 376 7.4 1.7 36.2 541 39.3 79.3 48.6 1129

BK-1 6.4 9817 456 1590 1570 22000 2930 1640 11.3 40000

BK-2 6.8 402 39.5 35.0 48.0 168 106 946 116 1860

BK-3 6.5 431 58.0 350 174 274 10.0 2870 115 4280

BK-4 6.9 233 36.0 178 136 140 15.0 1790 80.3 2610

BK-5 6.5 33.0 5.7 27.0 39.1 50.2 2.4 321 178 656

BK-6 7.7 149 7.5 7.5 203 11.5 635 61.6 13.5 1090

KS-1 7.3 56.5 7.0 4.5 319 8.0 640 51.0 50.2 1140

KS-2 7.9 39.5 4.5 6.5 293 15.0 685 67.7 47.5 1160
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28 30

94

34

40.4 3

2 13 16

15 29

2 2006

2017

2017 68
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9 16

2018 69

3 10

2019

70 3 9

40 1 14

41

1 6

1954 5 7 15

1982

33 77 80
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(1990) (2010)

20 3 17 57.1±9.5 4

0 39.6±18.8

(FS)

FS

3.1±1.0 2.6±1.0 (p=0.14)

1.0±0.9(p=0.99)

0.8±0.3(p=0.01)

36.3±0.3 36.2±0.3 (p=0.24)

0.997±0.005(p=0.02)



����

(1) Maeda T, Kudo Y, Horiuchi T, Makino N. Clinical and anti-aging effect 

of mud-bathing therapy for patients with fibromyalgia. Mol Cell Biochem

444,87-92,2018.

1 42 39

2 49 21

3 56 38

4 46 75

5 57 45

6 59 63

7 62 24

8 66 88

9 69 55

10 48 31

11 59 34

12 40 19

13 55 28

14 61 27

15 78 30

16 56 26

17 54 45

18 68 25

19 59 39

20 37 54

57.1 39.6

9.5 18.8
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± ±

1 36.2±0.3 35.7±0.5

2 36.2±0.2 36.1±0.2

3 36.2±0.4 35.7±0.3

4 36.8±0.3 36.5±0.5

5 36.3±0.8 36.3±0.4

6 36.0±0.4 36.0±0.4

7 36.9±0.2 36.6±0.2

8 36.1±0.3 36.1±0.3

9 36.7±0.3 36.6±0.4

10 36.6±0.3 36.5±0.3

11 36.3±0.2 36.4±0.3

12 36.3±0.3 36.5±0.4

13 36.4±0.3 36.0±0.5

14 36.3±0.2 36.1±0.2

15 35.9±0.3 35.9±0.2

16 36.5±0.4 36.4±0.2

17 36.3±0.3 36.2±0.4

18 36.5±0.2 36.4±0.2

19 35.9±0.6 35.8±0.8

20 36.4±0.2 36.6±0.5

36.3±0.3 36.2±0.3

p-value — 0.24
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FS

FS FS

± ±

1 2.9±1.5 2.8±0.8

2 2.9±1.2 1.1±0.4

3 3.3±0.8 2.8±1.3

4 4.0±0.0 3.4±0.2

5 3.3±0.4 2.5±0.6

6 4.4±1.0 5.0±0.0

7 4.0±0.0 3.6±0.6

8 2.6±0.5 0.8±0.3

9 4.0±0.0 3.4±0.5

10 2.4±1.5 2.7±2.0

11 4.0±0.6 2.2±0.3

12 1.6±1.1 2.5±0.7

13 3.4±2.1 2.0±0.8

14 2.7±1.1 2.0±0.0

15 4.4±0.8 3.6±0.5

16 3.5±1.6 3.5±1.7

17 2.5±0.7 1.1±0.2

18 2.6±0.8 2.3±0.8

19 0.6±0.5 2.6±0.8

20 2.6±0.5 2.1±1.1

3.1±1.0 2.6±1.0

p-value — 0.14
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FS

FS

1 0.9 1.0

2 1.0 0.4

3 0.9 0.8

4 0.9 0.9

5 1.0 0.8

6 1.0 1.1

7 1.0 0.9

8 1.0 0.3

9 1.0 0.8

10 1.0 1.1

11 1.0 0.6

12 1.0 1.5

13 1.0 0.6

14 1.0 0.7

15 1.0 0.8

16 1.0 1.0

17 1.0 0.5

18 1.0 0.9

19 1.0 4.5

20 1.0 0.8

0.997±0.005 1.0±0.9

p-value 0.02 0.99

0.8±0.3

p-value 0.01
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1375m

260

190
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60

40-50 30

1988 1994

1988

980 /s2

gal=cm/s2

1985 Kusumoto et al. (1996)

Nishijima & Naritomi(2017
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1992 10

Kimura et al. (2019)

(2016)

NEDO

2017

1988 1994

(1988) 1.5 km
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2km

1987

1-4km

1985

(1988) T0

- -

1988

1988

-

30

(1994) 1.5

1993

2-4

1988 1993

2015 2 1969 1972

1994

Ma 1985
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2

(2016)

, , 2016.05. 

1993 5 1 75

1988 5 1

131

1985 264  33-

64

Kimura, H., Nakanishi, T., Katsuki, K., Hong, W., Hisanori Matsuyama, H. and 

Takemura, K. (2019): Holocene activity of the Asamigawa fault detected from 

sediment cores and a ground-penetrating radar cross-section in the Beppu 

area, southwestern Japan. Quaternary International, 503, 87-96. online 

journal homepage: www.elsevier.com/locate/quaint

1985 264 305-333

Kusumoto, S., Fukuda, Y., S. Takemoto, S. and Yusa, Y. (1996): Three-dimensional 



subsurface structure in the eastern part of the Beppu-Shimabara Graben Kyushu, 

Japan, as revealed by gravimetric data.  J. Geod. Soc. Japan, 42, 167-181, 

2017

26 28

526p

https://www.jishin.go.jp/main/chousakenkyuu/beppu_haneyama/h28/26_28Report_al

l.pdf

1969 9 207-

221

(1972) 23

43-49

2015

, 36 

(3), 159-171. 

Nishijima, J. and Naritomi, K. (2017): Interpretation of gravity data to 

delineate underground structure in the Beppu geothermal field, central Kyushu, 

Japan, Journal of Hydrology: Regional Studies, 10.1016/j.ejrh.2015.11.022, 11, 

84-95. 

1987 vol. 38 p. 385-422

1994

1993 38

63-66
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1 

Rn

Rn

Rn

Rn

Rn

Ra Ra Rn

Rn

  

Rn Ra

Rn Ra Rn

20×10 10 Ci/kg 5.5 222Rn 74 Bq/kg Ra 1×10 8 mg/kg

226Ra 0.37 Bq/kg Rn 30×10 10  Ci/kg 8.25

222Rn 111 Bq/kg

2015 Rn Rn 222

Rn 222Rn 226Ra 1600

3.8 218Po

1981 412 2651 74 Bq/kg

24% 111 Bq/L 19%

Rn 1956 Rn 1983

Rn

2013 Rn

��������	
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�����������	
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2

2019

Rn

1960

Rn

1956

Rn

1983 2013

Rn Rn

2-1

70L

2012
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3

pH

2-2

2-2-1 Rn

Rn Durridge

RAD7 Rn

RAD H2O

Rn 250mL

Rn

RAD7 Rn

H2S Rn RAD7
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4 

RAD7 Rn   

Rn

=

Rn 0.181 day-1 R Rn Bq/L Rn

Rn Bq/L

RAD7 220Rn

CV 45 2×10-3 Bq/L

2-2-2 Ra

1 222Rn 226Ra

222Rn 226Ra

Ra Rn

3 Rn

250mL 222Rn 226Ra

1 Rn

RAD7 Rn Rn

Ra

=
1

R Rn Bq/L Ra Ra Bq/L Rn

day-1 t day

RAD7 Ra

Ra

2 226Ra 214Pb

200000 226Ra

0.014 Bq/L

RAD7 0.02 Bq/L RAD7 Ra
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5

2-2-3

pH4.3 HCO3
-

Na+ K+ Ca2+ Mg2+ Cl SO4
2

Thermo Fisher Scientific ICS-1100

Na-K-Ca 2010

3-1

Na-Cl

Cl

HCO3 SO4

3-2 Rn Ra

Rn Ra Rn

Rn Rn

L

Rn

7.4 16.5 Rn Rn

pH
Na

(mg/L)

K

(mg/L)

Mg

(mg/L)

Ca

(mg/L)

Cl

(mg/L)

SO4

(mg/L)

HCO3

(mg/L)

97.1 7.8 20.6 630 80 n.d. 33 700 450 110

97.1 7.8 85 1000 110 2 51 1400 250 24

Rn Ra

(Bq/L)

2019/5/20 0.39 2.9 14 0.02

2019/5/22 0.02 0.33 n.a. 0.02
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6 

Rn

Rn

4-1 Rn

100

Rn

Rn

Na-K-Ca

1968 898

kJ/kg

406 kJ/kg 2671 kJ/kg

898 = 2671 × + 406 × (1 )

= 0.217, 1 = 0.783

20.6 L/ 1

=
0.217

0.783
× 20.6 = 5.7L/

25 mL/

25

18
× 0.082 × (273 + 17) = 33 L/
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7 

3% 2000

33 ×
3

97
×

5.7

0.025
= 233 L/

Rn Rn

0.39 Bq/L × 20.6 L/ = 8.0 Bq/

2.9 Bq/L × 5.7 L/ = 16.5 Bq/

14 Bq/L × 233 L/ = 3300 Bq/     

Rn

Rn
=

3300 + 8.0 + 16.5

20.6 + 5.7
= 126 Bq/L

Rn

Rn

Rn

Rn
=

3300 + 16.5

3300 + 16.5 + 8.0
× 100 = 99.8 %

Rn 0.092 Bq/L

Rn 82.6 %

  

4-2 Rn Ra

Rn Ra

Rn Ra

Rn Ra Ra

Rn Rn

Rn

Rn

Ra Rn

1956 Rn

1978
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8

Rn Ra

Rn

Rn

Rn

Rn

Rn Ra

Rn 99

Rn “ “

Rn

Rn

2000

Ra Rn

Rn 1956

Rn Ra
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9 

Ra

2013

1978 Rn

12 59-70

1981 31 69-78

2019

40p

1956 5

78 642-646

1983 34 1-9

1968 116p

2000

51 19-28

 (2010) 

59 295-319

2013 64 43-

46

2015 64, 388-401

2012

p47-p67
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1 5cm

M2 O1

8

10cm 1999

12 25 M2 24 50 2 2

10cm 1999

1994

( )

= ( / )            (1)

(Bredehoeft 1967) .

=50m =0.3 =10-8 0.017mm

.

,

1979

(Yusa 1969).

1
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OW1 OW2

3m CTD-diver

BARO-diver

10

Yusa 1969

Bendat and Piersol 1991; 2015

2017 8 19 00 2018 7 23 23 1

8,136

=
1 2

,    = 0,1,2, , 1             (2)

= 1

( )

( ) = ( )( )          (3)

( ) =
( )

                          (4)
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hour ( )

FFT(Fast Fourier Transform)

0.035cph

 2017 8 19 00 2018 7 23 23

2a 2b 2019

a.s.l. 39 44m a.s.l.

2b 1 2 73m 80m

1 1 2 29m 36m

m

8 10 2017 10

12 2018 6 2b

a 8 19

9 19
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4m

2017 9 16 17 ,

313.5mm 2c

2 1 5cm 1 1cm

3

1 2 8 12 24

4

O1 K1 M2 S2 O1 cph(cycle/hour)

25.819 0.0387 K1 23.934 0.0419 M2

12.420 0.0806 S2

12.000 0.0833

8 6

1 2 8 12 24

K1 S2

M2 O1

3 2

a 1 b 2 c 0.03 0.09 

cycle/hour d 1 e 2
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3c

1 2

3d 3e 2

4

1 1 2 4

1 1 1

1

1 5cm

8

M2 O1

1 2 1

1999

,2 112 ,57-64.

2019 http://www.jpm.go.jp/jma/ (2019.12.25 )

1994 4 169-176. 

Bendat,J.S. and Piersol A.G. (1991): Random Data, Analysis and Measurement 

1 2
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Procedures. Wiley, 566 p. 

Bredehoeft J.D.(1967) Response of well-aquifer systems to earth tides. J. Geophys. 

Res.  72  3075-3087. 

2015

 - -

57 2 187-205. 

Yusa Y. (1969): The fluctuation of the level of the water table due to barometric 

change. Spec. Contrib. Geophys. Inst., Kyoto Univ. 9 15-28

1979 : 40 1 40-48. 
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LA-ICP-MS

2

LA-ICP-MS

26 10

SiO2 FeO*/MgO I 937 – 998

356 – 624 MPa 51.5 - 64.5 wt.% 2.5 – 3.3 II (781 – 865 87

– 229 MPa 69.4 - 75.0 wt.% 2.1 – 4.0



����

Nandedkar et al. 2016

I II

I

Kimura et al. 2005

I

II Sr/Y Y

Hirayama et al., 

2019 II

Hirayama, T., Shibata, T., Yoshikawa, M., Hayasaka Y. and Takemura K. (2019)

Geochemical features of Quaternary rhyolitic magma and xenolith from 

Hime-shima volcanic group, Japan Geoscience Union Meeting 2019 Abstracts, 

SCG52 - P08.  

Kimura, J., Tateno, M. and Osaka, I. (2005) Geology and geochemistry of 

Karasugasen lava dome, Daisen-Hiruzen Volcano Group, southwest Japan, 

The Island Arc, 14, 115 - 136.

Nandedkar, R. H., Hürlimann, N., Ulmer, P. and Müntener, O. (2016) 

Amphibole-melt trace element partitioning of fractionating calc-alkaline

magmas in the lower crust : an experimental study, Contributions to 

Mineralogy and Petrology, 171 : 71.
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Sr - Nd

Sr - Nd 2016

2018

2 Sr 87Sr/86Sr

, 2015 2015

SiO2 - 

2018 2015

2015

2018
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Sr 2

Sr/Y 35 18071502

19090905 18071502

19090905

2018

Sr 2016 Sr

ThermoFinnigan MAT262

.

SiO2 wt - 87Sr/86Sr

Kita et 

al. 2001 87Sr/86Sr

Kita et al. 2001 0.7043 0.7040

87Sr/86Sr 0.7043 0.7040 Sr

Sr Sr SiO2 53 64 wt%

Kita et al. 2012 Nb/Y - 87Sr/86Sr 2

IA EMII OIB OIB EMII

OIB OIB OIB

OIB

OIB
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0.7035

0.7040

0.7045

0.7050

0.7055

50 55 60 65 70

8
7
S
r/
8
6
S
r

SiO2 (wt%)

1. SiO
2

wt%
87
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Kita, I., Yamamoto, M., Asakawa, Y., Nakagawa, .M, Taguchi, S., Hasegawa, H. (2001) 

Contemporaneous ascent of within-plate type and island-arc type magmas in the Beppu–

Shimabara graben system, Kyushu island, Japan. J. Volcano. Geotherm. Res., 111, 99–

109. 

Kita I, Asakawa Y, Yuri, T., Yasui, M., Shimoike, Y. , Yamamoto M, Hasegawa, Taguchi, S., 

Sumino, H. (2012) Rifting of Kyushu, Japan, based on the fault-controlled concurrent 

eruption of oceanic island basalt-type and island arc-type lavas, Bull Volcanol., 74, 1121–

1139. 

1991

86 1 15.

Shibata, T., Yoshikawa, M., Itoh, J., Ujike O., Miyoshi, M., Takemura, K. (2014) Along-Arc 

Geochemical Variations in Quaternary Magmas of Northern Kyushu Island, Japan. In 

Gómez-Tuena, A., Straub, S.M., Zellmer, G.F. (Eds.), Orogenic Andesite and Crustal 

Growth. Geological Society of London, Special Publication. Geological Society, Special 

Publications, London, 385, pp. 15-29.

Sugimoto, T., Shibata, T., Yoshikawa, M. and Takemura, K. (2006) Sr-Nd-Pb isotopic and 

major and trace element compositions of the Yufu-Tsurumi volcanic rocks: implications 

for the magma genesis of the Yufu-Tsurumi volcanoes, northeast Kyushu, Japan.

Journal of Mineralogical and Petrological Sciences, 101, 270-275. 

2017 Sr-Nd

2 68 55 59. 

2016

Sr–Nd , 67

35-39. 

2018

Sr-Nd 3 67 35-39. 

2019

Sr-Nd 4

70 47-51. 
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Yamada et al. 2017
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2

2 2

1

Yamada et al., 2017

(Oreochromis

niloticus) Yamada et al., 2017

2019 8 21 22 2 4

1 10

10
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3

3.1

(Palaemon seriffer) (Callianassa petalura)

(Alpheidae) (Syncrangon angusticauda)

(Atyidae) (Macrobrachium formosense) 6

16 1

6 1 2

95 1

1cm

3.2

(Grapsidae) (Ilyoplax)

(Sesarmops intermedium) (Varunidae) 4

1 2 1

194 8 6 1

4cm 1cm

1cm 5cm

3.3

(Clithon retropictus) (Physa acuta)

(Pomacea canaliculata) (Semisulcospira libertina)

(Melanoides tuberculata) 5

 3

559 25 2

49 6 1 1

11 1cm 3 4cm

1cm

1cm
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3.4

13

8

1.6

4.5

3

6
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4 2

4

4.1

1999

10 30 5 35

2002 35 Yamada et al. 

2017

4.2

80

Web 10 28
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2017

2018

1994

5

, , , , , .

. 2007; 58; 21-30.

Yamada M, Shoji J, Ohsawa S, Mishima T, Hata M, Honda H, Fujii M, Taniguchi M. (2017) 

Hot spring drainage impact on fish communities around temperate estuaries in 

southwestern Japan. Journal of Hydrology: Regional Studies, 11, 69-83.

2017  - -,

, 36p.

1999 Eriocheir japonica (de Haan) ( ), ,

54, 24-35.

2002
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2018 , , 5, 

33-45.

1994 Melanoides

tuberculatus (Müller)(  Thiaridae) ( ).

, 12, 23-27.
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RG92(Mucidosphaerium sp. RG92 )

RG92 (550-700nm) (400-600nm)

1

RG92

1 )

RG92

RG92 2 )

3 )

4 )

5 )

RG92

5 )

2

2-1.

0.8% ( 150ml 25 )

(32W) (12 / ) 1

(660nm)



����

2

1

2-2.

Bligh&Dyer 6 ) Marcolongo 7 )

(TLC)

(HPLC) TLC / (3 1)

50% 105 ImageJ HPLC

ODS / / (23 70 7)

35 0.5 ml/min UV 205nm Monogalactosyl diacylglycerol (MGDG)

Digalactosyl diacylglycerol (DGDG) UV 205nm

2 MGDG ( ) DGDG ( ) 8 )

3

3-1.

Chaetoceros sp.9 ) Spirulina platensis Chlorella vulgaris

10,11 ) RG92

660nm

RG92 Chlorella LED

12 ) RG92
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3 RG92

3-2.

4 TLC MGDG DGDG

(A

B C D E) 5 HPLC

MGDG DGDG

2
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12 ) RG92
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A                  B
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4

B

5 HPLC (A B )

4

RG92

RG92

 ( )

1) Miyata M. et al., A novel Mucidosphaerium sp. from Beppu hot spring down-regulates 

inflammatory gene expression in skin and articular cells. Altern Ther Health Med. (in press)

2) , Mucidosphaerium sp. RG92 ,

, 68:204-215(2018)  

3) Oh S. J. et al., Effect of monochromatic light emitting diode on the growth of four 

microalgae species (Chlorella vulgaris, Nitzschia sp., Phaeodactylum tricornutum,

Skeletonema sp.). Korean Soc Mar Environ Safe. 21(1):1-8(2015) 

4) Zahra A. K. et al., Effect of light intensity and photoperiod on biomass and fatty acid 

composition of the microalgae. Chlorella vulgaris, Aquacult Int. 20:41-49(2012)  

5) , RG92 , , 70, 

77-81(2019) 

6) Bligh E. G. et al., A rapid method of total lipid extraction and purification. Can J Biochem 

Physiol, 37:911-917(1959) 

[V s] 45.3 56.2 59.9 72.2 91.7 91.0 

MGDG

DGDG

Time[min]

MGDG DGDGA
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5

7) Marcolongo, G. et al., Diacylglycerolipids isolated from a thermophile cyanobacterium 

from the Euganean hot springs. Nat Prod Res. 20(8):766-774(2006) 

8) Weihua Y. et al., New Membrane Mimetics with Galactolipids: Lipid Properties in Fast-

Tumbling Bicelles. J Phys Chem B. 117(4):1044-1050(2013)

9) Oh S. J. et al., Effects of light quantity and quality on the growth of the harmful dinoflagellate,

Cochlodinium polykrikoides margalef (dinophyceae). Algae. 21(3):311-316(2006) 

10) Wang C. Y. et al., Effects of using light-emitting diodes on the cultivation of Spirulina 

platenesis. Biochem Eng J. 37:21-25(2007) 

11) Gokce K. et al., Effect of different wavelengths of light on growth, pigment content and 

protein amount of Chlorella vulgaris. Fresenius Environ Bull. 26(12):7974-7980(2017) 

12) Jessica H. D. et al., Blue light emitting diodes (LEDs) as an energy source in Chlorell

a fusca and Synechococcus nidulans cultures. Bioresour Technol. 247, 1242-1245(2018) 
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