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A Study on the Physiological Development of
Pupils in Yunomine Spa Area

Yuichi Ito, Eiji GoTo, Hideo IMAI, Kyubei ARATSUKA,
Katsumi SUDO and Benkichi TAMAKI
Osaka Educational University and Tamaki Hospital

To study the physical conditions of spa-bathing and non-spa-bathing pupils, research
of livelihood, muscle strength, nutrition, hemogram, electrocardiogram, gastric juice
acidity and urine was done on 48 pupils inhabiting Yunomine Hot Springs (Hongucho,
Higashimuro-gun, Wakayama Prefecture). The results were as follows:

1) 10 elementary school pupils and 15 junior high school pupils belonging to the
spa-bather group were examined, as well as 10 elementary school pupils and 15 junior
high school pupils belonging to the non-spa-bather group. Half of spa-bathers have been
taken a bath daily. The pupils bathing every other day ranked second and the pupils
bathing once every 3 days ranked third. Almost all non spa-bathers took a bath at home
every 3 days. For the daily diet, appetite, stool, disease etc., the difference between the
spa-bathers and non-spa-bathers was not remarkable.

2) For the development, muscle strength, respiratory function and nutrition, no
difference was recognized between both groups.

3) The numbers of red blood cells of spa-bathers was higher than those of non-spa-
bathers, according to the statistical difference (5% level of significance). The hemoglobin
contents and hematocrit value of spa-bathers was also higher than that of non-spa-
bathers. For the numbers of white blood cells and blood sugar value, no difference was
found between the both groups.

4) The maximum blood pressure of spa-bathers was lower than that of non-spa-
bathers.

5) On the electrocardiographic pattern, the difference was not so remarkable. In
the non-spa-bathing group, there were many children with a positive result in the eye
ball pressure test. This result shows the statistical difference (5% level of significance).

6) At the Rumpel-Leede phenomenon, no difference was found between the spa-
bathers and non-spa-bathers.

7) The pH-value of gastric juice of the spa-bathing group showed a tendency to
hyper-acidity. There was a statistical difference (5% level of significance).

8) The pH-value of urine was generally 5-6. The results of other general urine
test (protein, glucose, occult blood, urobilinogen) were found to be not unusual.
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Table 1.

Chemical Analysis of Yunomine Hot Spring

Temperature

91°C

Specific gravity

1.0014 (20°C/4°C)

pH

7.6

Total residue

1542.5 mg/kg

mg/kg ool millival %
K’ 38.48 0.9974 4.92
Na' 418.1 18.181 89.70
Ca’ 20.69 1.032 5.09
Mg’ 0.513 0.0423 0.21
Fe" 0.056 0.0020 0.01
Mn' 0.200 0.0073 0.04
Al 0.050 0.0056 0.03
478.5 20.26 100.00
cr 219.9 6.202 30.33
S04/ 15.54 0.3235 1.58
S203/! 0.010 0.0001 0.00
HCOs' 832.3 13.64 66.70
COs'’ 2.556 0.0852 0.42
HS 4.908 0.1484 0.72
HSiOy 3.245 0.0421 0.21
BO 0.325 0.0076 0.04
1078. 20.44 ‘ 100.00
HBO: 6.924 0.1580 \
H.Si0s 96.74 1.239 ;
CO: 50.04 1.137
H:S 1.387 0.0107
Total ingredients 1712

The spring may be classified as hydrogen sulphide spring containing
sodium bicarbonate

Radon Content:

0.74 ME
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Table 2. Average height (in cm)

oh— - SR - RHEET - REARE - AEER - TERE

Age Sex | Spa-bathers I\‘i)(:tlltlseprz- All Japan ‘ Wal}gggﬁma
9 Q 129.0 124.0 129.1 128.8
10 o | 135 129.9 135.0 134.3

s 198.4 139.0 139.5 | 139.6

. o | 160 | 1365 141.4 142.0

5 137.6 | 1421 145.7 145.8

2 Q 142.1 148.0 147.2 147.6
- 5 135.1 152.9 1528 | 131

1 o 155.7 | — 510 151.5

5 49 D 159.2 159.5

14 S——

Q 155.1 154.2 153.1 153.0
Table 3. Average weight (in kg)

Age Sex Spa-bathers b{gﬁfgg All Japan Wag?eyfe?ma
9 Q 25.1 22.4 26.7 26.9
10 Q 30.1 27.5 501 | 30.3

| & L 32.0 3.0 3.0 | 322

" e | 33.2 31.3 34.5 34.8
7672 3.7 31.4 37.4 37.3

12 Q ‘ 33.5 40.7 95 39.5
s ‘ 30.0 40.6 42.7 42.8
. ? | 39.0 — 43.9 43.9

5 \ u7 — 48.4 48.6

14 2 | 48.7 47.8 47.2 47.2
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Table 4. Average measurements of the girth and of the chest (in cm)

Age Sex | Spa-bathers I\{)(;réi,lsé)ras' All Japan Walﬁggﬁma
9 {? 58.3 62.3 61.5 61.4
10 Q 63.0 62.0 64.4 64.3
8 67.1 67.0 67.6 67.5
H =) 66.0 65.0 67.9 68.0
73 69.5 66.5 70.3 70.2
2 Q 69.0 72.1 72.1 72.2
8 68.0 75.0 74.1 73.2
1 =) 68.8 — 75.6 76.9
3 66.8 — 78.2 78.2
14
{? 79.3 77.2 78.0 78.3

Table 5. Average length of torso in sitting position including head

Age Sex | Spa-bathers I\L%rtlilsgi' All Japan Walrf?gﬁma
9 =} 72.0 65.2 71.1 71.2
10 =} 79.9 72.8 74.0 74.3
B 76.1 77.0 75.5 75.7
H { 79.0 75.5 77.1 77.5
3 74.7 77.4 78.6 78.6
2 = 77.2 81.6 80.5 80.7
3 74.5 80.0 82.1 82.1
= 2 83.2 — 82.7 83.0
3 77.3 == 85.5 85.6
H Q 85.7 85.2 84.0 84.0
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Table 6. Muscle strength, nutrition, etc. (spa-bathers)
Sqeeze Back Vital Girth of"
No Age Sex Right Teft stretch capacity | upper arm_[Kaup index

kg kg kg ml cm
1 9 Q. 9.5 12.0 42 1040 16.1 0.135
2 9 L 15.0 15.0 54 1440 18.8 0.163
3 10 ) 14.5 14.5 25 1440 19.4 0.167
4 10 { 19.0 19.0 68 2540 19.6 0.154
5 10 (=) 14.5 13.0 22 1260 18.2 0.149
6 11 @ 20.0 19.5 62 2200 20.0 0.155
7 11 3 20.0 18.5 61 1600 19.0 0.159
8 11 S 20.0 16.0 46 1920 21.4 0.154
9 11 3 34.5 31.5 — 2890 22.7 0.186
10 11 3 20.5 18.0 76 1690 19.1 0.159
11 12 a8 19.5 19.0 60 2200 19.2 0.157
12 12 3 21.0 20.0 80 1910 20.8 0.177
13 13 3 20.0 16.5 54 2080 19.0 0.156
14 13 3 20.0 21.0 57 1860 20.4 0.172
15 13 3 21.0 18.0 64 2400 19.3 0.158
16 14 a8 34.0 31.5 96 2720 22.0 0.170
17 12 =) 22.0 23.5 52 2260 22.0 0.173
18 12 = 15.0 15.0 34 1900 18.9 0.171
19 12 {? 22.0 19.5 42 2120 18.9 0.152
20 13 2] 28.0 21.0 73 2300 21.0 0.161
21 14 =) 27.5 23.5 69 2440 21.8 0.183
22 14 2] 27.0 26.0 66 2020 23.4 0.217
23 14 (=) 28.5 24.5 60 2320 22.4 0.183
24 14 Q 35.0 27.5 88 2760 22.6 0.195
25 14 =) — — — — — 0.225

Table 7. Muscle strength, nutrition, etc. (non-spa-bathers)
Sqeeze Back Vital Girth of
No Age Sex Right Left stretch capacity | upper arm Kaup index

kg kg kg m/ cm
1 9 2 11.5 10.0 44 1920 17.0 0.145
2 9 Q@ 22.0 11.0 39 1390 17.4 0.146
3 10 = 12.5 10.5 36 1220 17.0 0.139
4 10 =] 16.0 14.5 50 1620 17.0 0.153
5 10 (<2 21.5 20.0 60 2040 21.5 0.192
6 11 2 19.5 20.0 60 1490 19.3 —
7 11 2 17.5 15.5 78 2090 21.0 0.167
8 11 8 21.0 20.5 52 2100 19.2 0.158
9 11 x 25.5 22.5 93 2200 21.0 0.160
10 11 N 21.0 23.0 83 2360 22.0 0.166
11 12 £ 29.0 27.0 88 2430 19.2 0.142
12 12 8 19.5 19.0 76 2400 19.6 0.163
13 13 8 31.0 26.0 92 2860 22.8 0.173
14 13 D 25.5 22.0 72 2380 18.8 0.158
15 13 s 38.5 39.5 102 3030 24.3 0.191
16 12 Q 27.0 19.5 74 2860 21.6 0.189
17 12 @ 19.5 16.5 56 1930 16.8 0.154
18 12 o] 29.0 24.0 72 2520 23.2 0.189
19 12 D 31.0 27.5 68 2800 23.0 0.201
20 14 ) 32.0 30.0 90 3120 25.0 0.214
21; 14 =] 29.5 22.5 90 2400 21.3 0.192
22 14 =] 28.0 26.0 74 2220 23.4 0.197
23 14 Q 34.5 25.5 62 2270 22.3 0.201
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Table 8. Hemogram (spa-bathers)

Red White :
No ‘ Age Sex | corpuscles corpuscles Hemg/gmbm Ht'g/alue Blooﬁ()%urg?r
X 104/mm3 /mm3 g 0 mg
1 9 (=] 413 6300 91 40.0 110
2 9 Q@ 410 7800 87 43.0 110
3 10 = 493 8200 94 44.5 110
4 10 Q 440 6500 91 42.5 110
5 10 { 410 7300 70 36.5 130
6 11 (2] 439 6100 89 42.0 90
7 11 a8 446 €90 91 40.0 110
8 11 8 410 6500 97 43.0 110 5
9 11 8 418 8600 79 40.5 77"
10 11 ) 461 5300 75 38.5 90
11 12 a8 481 5500 88 39.0 130
12 12 & 432 5000 87 37.5 90
13 13 5 469 5100 80 36.5 130
14 13 3 409 5200 88 37.0 130
15 13 S 400 6800 88 37.5 90
16 14 AN 451 6100 95 42.0 110
17 12 Q@ 449 4900 87 36.0 130
18 12 (=] 435 5500 77 38.0 130
19 12 = 470 5600 90 42.0 110
20 13 { 369 7200 81 38.5 90
21 14 Q@ 427 6100 92 39.0 110
22 14 @ 489 8600 92 43.5 130
23 14 =] 475 7100 80 35.0 130
24 14 Q@ 437 6900 95 41.0 130
25 14 () 448 7700 84 39.5 110
Table 9. Hemogram (non-spa-bathers)
Red White :
No. Age Sex | corpuscles corpuscles Hem‘;/gbbm Ht";/alue Blooc}lauglar
% 104/mm?3 /mm?3 & 2. mg/im
1 9 () 360 6500 79 38.5 110
2 9 (=] 346 7400 80 36.0 110
3 10 =] 395 7900 84 39.0 110
4 10 i) 449 5000 89 40.0 90
5 10 P 378 5000 84 41.0 130
6 11 = 313 8400 77 38.5 110
7 11 Q 449 7200 83 43.5 90
8 11 s 317 7100 94 39.0 110
9 11 8 346 6200 87 40.5 90
10 11 S5 353 6700 92 41.0 130
11 12 & 463 6700 94 39.5 110
12 12 S 356 5400 87 40.0 110
13 13 8 374 6100 85 36.5 110
14 13 3 468 7400 87 37.0 110
15 13 5 390 6200 85 39.5 130
16 12 < 384 7200 90 38.0 130
17 12 =] 375 6200 92 38.5 110
18 12 Q@ 427 6100 91 40.5 130
19 12 =} 480 6800 80 41.5 130
20 14 =} 379 5900 80 36.5 110
21 14 ) 397 5700 86 38.5 130
22 14 ) 383 8100 78 36.5 90
23 14 (] 467 5600 77 41.0 110
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Table 10. Hemogram

Red White .
Pupils Sex | corpuscles | corpuscles Hem%globm Ht-\OIalue Bloodl(%zg?r
/mm3 /mm3 g % mg/100m
elementary 3 459104 6230 85.5 40.5 96.9
Spa- school Q 422 7030 87.0 41.4 110.0
h
pathicre junior high | 3 424 5620 87.7 38.2 113.3
e Q 454 6380 86.4 39.2 118.9
elementary S 339 6670 91.0 40.2 110.0
Nonspar| oo ? 384 6770 82.3 39.5 107.1
bt junior high | ® 410 6360 87.6 38.5 114.0
school Q 412 6423 84.2 38.5 117.5
Table 11. Blood pressure (/mmHg)
Pupils ‘ Sex ’ Max. ’ Min. Pulse-pressure
slententary 5 106.8 | 575 49.3
e Q 109.5 ’ 61.2 48.3
Spa-bathers
S 5 114.5 ‘ 60.2 5.3
schaol Q 125.3 \ 72.0 53.3
Clementoy 5 115.0 | 63.0 52.0
Non-spa- school Q 1103 | 62.6 48.9
bathers [
| stmior High & | 186 | 564 62.2
| school e | 1203 g 66.5 53.8
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Table 12. Eye ball pressure test

- HEBR - TERE

| | .
- Pupils Sex | MO AT |
elementary & : -
| school = ! 6 -
Spa-bathers ! jumior High ! 6 1
| school = \ 9 -
L total f 25 1
elementary ! S l . 3 E
school ° ‘ 7 B ‘
Non-spa- | |
bathers | junior high S 3 1 |
school Q ] o :
} total 23 4
Table 13. Rumpel-Leede’s phenomenon
Pupils Sex Nurrét;g;nci)rfleguplls ++
elementary 3 4 -
school Q 6 1
Spa-bathers {Afior Bigh N 6 =
school | 9 .
total 25 1
elementary 3 3 -
school Q 7 _—
Non-spa- 3 5
bathers junior high -
school Q 8 _
total ‘ 23 0
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Table 14. Gastric acidity

Pupils Sex (NumIber ot Buplle" " prgh Normal Low
elementary S 4 3 1 -
school Q 6 3 1 9
Spa-bathers junior high £ 6 2 2 2
school Q 9 6 ER 3
total 25 14 (56%) 4(16%) 7 (28%)
elementary 3 3 1 1 1
school Q 7 1 4 9
Non-spa-
bathers junior high S 5 1 3 1
school ) 7 1 1 5
total 22 4(18%) 9(41%) 9(41%)
Table 15. Urine
Number of pupils . Occult | Urobili-
School Sex L e Glucose | Protein hlcod hogen
elementary 3 4 - - — 1
school Q 6 i 1 N 1
Spa-bathers junior: high ) 6 — 1 -— 1
school Q 9 _ 4 1 .
total 25 0 6 1 3
elementary 3 - - - -
school Q 7 o 9 1 9
Non-spa-
bathers junior high 3 5 - 2 - 2
school o 3 _ 1 1 1
total 23 0 5 2 5
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