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1. INTRODUCTION 

The quality of water has m u巴hto do not only with our daily life but also 

with various enterprises such as agriculture， industry， fishery etc. 
The difference in the amount of巴hemicalconstituents dissolved in waters 

is important problems when it comes to rationalization of fertilization， plan-
ning of irrigation works etc. particularly in Asiatic eountries where rice-

growing is the巴oreof the agriculture and the rivers are the main sources of 

irrigation water. 

1 made chemical investigations on rivers throughout the whole territory 

of Japan during the past many years since 1941 and revealed the nature of 

waters in these rivers. This time 1 had the opportunity to reveal the quality 

of waters in southeastern Asiati巴巴ountrieswhere the weather， geological 
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conditions etιdiffer greo.tly from those prevo.iling in Jo.po.n tho.nks to the 
o.id extended by the Rockefeller Foundo.tion o.nd the coopero.tions rendered 
by the governments of respective countries. 

Here 1 report the ano.lytico.l results conducted in my lo.boro.tory for the 
purpose of obto.iningo genero.l outlook on the no.ture of water in Tho.ilo.nd， 
0. country interno.tiono.lly known o.s 0. greo.t rice e玄porter.

With the o.id of concerned circles including Royo.l Highness Lo.k Ko.shem-
so.nto.， Director of the Agriculturo.l Bureo.u of Tho.ilo.nd， 28 rivers， 21o.kes 
o.nd 1 city wo.ter were chosen o.nd so.mple wo.ters were taken simulto.neously 
12 times once in eo.ch month for the duro.tion of one yeo.r from respective 

plo.ces. These so.mples were sent by o.ir to my lo.boro.tory. This report is the 

fruit of the investigo.tion thus conducted. 

11. SAMPLING 

(a) Selection o[ places where samples ωere collected. 
1 went to Bo.ngkok in June， 1956 o.nd o.fter consulting with Royo.l High-

ness Lo.k Ko.shem蹴 lta，Direetorof the Agrieultual Bureau，seleded3: 

plo.ces covering the whole territory of Tho.ilo.nd. The deto.ils o.re shown in 
To.ble 1 o.nd Fig. 1. These plo.ces include 11 plo.ces within the Mae No.m Cho.o 

Phro.yo. bo.sin (commonly known o.s the Mo.e No.m River in Jo.po.n) which is 
the principo.l rice producing o.reo. in Tho.ilo.nd o.s well o.s 3 plo.巴esin the mo.in 
streo.m of the Mo.e Khong River flowing o.long the frontier line between 
Tho.ilo.nd o.nd Lo.os， 6 plo.ces in the tributo.ries of the so.me river， rivers and 
lo.ke in the Mo.lo.y peninsulo.， city wo.ter of Bangkok etc. 
(b) Method o[ Sampling. 

So.mpling of wo.ter wo.s mo.de using polyethylene conto.iners previously 
sent by me o.t 0. point 15-20 cm below the surface of the wo.ter o.t 0. middle 

plo.ce of 0. river where the wo.ter current is fo.自testo.nd the depth is greo.test， 
with the coopero.tion of agriculturo.l technicio.ns sto.tioned neo.r the respective 

so.mpling plo.ces. 
After being o.ccumulo.ted without losing o.ny time o.t the office of Director 

of the Agriculturo.l Bureo.u mentioned above， they were sent to my lo.boro.-
tory by air par巴e1.

(c) Time o[ Sampling. 
So.mpling o.t 30 plo.ces except service wo.ter of Bangkok city wo.s mo.de 

simulto.neously on July 15， 1956 for the first time o.nd then simulto.neous 
so.mpling wo.s repeo.ted on the 15th of eo.ch month 12 times during the period 
of full one yeo.r ending on June 15， 1957. 

However， there were some co.ses in which the so.mpling do.tes were 0.1-
tered due to tro.nsporto.tion facilities or conveniences on the po.rt of the so.m-
pler. 1n view of the circumstances so.mpling do.tes o.re mentioned respectively 
in the o.no.lytico.l results in To.ble 2. 
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Table 1. Places of sampling. 

Name of river. 

Mae Khong R. 

Mae Khong R. 

Mae Khong R. 

Lake Nong Han 

Chi R. 

Chi R. 

Phao R. 

Mun R. 

Mun R. 

Chantaburi R. 

Prachin R. 

B剖 IgPakong R. 

Ping R. 

Wang R. 

Ping R. 

Nan R. 

Nan R. 

Yom R. 

Mae Nam Chao Phraya 

(Salaklang R.) 

Mae N町 nCbao Phraya 

Pa Sak R. 

Pa Sak R. 

Mae Nam Chao Phraya 

Supan R. 

Kwae Noi R. 

Mae Klong R. 

Chumphon R. 

(Tatapao R. ) 

Tapi R. 

Lake Talesaab 

Sai Buri R. 

Service Water of 
Bangkok City 

Places of sampling. 

Chieng・an，Chiengrai. 

Thakai， Nongkai Province. 

Mukdaharn Village， Mukdaharn District， Nakorn Panom 

Province. 

Middle of Nong Han， far from Don Sawan Island to the 

east about 300 meters， Sakon Nakhon. 

Bankai Local Amphur Muang， Changwad Chaiyaphum. 

Tha Phra Village， Kon Khen. 

Kal回1D.

Tumbol Toom， Amphur Tartoom， Surin. 

Tumbol Phatum Amphur Muang， Changwad Ubolrajatani. 

North of the Bridge-Tacheng， Chantaburi. 

Prachinbury Market， Muang District. 

Namuang Amphur Muang Chachoengsao. 

Chedi Ngarm， outside USIS， Chiengmai. 

Banlang Village， Amphur Muang Lampang. 

Rahang District， Amphur Muang Changwad Tak. 

Chahgwad Nan. 

Pitsanuloke. 

Klongtan Village， Srioamrong， Sukhothai. 

Sompowlome Village， Ampl¥'br Krungkow， Ayuthaya. 

Petchabun. 

Sriburi Rak Temple， Pakpreow Village， Muang Distric丸

Saraburi Province. 

Tumbol Parkred Amphur Parkred Changwad Nonburi. 

Tapiliang District， Supanburi. 

Wang Po， Siyoak Subdistriet， Kanchanaburi. 

Burgpai Amphur Bang Pong of Rajburi. 

Near the railway bridge， Chumphon. 

Suratthani. 

Between the islands Kohyai and Kohhaa， Lumpum 

Village， Patthalung. 

Tah Ruah District， Tumbol Rusoh Amphur Rusoh 

Changwad Narathiwat. 

Embasoy of Japan， Saladaeng Lane， Silom Road， Bangkok. 
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Table 2. 

JZJhlMglNalklm|叫 1

mトヤ A |刊回副作SusnEend-llldm 
Iiutry1D

掌

1・
j

Hard-
NHd‘・Nll1lbiudm.N1

・ d ed L~!:::~'l pH ne8s.... Note 
nOIU.N I ed I solids solids 

1956. 7.15 5.9 1.8 143.41 15.2 4.2 1 14.1 0.00 0.00 0.04 0.03 0.31 9.8 156 388.8 7.2 124.2 

8.15 21. 71 3.9 4.2 1.3 82.91 8.4 1.3 1 15.5 0.01 o.∞ 0.00 0.02 0.17 22.8 98 359.3 209.2 6.8 70.4 

。
S

向

b 

J 

9.15 25.71 4.1 4.9 1.3 98.41 8.3 3.1 1 14.6 0.01 0.00 0.00 0.00 0.04 12.2 110 219.5 128.0 6.7 80.4 

10.15 29.6! 6.4 7.2 1.5 115.1115.7 5.5 1 13.1 0.00 0.11 0.03 0.05 0.02 2.4 135 113.0 63.2 6.8 100.2 

尚

・加

同

盟

同

固@ 

11.15 27.815.7 7.4 1.8 5.5 1 13.8 0.00 0.00 0.01 0.05 0.01 11.4 127 131.5 67.9 6.9 93.0 

12.15 30.713.7 8.9 1.9 117.01 17.8 7.3 1 14.6 0.00 0.00 0.01 0.01 o.∞ 5.2 146 80.0 57.4 7.0 92.0 
!>D 1957. 1.16 32.417.2 9.1 1.7 120.11 15.1 7.81 17.9 0.01 0.00 0.00 0.05 0.03 7.1 151 76.7 47.9 7.2 110.8 

』

凶

ロ。 2.15 33.31 7.5 10.8 1.6 122.3117.8 8.1 1 14.6 0.01 0.00 0.00 0.06 0.14 3.4 152 70.4 21.6 6.8 114.2 

E
ぷ
J
司 3.16 34.41 7.8 11.4 1.7 125.61 24.5 9.7 116.5 0.00 0.01 0.00 0.06 0.05 1.7 168 26.6 8.3 7.1 118.1 

=司
= 

4.15 36.31 7.8 11.8 2.4 127.31 28.6 11.4 1 14.6 0.00 0.00 o.∞ 0.03 0.10 2.6 177 122.2 106.3 6.6 122.9 

5.15 36.2 6.9 13.1 2.0 121.5 30.1 14.0 11.7 0.00 0.00 0.06 0.05 0.11 2.9 182 330.3 214.8 6.7 118.8 

6.15 34.5 5.4 6.0 1.7 122.3 11.6 5.0 11.6 0.00 0.00 0.04 0.03 0.02 4.2 142 519.2 428.0 7.0 108.5 

Average 32.1 5.9 8.4 1.7 116.9 17.1 6.9 14.4 o.∞ 0.01 0.02 0.04 0.08 7.1 145.3 186.2 145.1 6.9 104.5 

1956. 7.151 30.9 3.9 5.7 1.9 110.6 9.0 3.9 0.00 0.09 0.03 0.28 5.1 124 335.1 6.9 93.2 

8.15 23.7 3.2 3.3 1.2 89.6 4.8 2.6 16.010.00 0.00 O.∞ 0.05 0.23 40.4 100 470.0 379.3 6.8 72.2 

tsS@ 
a 
， 
4 

9.15 22.8 4.1 4.2 1.9 92.1 6.0 3.0 14.610.00 0.00 0.00 0.00 0.00 8.7 100 301.6 128.5 6.7 73.8 

10.15 28.9 5.2 5.6 1.2 112.9 10.0 3.0 13.910.01 O.∞ 0.02 0.04 0.01 5.4 124 151.5 189.3 6.9 93.7 

11.15 29.2 5.6 6.7 1.2 112.6 12.5 4.3 13.8 0.00 0.00 0.01 0.06 0.02 8.7 128 85.9 126.6 7.0 95.9 

-Jz 
岡

崎

回
目。
c

12.15 31.2 6.3 7.6 1.2 118.7 15.1 5.8 14.6 0.00 0.00 0.01 0.05 0.01 4.0 143 82.4 88.0 7.2 
103....9 5 

9 
2 eM 

。
a
ロ。
。

1957. 1.15 32.8 6.9 8.5 1.3 122.8 16.8 7.8 17.5 0.01 O.∞ 0.10 0.03 0.20 9.0 149 44.5 46.4 7.0 110 

2.15 34.4 6.8 9.8 1.2 124.5 18.2 5.6 16.0 0.00 0.01 O.∞ 0.05 0.03 1.2 154 35.9 4.6 7.1 113 

3.15 33.8 7.2 10.9 1.6 127.3 20.2 9.1 15.3 0.00 0.00 0.00 0.09 0.11 1.9 160 24.0 12.3 7.0 114 

出
園

4.15 37.0 6.9 11.6 1.6 134.2 25.0 10.2 15.9 0.00 0.00 0.00 0.01 0.03 1，1 177 68.5 18.7 7.0 121.0 

5.15 34.8 6.3 11.4 2.2 120.9 24.5 11.8 13.3 0.00 0.00 0.14 0.03 0.09 2.9 164 90.9 119.4 6.9 113.0 

6.15 33.7 5.4 7.0 2.2 121.7 13.8 6.8 14.0 0.00 O.∞ 0.09 0.06 0.07 4.1 147 558.9 166.3 6.8 106.4 

Average 31.1 5.7 7.7 1.6 115.61 14.7 6.2 I 15.0j O.∞ O.∞10.似 O.似 O.ω 7.7 139.2 174.1 134.5 6.9 101.0 

1956. 7.15 17.9 2.8 3.6 1.3 1 66.0 3.7 2.5 12.9 0.00 0.00 0.05 1 0.02 0.17 7.1 81 56.0 

8.15 18.9 2.4 2.7 1.1 71.5 2.4 0.7 13.4 0.00 0.00 0.03 0.05 0.33 20.0 80 241.2 107.816.6 57.2 

・ロ

S@
s
同

ヨ

o 
10.15 23.6 3.5 5.0 1.2 92.1 7.6 2.9 12.4 0.01 0.01 0.02 0.02 0.01 3.5 105 154.2 95.11 6.8 73.3 

11.15 26.6 4.2 6.1 1.1 102.9 10.4 4.5 13.6 O.∞ 0.00 0.01 0.03 0.01 4.9 116 119.5 136.51 6.9 83.8 

』

昌
M 

詞

. 
同
h 

m 

12.15 29.0 5.7 7.6 1.2 111.2 12.5 3.4 14.6 0.00 0.02 0.01 0.03 0.01 4.9 129 63.6 61.8 7.2 96.0 

』

凶

h
回。
D 1957. 1.15 30.2 6.0 8.6 1.2 114.8 15.0 7.8 17.2 0.00 0.00 0.00 0.02 0.03 6.4 137 46.3 12.6 7.0 100.3 

2.15 31.2 6.3 10.0 1.3 117.0 16.0 9.1 15.1 0.00 0.00 0.00 0.04 0.03 1.1 147 29.8 2.3 7.1 104.1 

3.15 31.9 6.6 10.6 1.3 119.2 19.9 9.9 15.3 0.01 0.00 O.∞ 0.05 0.06 1.5 152 16.8 13.0 7.1 106.9 

4.15 32.4 6.3 10.3 1.8 119.2 17.5 10.0 14.8 0.00 0.00 O.∞ 0.08 0.07 1.4 155 21.9 21.3 6.9 106.9 

E

。
e
司
a 5.15133.716.6 1 12.011.9 116.7 21.8 13.4 113.6 0.00 0.00 0.30 1.9 164 20.7 5.8 7.0 111.4 

6.151 19.91 3. 6 1 6.51 1. 5 73.2 7.4 8.4 1 9.2 0.00 0.00 0.01 1 0.06 0.04 3.5 101 285.0 34.5 6.8 64.5 

Average 126.8¥ 4.9 1 7.511.4 1∞.3 12.2 6.6 I 13.8 O.∞ O.∞ O.似 0.04 0.10 5.1 124.3 99.9 57.1 6.9 87.3 

.. Turbidity of 1 ppm of Kaoline is one unit. .... Expre回 edin CaCOs ppm. Analytical results ( ppm ). 
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vぺ;rμ引叩1-1卜同川e叩叫o“山l

間 6. 7.151 2.71 O.生|5.71.912.8 0.59.35.5i0.870.ωQ.?~ 1 Q.O~ I Q.~~ 1 _~.~ 1 ?! I __-: I 2!~.~1 ~.~I ~.~ 
8 ・153.10.54.21.513.90.7126.0|0.080.∞ 0・∞ I~ ・ 12 I 0.18 1 21.3 1 58 1 36.8 I 41.61 6・21 9.8 

国a 10.154.61.01l 4.21.121.10.0516.50.000.ω0.01 i 0.05 I 0.02 1 13.7 1 48 1 12.7 1 8.31 6.21 15.6 
国 A F3由。土6E 4 11.153.61.0|4.51.018.60.56.46.30.010.ωO.ω0.021 O.∞ 5.3 1 40 1 19.0 1 7.816.31 13.3 

12.1?1 3.01 1.0: !.~I !.Q 1 1~.~1 Q.QI ~.91 ?~I ~.~I ~.~I ~.~! 1 ~.~2 1 ~.~! ?~ 1 ~! 1 ~~.~ 1 _~.!I ~.~I !!.~ 
営r、 1957.1.152.60.9|5.50.915.80.09.15.00.010.000.∞ 0.04 1 0.01 1 8.8 t 40 1 11.6 1 11.31 6.21 10.1 
EZ2.152.80.816.21.114.70.09.75.30.100.000.020.050.052.45117.223.16.210.4 

m F土6ロ。4 3.152.90.716.6131410.011.3510.120.000.∞ 0.08 1 0.11 1 3.0 1 55 1 30.3 1 32.21 6.11 10.1 
~ 1 ~ 1 4.151 2.71 0.6: 7.011.5 1 15.3: 0.21 12.6! 6.410.1010.0010.01 10.04 1 0.10 1 2.8 1 58 1 52.6 1 39.416.01 9.3 

.3 1 rn I ~.~~I~.:!I ~.~i ~.~I ~.! I ~~.!I ~.~I ~~.:!I.~.~I ~'~~I ~.~~I ~.~~ I ~.~~ I ~.~~ I ~.~ I ~~ I .~~.~ I ~~I'~I ~'~I ~.~ 
6.151 2.51 0.41 6.312.5 1 12.51 0.51 11.7111.810.3310.0010.0310.05 1 0.05 1 2.8 1 61 1 107.51128.816.01 7.7 

! …esooJ5814|路 51 0395630120国間 O匹 0.10 1 7.2 リ35.6 盟 416.11 10.4 

1956. 7.15111.11 1.41 9.913.0 1 39.11 1.21 15.9110.610.0910.0010.3210.03 1 0.20 1 12.8 1 87 ー 104.016.31 33.8 
8.151 9.61 1.11 1.511.5 1 36.31 1.21 0.0110.310.0510.0010.∞ 0.071 0.05 1 47.4 1 58 1 71.9 1 41.016.31 28.6 
10.15115.21 2.11 3.511.7 1 59.91 0.01 2.1111.410.0110.0010.0210.051 0.01 1 - 1 75 1 55.21 19.816.61 46.7 

t h a z-， 11.1519.72.912.81.767.15.821.012.90.010.000.∞ 0.04 1 O.∞ 6.9 1 113 1 44.2 1 23.616.61 61.0 
.. 1 ;; 1 12.15133.41 4.3117.412.0 1114.51 13.61 27.0112.610.0010.0010.0610.021 0.01 1 4.9 1 164 1 46.71 10.91 6.9i 101.4 
~ 1 ~ 11957. 1.15145.01 6.6136.813.3 1145.6116.31 47.5114.010.0010.0010.25 10.021 0.24 1 14.9 1 240 1 85.91 40.416.91139.6 
日 2.15148.71 8.1138.314.5 1164.71 18.81 46.3110.310.∞O.∞O.∞ 0.04 1 0.08 1 2.2 1 253 1 65.8 1 3.417.11 155.0 
-同型 3.181731112.214.16138.21.69.50.080.010.040.041.06 6.o 807ω.0 1 862.41 6.41 51.5 

6 1 ~ !.~~I ~~.~I ?~I.~.~I ~.! 1 ~~.~I ~.~I .~.~11~.~1 ~.~~I ~.~~I ~.~~ 1 ~.~~ 1 ~.~ ~.~ 1 1伺 159.71 52・216.31 48.7 
5.15112.31 1.6112.714.6 1 43.81 0.0， 14.41 9.510.0410.0110.4910.041 0.09 1 4.3 1 82 1 265.21285.116.31 37.1 
6.15111.41 1.21 2.0， 2.7 1 45.51 1.6: 0.01 9.310.0510.0010.26 1 0.05 1 0.43 1 3.9 74 1 170.01147.116.31 33.5 

AveraR'e 坦 01 2:911 ~. ~ 1 3:å I 76.71 610 11 16.81 11.310町田 0.171 0防 O田 10.6 削 171.5 附 叫 67【

1956. ~.!~I_~.~I ~.71 !!.~I ~.~ 1 ~~.~I !.~I !~.~I _~.~I ~.~I ~'~l ~.~! 1 ~.~~ 1 ~.~~ 1 !~.~ _~~ I ___-: 1 ~!~.~I ~.~I ~!.~ 
8.15112.51 1.4120.513.01 42.71 1.71 32.3112.110.2710.∞0.14 1 0.06 1 0.31 1 23.5 1 135 1 150.41272.216.41 36.9 
10.15111.11 1.71 9.211.8 1 46.61 0.01 11.9110.510.0310.0110.01 1 0.0生 0.01 1 - 1 79 1 60.71 33.116.51 35.0 
11.15116.61 2.8125.111.91 57.71 2.91 4()'0112.21 0.00; 0.00， 0.0710.061 0.01 1 5.7 1 134 1 3~.1 1 17.816.61 52.8 

2 g12.152534.156.32.777.65.895.811.90.000.0.120.010.∞ 6.4 1 2生6 1 18.91 32.316.91 79.7 
O.∞ 7.6 1 335 1 16.5 1 6.817.21102.8 

ロヨ 2.15140.71 8.41137.815.0 i 111.71 12.11 235.11 5.110.0110.0110.0010.041 0.01 1 2.8 1 521 1 11.31 4.017.21136.3 
ョ雪 3.15140.7110.01192.916.21115.1114.31312.51 8.110.0010.00: 0.02 1 0.05 1 0.04 1 3.0 1 651 1 19.81 3.616.91142.5 
己凶 4.15117.21 2.4114.013.8 1 62.71 0.51 24.1112.71 0.01! 0.00: O.∞0.02 1 0.06 1 2.5 1 114 1 74.2 1 36.61 6.61 52.8 

5.15117.91 4.3170.015.8 1 78.81 4.71 121.11 14.210.0010.00; 0.00 1 0.05 1 0.06 1 3.0 1 298 1 33.5 1 3.116.81 62.7 
6.151 12.2! 1.41 3.915.01 52.11 3.01 4.71 9.81 0.09i 0.00: 0.20 1 0.04 1 0.03 1 4.0 1 80 1 183.11198.016.51 36.5 

A verage 1 21. 14.0157.13.9 1 69.71 5.21 94.51 10.1O.凹 0.0010.田 O.似 O.田 7.5 1 2，:44.7 印 .5 凹.216.769.0
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1956. 7.20 6.0 1.0 6.1 4.4 30.2 3.41 7.3111.010.0810.0010.64 0・04! 0・28 比 5 71 - 1 304.9 6.1 
8.20 5.9 -0.5 3.5 2.4 25.5 0.81 3.01 8.710.2010.0010.ω 0.08 1 0.14 1 19.4 49 70.8 1 128.7 6.2 16. 
9.20 6.8 1.0 6.2 1.8 28.0 0.01 8.7111.010.1510.0010.00 0.21 1 0.21 1 11.5 69 24.7 1 44.3 6.2 21. 
10.20 9.4 2.2 11.5 2.4 45.5 0.02 1 0.02 1 10.8 81 100.0 1 157.3 6.2 32. 

・信e s.同b 4 

-凶・6eロU同d 2 

11.20 9.1 2.4 24.7 2.3 51.9 0.03 1 0.02 1 6.0 120 6.4 1 4.4 6.5 32. 
12.18 9.6 2.5 28.3 2.4 51.0 0.03 1 0.01 1 6.1 131 6.6 

333479... oi 1 
1957. 1. 21 10.4 2.7 32.6 3.5 56.6 0.01 49.8120.710.0110.0010.00 0.05 1 0.03 1 11.4 145 44.6 1 38.5 6.7 

ぷ且@。司4 

2.20 10.9 2.9 37.7 3.9 55.2 0.01 56.3120.210.0010.0010.00 0.03 1 0.15 1 2.8 159 24.8 1 9.7 6.5 
3.21 11.4 3.0 39.8 4.9 59.3 0.01 60.9119.110.0210.0010.28 0.1210.091 2.7 166 36.9 1 11.1 6.5 
4.20 12.5 3.2 41.8 6.1 64.1 O.O! 64.1122.110.0110.0010.03 0.08 1 0.05 1 2.2 179 26.6 1 10.0 6.7 44.4 
5.20 11.6 3.3 41.3 7.3 61.6 0.05 1 0.06 1 3.8 185 37.9 1 17.8 6.4 42.5 
6.21 4.1 0.5 10.1 8.5 21.6 0.01 18.81 8.31 0.161 0.021 0.44 0.07 1 0.22 1 5.1 77 488.6 1 790.7 5.9 

Average 9.0 2.1 お.64.2 45.9 0.31 35.51 15.11 0.051 O.∞0.13 0.01 I 0.11 i 8.2 119.3 91.6 1 128.1 6.4 31.1 

1956， 7.18 
1 _ I 

2.8 17.7 9.7 0.59 O.∞ 0.56 0.03 0.49 20.8 123 M0418.1 12.5 3.01 27.3 
8.20 7.41 0.61 15.8 2.4 29.7 0.7 23.1 13.9 0.57 0.00 0.00 O.ぴ7 0.10 18.8 99 69.8 172.9 6.2 20.9 
10.16 5.71 1.0! 17.5 1.2 23.6 0.0 25.0 11.0 0.12 0.01 0.02 0.11 0.22 8.1 101 15.2 34.2 6.3 18.2 

島app4 3 
11.15 27.61 0.51 13.5 0.9 37.4 0.8 47.2 12.3 0.19 0.00 0.07 0.12 0.28 14.1 154 63.3 113.1 6.6 71.1 

・同同
12.20 12.3 2.3 46.6 1.6 41.3 0.4 109.1 13.1 0.08 0.00 0.01 0.02 0.13 7.3 207 36.1 20.5 6.6 40.1 

自2 1957. 1.17 7.9 1.3 7.1 2.2 17.5 0.0 21.9 14.3 0.06 0.00 0.10 0.56 0.24 14.8 76 101.3 15.5 5.9 24.8 

E 
m ゐロ4 2.20 18.6 4.3 164.3 3.0 45.5 3.8 261.0 15.8 0.01 0.00 0.04 0.12 0.17 3.4 509 29.0 7.5 6.7 64.3 

出ロ 3.20 8.7 1.7 9.8 5.8 10.3 0.1 32.2 14.3 0.03 0.03 0.69 0.50 0.53 4.0 87 151.6 13.9 5.9 29.0 
4.20 5.3 0.4 7.6 3.7 3.1 1.9 24.4 10.8 0.97 0.00 0.25 0.25 0.38 3.4 84 428.7 540.8 5.0 14.7 
5.17 12.9 0.6 7.9 4.8 5.0 1.2 25.7 13.7 0.27 0.01 2.37 0.12 0.09 4.2 102 248.7 294.4 4.9 34.6 

5.4 0.3 7.814.4 6.7 2.5 25.5 11.9 0.83 0.01 0.71 0.21 0.23 5.3 91 163.6 557.8 5.2 14.8 

Average 10.6 1.2 28.113.0 21.6 1.3 56.61 12.8 0.34 0.01 0.44 -0.19 0.26 9.5 148.5 130.1 1回.85.9 31.4 

1956. 7.15 2.61 0.2 13.3 3.2 8.8 0.00 0.62 0.03 0.48 17.5 71 7.1 
8.15 4.41 0.3 8.412.3 18.9 2.3 11.3 9.110.23 0.00 0.00 0.04 0.03 12.0 68 95.3 177.3i 5.9 12.1 
9.15 4.41 0.3 4.51 1.6 18.0 0.0 5.2 7.310.33 0.01 O.∞ 0.00 0.00 9.1 55 64.6 80.11 6.1 12.3 
10.15 6.91 1.4 9.11 1.5 1 31.3 1 0.1 11.6 9.1 0.00 0.04 0.01 6.1 65 11.1 18.0: 6.3 23.3 

~ I・5e同司』6 e 1 1 • 1 9 
8.71 1.6 18.01 1.4 1 37.7 1 0.4 26.5 12.2 0.12 0.001 0.08 0.07 O.∞ 8.9 1ω 26.4 40.11 6.5 27.2 

12.17 11.31 2.4 28.71 1.6 1 44.4 1 0.5 45.7 11.1 0.01 0.001 0.00 0.03 0.00 8.0 131 55.4 16.81 6.5 37.9 
回 1957. 1.16 14.11 3.0 59.612.1 1 50.7 13.4 91.6 12.2 0.00 0.001 0.02 0.02 0.06 9.6 212 32.7 7.11 6.8 47.6 

昌E 吉ち 2.18 13.71 3.6 76.01 2.3 1 46.0 1 2.3 124.4 11.3 0.00 0.001 0.00 0.02 0.04 2.4 264 15.4 4.01 6.9 49.0 
3.16 12.81 3.5 86.813.0147.111.3 126.3 10.2 0.00 0.001 0.01 0.14 0.33 3.1 285 25.9 13.51 6.5 46.3 
4.16 19.51 4.7 66.814.5 1 74.3 1 6.5 105.3 10.9 0.01 0.001 0.10 0.07 0.15 2.8 264 19.3 29.01 6.8 68.1 
5.15 14.91 3.4 55.014.6 1 60.7 1 1.3 84.3 13.8 0.01 0.001 0.12 0.06 0.05 3.5 216 32.5 8.61 6.6 51.2 
6.15 17.91 3.6 98.4 14.3 0.01 0.001 0.23 0.17 0.28 3.7 251 134.3 48.41 6.5 59.7 

Average 40.01 2.8 1 42.4 1 2.0 61.6 10.8 0.11 0.001 0.10 0.06 0.12 1.2 165.2 46.6 80.61 6.4 36.8 
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1956. 7.15 23.9 3.5 105.1 0.0 0.0 O.∞ 0.24 0.03 0.16 8.4 108 32.1 6.6 75.2 
8.15 8.0 1.0 2.0 2.6 35.2 1.1 0.3 14.6! 0.04 0.01 0.01 0.05 0.65 3.7 53 519.1 587.4 6.1 24.0 
9.15 20.8 3.9 2.6 2.1 88.5 0.0 0.1 19.9 0.02 0.00 O.∞ 0.00 0.12 22.0 89 194.4 201.6 6.8 67.8 
10.15 23.7 3.7 3.2 2.1 103.4 0.5 0.0 17.5 0.00 0.00 0.02 0.02 0.01 8.3 103 89.1 39.3 6.8 74.4 

Z。、惨‘ 
司自

11.15 24.2 3.6 3.3 2.1 104.8 0.4 0.0 19.0 O.∞ 0.00 0.00 0.10 0.02 5.3 105 22.8 7.0 6.8 75.1 

E喧
12.15 25.2 4.1 4.7 2.5 108.4 1.1 1.6 22.8 0.01 0.00 0.03 0.07 0.04 9.4 118 38.7 12.7 6.6 79.9 

・o，d 田同岡
1957. 1.15 24.7 4.5 4.2 2.3 108.1 0.4 0.6 27.0 0.00 0.00 0.01 0.21 0.09 8.2 113 13.9 13.0 

666...8 9 9 
80.1 

・自出司回4 
2.15 25.5 4.3 4.6 2.4 0.6 28.4 0.0002 10.00 0.00 0.03 0.01 1.5 119 28.5 7.5 81.6 
3.15 27.4 4.3 5.2 3.3 120.11 0.7 1.9 28.1 0.02 0.00 0.52 0.03 0.08 2.6 129 32.4 19.8 86.4 
4.15 32.1 4.0 4.4 3.0 135.9! 0.8 0.0 28.8 0.00 0.00 O.∞ 0.07 0.07 1.1 141 1 17.5 9.9 7.1 96.5 
5.15 24.2 4.7 5.0 2.9 113.11 1.2 0.00 0.02 0.24 2.1 6.1 6.6 79.9 
6.15 17.9 3.9 3.5 3.4 93.4， 1.8 0.0 1 22.5 0.001 0.02 0.14 0.07 0.05 3.3 103 I 136.2 30.8 6.6 60.5 

Average 23.1 3.8 3.9 2.7 102.110.7 0.5 1 23.6 0.0110.00 O.邸 0.06 0.13 6.3 108.61 1回.1 83.6 6.7 73.5 

1956. 7.15 29.0 4.0 4.5 3.3 116.7 2.4 0.0 23.1 0.00 0.00 0.06 0.04 0.12 6.3 120 375.4 6.9 89.1 
8.15 17.4 2.2 2.2 3.5 70.4 4.1 0.0 14.8 0.03 0.00 O.ω 0.02 0.75 22.7 83 1616.8 2849.8 6.4 52.7 
9.15 32.9 4.5 4.2 2.2 130.9 3.7 0.8 20.3 0.03 0.00 O.∞ 0.00 0.16 18.4 137 262.7 314.3 7.0 100.9 

』 10.15 34.0 3.9 4.5 2.2 135.6 2.6 0.0 17.& 0.00 0.01 0.02 0.09 0.12 3.8 136 41. 7 8.5 7.0 101.1 
o z， 11.15 27.913.7 4.2 2.2 114.8 3.7 0.9 18.5 O.伺 0.00 O.∞ 0.06 0.07 2.2 118 8.9 3.3 7.0 84.9 
~ 12.15 28.713.7 4.7 2.3 116.2 0.0 0.4 20.6 O.∞ 0.00 0.00 0.01 0.08 2.8 124 13.0 5.1 7.0 87.0 

15 M E 06 

1957. 1.15 30.11 6.0 10.5 9.0 115.9 0.0 3.1 27.1 0.00 0.00 0.20 0.09 0.29 12.7 166 97.8 6.5 7.0 1∞.0 
2.15 26.214.5 6.1 3.1 109.0 1.2 1.3 24.1 0.00 0.00 0.00 0.02 0.05 2.4 119 18.4 5.0 7.0 83.9 
3.15 27.91 3.5 6.2 3.4 120.1 1.3 2.5 25.8 0.01 0.00 0.00 0.08 0.24 1.4 129 57.3 1.5 7.0 84.0 
4.15 27.5 3.9 5.7 4.6 119.2 0.0 0.6 26.3 0.00 0.00 0.00 0.05 0.04 2.1 126 26.5 12.1 6.9 84.6 
5.15 32.7 4.6 5.6 4.0 136.4 0.0 0.0 24.7 0.02 0.00 0.00 0.02 0.08 143 284.9 339.1 7.0 100.6 
6.15 25.8 4.0 4.2 3.6 113.1 1.6 0.0 21.4 0.00 0.01 0.02 0.07 0.01 1.9 108 89.6 9.4 6.8 80.8 

Average 加.3i4.0 I 5.2 3.6 i 119.0 1.7 0.8 22.0 0.01 O.∞ 0.02 O.由 0.17 7.0 125.8 228.9 327.5 6.9 87.5 

3.1 5.4 3.7 0.0 24.3 0.00 0.00 0.06 0.04 0.26 10.5 103 64.4 
8.15119.9 2.8 3.9 2.6 84.01 0.0 0.9 19.5 0.01 O.∞ 0.26 0.01 0.35 39.7 95 214.5 1 333.8! 6.5 61.3 
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10.151 20.7 3.0 4.7 2.3 93.710.2 0.0 15.9 0.00 0.00 0.03 0.05 0.10 11.8 93 354.2 1 283.31 6.6 64.2 ... 11.15123.3 3.5 4.4 2.3 100.11 0.7 0.0 17.4 0.00 0.02 O.∞ 0.01 0.00 7.7 1ω 80.4 1 40.817.0 72.6 
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JE・4吋6 

12.15 24.7 3.6 4.9 2.6 107.61 0.0 1.6 19.4 0.00 O.∞ 0.02 0.05 0.01 5.4 108 33.7 26.6 6.7 76.2 
ロヨ 1957. 1.15 22.2 3.3 5.0 2.8 110.91 0.0 0.6 24.2 0.01 O.ω 0.05 0.04 0.06 6.0 126 25.2 7.4 6.7 68.7 
国司 2.15 27.3 3.7 4.9 2.8 117.610.0 0.6 22.7 0.00 O.∞ 0.00 0.02 0.02 1.5 119 21.0 2.6 6.8 83.6 

自4
3.15 29.5 4.8 5.7 3.2 128.9 0.0 1.7 22.8 0.00 0.00 0.00 0.05 0.06 1.6 133 30.3 6.3 6.8 93.6 
4.15 29.2 4.2 6.3 4.2 126.2 0.5 1.9 22.1 0.00 0.00 0.01 0.09 0.04 1.9 130 45.8 18.3 6.8 90.2 
5.15 31.2 4.5 6.6 5.1 136.7 0.0 1.1 25.6 0.00 O.∞ 0.06 0.05 0.17 3.8 144 51.4 35.3 6.7 96.2 
6.15 18.7 2.7 4.1 4.2 81.2 1.6 0.0 21.4 0.00 0.00 O.∞ 0.05 0.03 3.5 96 412.8 37.0 6.5 57.7 

Average お.83.5 4.9 3.2 104.8 0.3 0.7 21.2 0.(1 O.凹 0.04 0.04 0.10 10.4 111.2 128.1 95.7 6.7 73.7 
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Cl 

1956. 7.15 23.9 2.9 94.8 1.9 0.0 22.0 0.01 0.00 0.15 0.04 0.13 4.3 98 36.0 6.8 71.5 
8.15 16.2 1.5 2.71 1.4 61.0 0.0 0.8 16.1 0.02 0.01 0.00 0.01 0.55 60.2 69 946.1 2113.3 6.5 46.5 
9.15 23.7 2.4 3.610.9 82.1 0.0 0.6 21.6 0.01 0.00 0.00 0.03 0.27 7.4 90 266.1 154.0 6.7 69.2 

10.15 24.9 3.3 5.6 0.9 106.5 0.0 0.9 18.8 0.00 0.00 0.02 0.02 0.01 1.9 107 39.4 7.3 6.8 75.7 

・凶』p@ 同b 

11.15 27.8 3.6 5.9 0.7 116.5 0.7 0.9 19.4 0.00 O.∞ 0.01 0.06 0.00 1.9 117 12.4 2.1 7.0 84.3 
12.15 27.9 4.1 6.1 0.7 118.1 0.0 1.6 18.9 0.01 0.00 0.01 0.03 0.00 5.5 121 4.8 2.3 7.0 86.7 

z 同ol 
1957. 1.15 30.7 4.2 6.9 0.9 125.3 0.0 1.7 21.4 0.00 0.00 0.01 0.10 0.05 9.0 128 4.9 3.0 7.2 93.9 

Z 同喧

2.15 30.1 4.2 7.1 0.9 124.5 1.2 2.0 20.0 0.00 0.00 0.01 0.08 0.02 2.2 129 3.2 3.0 7.2 92.5 
3.15 27.2 4.5 7.3 1.3 118.1 0.0 3.1 21.3 0.02 0.01 O.∞ 0.10 0.22 3.3 130 7.8 0.0 7.1 86.2 
4.15 26.2 3.9 7.5 1.3 119.8 0.0 3.1 22.5 0.00 O.∞ O.∞ 0.03 0.04 2.2 126 10.2 6.9 7.0 81.4 
5.15 21. 7 4.1 7.211.7 2.9 21.0 0.00 0.01 0.19 0.08 0.0生 2.7 108 9.4 10.7 6.9 71.1 
6.15 23.1 3.7 5.61 1.0 102.91 0.0 0.6 21.1 0.00 0.00 0.02 0.03 0.13 2.9 106 17.5 3.5 6.8 73.0 

Average 25.3 3.5 5.81 1.1 105.51 0.3 1.5 初.30.01 O.∞ O.回 0.05 0.12 8.6 110.8 1却.2 195.2 6.9 77.7 

1956. 7.15 13.2 2.5 3.0 1.9 59.3 0.0 0.7 115.5，0.01 O.∞ 0.05 0.03 0.28 16.4 68 906.6 6.5 43.4 
8.15 12.4 2.1 2.7 1.3 57.1 0.0 0.3 21.6 0.01 0.00 O.∞ 0.06 0.96 95.0 62 937.7 1118.6 6.4 39.5 
10.15 16.6 3.5 5.3 1.5 81.0 0.0 2.1 16.1 0.00 O.∞ 0.01 0.02 0.01 22.5 88 188.2 107.7 6.8 55.8 
11.15 24.6 4.5 7.9 1.2 110.9 0.8 7.6 17.1 0.01 0.03 O.∞ 0.01 0.00 12.4 116 82.0 16.0 7.1 79.8 

$・s，a 4 

自旦ヨ皇。固
12.15 28.3 5.7 9.2 1.2 123.1 0.0 8.4 18.5 O.∞ 0.00 0.01 0.02 0.01 4.6 130 28.8 9.6 6.9 94.3 

1957. 1.15 37.2 6.0 10.5 1.4 128.9 0.0 9.7 21.6 O.∞ 0.01 0.00 0.06 0.03 6.1 149 44.9 15.2 7.0 117.8 
凶 2.15 30.7 6.2 11.2 1.7 132.3 0.7 11.0 20.6 0.00 0.01 O.∞ 0.03 0.05 1.9 14生 45.4 9.8 7.1 102.1 

z a同s 3.15 30.1 5.7 12.2 2.2 134.5 0.0 13.8 21.3 0.00 0.01 0.00 0.06 0.06 1.7 152 66.9 18.7 6.9 98.7 
4.15 28.7 5.4 11.2 2.3 124.2 1.6 11.3 21.2 0.00 0.00 O.∞ 0.04 0.04 1.5 141 66.0 21.2 6.8 93.9 
5.15 17.3 2.8 7.0 3.6 74.3 0.0 7.7 12.2 0.01 0.00 0.03 0.03 1.18 15.8 91 1436.4 2521.3 6.6 54.6 
6.15 18.2 3.1 4.7 5.2 81.8 0.0 2.9 17.5 0.00 0.00 O.∞ 0.06 0.04 4.6 97 407.1 305.0 6.8 58.0 

Average 23.4 4.3 7.7 2.1 101.6 0.3 6.9 18.5 O.町 O.∞ 0.01 0.04 0.24 16.6 112.5 330.3 459.1 6.8 76.2 

0.17 14.7 118 321.6 6.7 83.4 
8.15124.613.9 1 4.711.9 1 103.71 2.2 1 0.0118.510.0010.0010.01 10.01 1.16 96.8 108 1294.3 1312.8 6.6 77.5 
9.15121.313.9 1 4.211.71 92.910.01 0.0 118.810.0410.0010.0310.00 0.60 34.5 94 796.2 807.4 6.6 69.3 
10.15134.51 5.8 1 7.511.7 1 150.013.0 1 0.0 118.61 0.001 0.001 0.01 10.04 0.01 24.8 144 212.6 127.2 6.9 109.9 

e事b・4 3 
同 11.15137.216.91 8.011.9 1161.91 3.4 1 0.4 119.51 0.011 0.001 0.04 1 0.02 0.00 9.5 162 88.6 109.4 7.0 121.5 

m E芸A 22 1215舗 .217.4 1 8.31 2.1 1 169.11 0.0 1 1.6 1 21.31 0.011 0曲 0.0110曲 0.01 5.9 165 81.0 13.9 7.0 125.8 

凶 1957. 1.15139.617.5 110.41 2.7 1 175.210.21 0.9124.210.0010.0010.∞ 0.03 0.02 5.8 168 52.5 23.5 7.0 129.9 

加日。
2.15138.718.1 110.913.01174.115.01 1.9 1 23.51 0.001 0.001 0.00 1 0.02 0.12 2.7 175 46.0 8.3 7.0 130.2 
3.15136.518.3 112.214.3 1 180.213.01 1.3 I 24.21 0.001 0.001 0.26 10.08 0.26 1.7 183 79.2 12.7 6.9 125.4 
4.151 :'11.01 6.9 110.8! 4.i 1 151.114.3 1 0.6 1 24.71 0.001 0.011 0.00 I 0.04 0.05 1.9 163 85.1 53.3 6.9 106.0 

1616錨 215.1 1 6.51 4.4… 71 0.0 羽 710… o曲 O曲 0.07 2.4 124 302.3 227.9 6.7 83.9 

6・15払 714・21 5・I~.~ I ~~~'~I :.: I ~.~ 1 =:'~ I ~.∞ 0 ・ 001 0.∞ 0.05 0.01 3.2 117 226.6 43.0 6.6 81.4 

Average 131.616.01 7.9i 2.81'40.813.21 0.6' 21.11 0.011 o.∞0.0310.回 0.21 17.0 143.4 296.8 255.0 6.8 1回.7
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1956. 8.15 4.5 0.7 5.3 3.2 35.5 1.2 47.6 63 - 13ω.616.1 14.2 

且ae炉ehe d 4 、
9.15 6.4 1.2 3.3 2.3 35.8 0.0 7.2 50 38.4 23.2 6.2 20.8 
10.15 11.6 2.2 3.8 2.5 58.5 0.0 0.0115.310.0110.0110.01 10.04 1 0.02 4.6 70 26.8 7.0 6.6 37.8 

E，-耳a デ固H 

11.15 12.4 2.6 5.3 2.6 66.5 0.0 1. 31 16.51 0.011 O.OO! 0.05 1 0.02 1 0.01 6.9 78 34.5 19.6 6.6 41.5 
12.15 11.5 2.7 7.5 3.5 61.3 0.0 5.9120.610.0110.0110.0410.09 1 0.04 14.1 91 33.5 34.0 6.6 39.7 

。.s.・。司6 
1957. 1.15 12.5 2~8 10.2 3.9 73.8 0.0 2.01 24.71 O.ooj 0.021 o.∞ 0.06 1 0.16 12.0 96 13.3 4.0 

2.15 15.7 3.7 15.5 4.0 86.0 0.0 6.61 21.51 0.011 0.00: 0.01 1 0.06 1 0.02 2.8 105 13.0 4.2 6.71 54.5 

z a日e 

，p a同s 
3.15 17.8 3.9 11.4 4.5 96.2 0.0 γ 2.7 114 254.4 12.8 6.71 60.3 
4.15 9.7 2.0 9.8 9.8 61.6 0.0 10.6116.910.02' 0.001 0.00 1 0.03 1 0.09 2.3 100 100.7 40.1 6.51 32.5 
5.15 12.5 3.1 12.2 6.9 70.2 0.0 14.2115.510.00 0.0110.4510.04 1 0.11 5.2 108 13.1 14.1 6.6! 43.9 

~当S 

6.15 22.7 4.2 11.7 5.1 108.7 0.0 13.18.60.00回01!i 10.0.010.050.16 2.9 137 13.3 2.6 6.7 73.9 
7.15 22.4 3.7 9.8 4.2 105.6 0.0 9.2120.01 0.01! 0.011 0.01 1 0.12 1 0.02 12生 9.7 21.1 7.1 71.3 

Average 1 13.3 2.7 i 8.81 4.4 71.6 0.1 6.1118.210.03; 0.011 0.06 1 0.06 1 0.10 9.8 94.7 50.0 相.36.6 44.4 

1956. 7.15 4.2 3.0 61.0 0.8 0.7 22.9 0.05 0.39 12.0 88 460.7 6.5 41. 7 

』且gha&e s 4 e 

8.15 13.61 1.7 3.0 2.1 58.8 0.7 0.3 18.1 0.021 0.001 0.01 0.02 0.56 64.8 73 653.7 736.0 6.4 40.9 
9.15 13.71 2.2 3.4 2.2 63.2 0.0 0.6 19.9 0.10: O.∞O.ω 0.03 0.03 18.1 80 329.9 290.8 6.5 43.3 
10.15 14.31 2.6 4.2 2.1 68.8 0.5 0.0 15.0 O.∞O.∞0.01 0.05 0.02 5.2 77 51.3 4.6 6.5 46.4 

司炉通
11.15 16.71 3.0 4.5 1.5 79.3 0.5 0.3 15.1 0.031 0.01' 0.01 0.02 0.00 6.2 86 28.4 17.8 6.9 54.2 

o .0 6 z 
4 』国Z 

12.15 24.81 4.3 7.2 2.3 109.8 1.7 5.5 17.8 0.01 0.00 0.01 0.11 0.06 6.8 119 8.2 5.4 6.8 79.4 
1957. 1.15 29.21 4.8 11.3 3.2 125.1 1.9 10.3 21.8 0.01 0.00'∞: 0.∞ 0.04 0.15 6.2 143 48.2 35.4 6.8 92.8 

=喧昆= 
2.15 33.11 4.7 13.1 3.4 141.4 2.6 15.6 17.1 O.∞ 0・ 1~.~ 0.06 0.01 2.2 165 65.8 14.4 6.9 102.0 
3.15 27.114.8 10.1 3.8 119.5 0.7 10.6 17.5 0.00 ~.~; ~.∞ 0.05 0.06 2.1 140 82.6 33.7 6.7 87.5 
4.15 31.3 6.6 16.8 4.2 134.5 0.8 22.5 18.7 0.00 O.∞O.∞ 0.05 0.04 1.7 167 60.0 15.6 6.9 105.5 

.， 5.15 33.5 6.6 16.6 6.1 149.2 2.5 18.51 18.6 O.∞ 0.-m|i 0.03 
0.05 0.59 0.8 181 104.6 43.3 6.8 111.0 

=司= 6.15 19.3 3.3 86.0 1.1 5.5 16.5 O.∞ 0.00: O.∞ 0.07 0.08 4.8 119 680.3 473.1 6.6 61.8 

Average 22.5 3.9 8.413.2 99.7 1.2 7.5 18.3 O.位 0.0010.臼 O.邸 0.17 10.9 119.8 192.1 177.6 6.7 72 . ~ 

1956. 7.18 15.6 3.3 6.0 3.7 0.05 0.20 13.5 95 52.3 0.0， 21.7 0.06 0.01 0.18 404.91 6.3 
8.18 16.1 3.3 4.7 3.8 77.113.6 0.0 21.1 0.01 0.05 O.ω 0.01 0.00 25.5 93 110.9 41.7 6.3 53.8 

』
9.18 24.1 4.7 6.2 2.1 112.61 4.0 0.0 20.9 0.01 0.00 0.00 O.∞ 0.02 5.9 116 60.0 13.4 6.6 79.5 

尚p@ ， 10.18 30.2 4.9 8.9 1.5 136.7，5.8 0.1118.610.00: O.∞0.04 1 0.02 0.33 2.8 143 153.8 227.7 6.7 95.4 

dA ー国g。回司e 

11.18 33.6 6.8 9.2 1.7 147.0 7.4 1.2121.210.0110.0510.00 10.01 0.11 4.3 155 78.0 40.9 7.1 111.9 
12.18 34.9 6.9 9.7 2.0 152.2 5.8 1.61 20.81 0.001 0.001 0.01 1 0.02 0.07 6.3 157 118.6 15.4 6.9 115.8 

E」eEd e 1957. 1.18 36.9 7.2 11.2 2.8 160.6 9.1 2.11 26.61 0.00: 0.001 0.02 1 0.03 0.32 8.0 173 176.9 48.5 6.9 122.0 

2.18 38.0 7.5 
118...7 0 2 

3.5 168.01 8.6 2.0126.310.00: 0.001 O.∞ 0.07 0.01 1.7 178 296.8 48.5 6.9 125.8 

Bge 4 
且-43 3.18 24.3 4.8 2.9 111.21 9.4 1.91 22.81 0.081 0.011 0.00 1 0.04 0.93 1.8 127 466.9 649.4 6.6 80.5 

4.18 37.3 7.8 14 5.7 159.7120.8 4.1128.810.00: 0.001 0.03 1 0.03 0.05 2.4 200 200.3 132.7 6.6 125.4 
5.18 19.5 8.1 17.5 5.6 162.214.0 6.3132.610.0110.∞0.23 1 0.02 0.24 178 215.2 636.9 6.7 82.2 
6.18 22.4 5.4 0.07 4.6 125 512.8 173.5 6.6 78.2 

Average 27.8 5.9 9.51 3.2 1 131.31 7.7 1.6123.71 O.02i 0.011 0.011 o.凶 O.却 1.0 145.C 217.3 202.8 6.7 93.6 
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1956. 7.15 12.1 1.0 3.0 3.6 50.710.6 0.0 17.010.0610.0010.34 0.04 0.33 19.7 74 - 1 256.5 6.2 34.5 
8.15 21.6 2.8 7.2 3.6 89.0 2.0 3.0 23.9 0.01 0.00 0.52 0.]1 0.25 5.4 121 57.7 5.0 6.4 65.6 
9.15 16.7 2.5 4.5 2.8 77.9 0.8 0.0 22.2 0.03 0.09 0.00 0.00 0.21 21.0 94 143.4 43.5 6.7 52.0 

‘司晶
10.15 24.3 3.9 5.9 2.7 110.1 0.0 0.0 16.6 0.00 0.00 0.00 0.05 0.01 17.2 117 48.7 7.6 6.6 76.8 

・戸aS岡ヨh B 

11.15 57.2 6.5 7.5 2.1 198.0 0.0 4.0 18.1 0.01 0.05 O.∞ 0.03 0.01 5.8 207 21.7 11.6 7.2 169.8 
- 同』 12.15 71.7 7.5 8.3 2.0 256.8 0.0 4.3 19.6 0.01 0.00 0.00 0.01 O.∞ 3.6 249 54.3 7.7 7.1 210.0 

，m 且ロaah s s 
1957. 1.15 58.8 6.6 8.8 2.2 183.8 0.0 4.4 23.8 0.00 O.∞ 0.12 0.04 0.05 5.5 230 65.7 17.4 7.2 174.2 

z且a d 2.15 73.8 6.6 8.0 2.1 244.9 0.0 5.9 20.5 0.00 0.01 0.00 0.02 0.01 1.7 259 77.1 1.0 7.2 211. 7 
3.15 57.2 7.2 8.3 2.7 181.3 0.0 8.1 18.1 0.01 0.01 0.00 0.03 0.02 1.2 217 89.3 1.5 7.1 172.6 

~ 4.15 35.9 3.8 6.0 4.0 134.2 0.0 3.6 20.6 0.00 0.00 O.∞ 0.05 0.04 2.2 148 46.7 26.3 6.7 105.2 
5.15 60.7 4.8 6.8 3.9 203.2 0.0 6.1 0.11 3.8 219 54.9 11.3 6.9 171.5 
6.15 71.3 5.4 5.6 3.3 245.4 0.0 7.3 8.710.00 0.001 0.00 1 0.06 0.01 1.8 253 65.7 3.7 6.9 200.5 

Average 46.8 4.9 6.7 2.9 164.6 0.3 3.9 19.010.01 0.011 0.G8 1 0.04 o.凹 7.4 182.3 65.9 32.8 6.9 137.0 

62.412.2 0.47 91 - 1 723.9 6.5 45.8 
.， 8.15113.8 2.21 3.81 2.0 58.5 3.8 1.0118.510.0110.0010.00 10.00 0.02 20.3 75 183.4 234.9 6.5 43.6 

，向h a Z 』

9.15! 14.1 2.71 4.91 2.2 58.5 4.2 1.81 17.81 0.011 0.011 O.∞ 0.04 0.01 9.8 78 83.3 32.1 6.5 46.3 
10.15: 13.4 2.71 4.71 1. 7 64.3 1.7 0.6114.510.0010.0010.0110.35 0.19 5.7 80 13.6 6.5 6.5 44.7 

3.01 5.0 1.4 75.7 0.4 0.2114.510.0110.0110.00 1 0.01 0.11 5.1 86 20.4 7.1 6.9 51.4 

E，A d o 耳

-同』 12.151 21.2 4.31 7.0 2.1 98.7 0.0 4.3! 15.01 0.001 O.OOi 0.00 1 0.23 0.24 6.4 104 22.8 0.6 6.8 70.4 

，z 且= 回。 1957.1.15|26.8 5.1! 11.1 3.1 114.5 0.2 10.7 19.5 0.00 0.00 0.00 0.03 0.30 7.3 135 116.7 17.1 6.8 88.0 
2.15! 30.2 6.31 12.6 3.2 124.2 3.6 15.6 18.3 0.00 0.00 0.07 0.04 0.04 2.5 160 200.3 7.6 6.8 101.6 

z ag a 
6.51 13.7 3.5 130.3 6.7 18.8 16.4 0.00 0.00 0.00 0.07 0.34 1.4 161 91.4 10.7 6.8 103.3 

4.15! 33.9 6.91 16.2 4.3 137.0 8.2 22.9 17.3 O.∞ 0.00 O.∞ 0.03 0.04 1.7 174 74.8 22.1 6.9 113.3 
5.151 31.0 7.81 23.4 5.8 132.8 9.2 31.8 16.6 0.01 0.01 O.∞ 0.08 0.05 2.1 188 117.3 12.9 6.8 109.9 

=a= s 6.15i 32.0 7.5117.1 5.4 138.1 6.4 22.4 12.3 0.01 0.00 O.ω 0.05 0.01 2.2 177 104.2 48.0 7.0 111.0 

Average i 23.2 4.81'0.4 3.1 99.6 3.9 11.1 16.5 0.01 o.∞ o.回 0.(.8 0.15 6.6 125.8 93.5 1 93.6 

1956. 7.15 18刷 3.5.10.81 5.0 I 85.1 5.0 11.4 0.16 0.02 0.24 10.0 122 281.3 6.5 60.8 
8.15 13.21 2.11 4.512.3 1 60.7 0.0 1.2 17.7 0.011 0.00 0.00 0.01 0.23 20.9 77 119.8 57.1 6.2 41.4 
9.15. 11.51 2.11 4.21 2.4 1 56.0 0.0 1.2 16.8 0.011 0.01 0.00 0.00 0.11 17.7 68 75.4 37.7 6.3 37.2 
批判此21 2.2~ 5.31 2.9 1 51.9 1.2 2.4 7.1 0.0010.00 0.00 0.04 0.01 17.6 66 41.7 5.7 6.2 34.5 

・信手a〉同; 

- 同 11.15: 16.71 3.31 6.112.3 1 81.5 0.8 2.4 14.5 0.03 0.03 0.01 0.02 0.01 7.7 92 64.6 39.2 6.7 55.4 
h 12.15 18.91 4.0' 8.613.1 1 92.1 1.9 0.04 0.01 13.7 109 70.2 61.4 6.6 63.9 

z品a ロ邑国回
3.8 15.6118.61.0.0110.0010.00 0.03 0.04 13.5 152 77.2 4.3 6.7 89.7 

m a島田a s 
2.15' 26.71 6.9118.814.91122.3 6.6 

010 凹

0.07 0.13 3.7. 168 209.8 16.9 6.7 95.1 
3.15' 28.21 6.0 15.41 5.6 1 131.4 5.0 17.81 19.21 0.011 0.011 O.∞ 0.04 0.05 2.2 170 117.0 10.7 6.9 95.3 

!'~~I ~~'~ I ~.~I ~~'~I ~.~ I ~~~.~ 1.7 ナ0.0110.011 0師 0.04 0.14 1.6 146 258.8 127.1 6.6 74.3 
5.15: 25.61 ~.O; 1? .21 8.2 1 118.7 3.2 21.81 25.71 O.OOi 0.0010.04 0.08 0.41 4.6 175 249.8 1 208.31 6.6 
6.15. 29.01 5.41 15.61 5.5 1 135.3 0.0 18.51 19.21 0.00: 0.001 0.32 0.07 0.06 2.7 166 130.2 1 24.01 6.7 93.7 

A刊叩|泊 914.21 11.214.31 97.6 2.4 11.1! 18.410.0110.0110.05 O.制 0.12 9.7 125.9 128.6 I 72.81 6.6 69.2 



]
戸
市
甲
山
山
田
】

闘
争
与

g
E
“
唱
宮
司
E
3
0同

H
H
-
3
g
Z
4
Zロ
自
白

同
∞
一
戸

1956. 7.15 21. 7 3.4 1.4 1.5 84.3 0.6 0.0 13.710.00 0.16 5.4 83 68.2 
8. 24.1 3.1 1.4 1.3 84.9 0.0 1.1 12.51 0.00 O.∞O.∞ 0.02 0.06 25.2 88 13.21 6.8 73.0 

・・s同h ， 3 

9. 24.9 4.2 1.1 0.9 1∞.7 0.0 0.0 13.51 0.01 0.011 0.00 1 0.03 0.01 14.5 95 62.7 11.517.0 79.2 
10. 1 29.2 4.9 1.6 1.6 122.01 0.0 0.1 11.710.00 0.01 5.6 114 101.3 28.0 7.0 93.2 

E司
11.151 37.4 7.8 1.9 2.0 160.61 0.0 1.2 12.410.00 0.121 0.01 1 0.03 0.00 3.2 143 7.9 2.2 7.3 125.5 
12.151 45.8 10.6 1.8 1.0 172.81 0.0 0.2 12.91 0.00 0.00' 0.02 1 0.13 0.08 4.5 160 4.0 2.0 7.3 157.8 

Z 。 1957. 1.151 37.2 10.6 2.4 1.2 189.71 0.0 1.3 13.6 0.00 0.00 0.01 0.03 0.03 4.9 152 31.4 4.2 7.2 136.2 
2.15' 44.7 10.9 1.7 0.9 171.610.0 0.6 17.6 0.00 0.00 0.00 0.06 0.02 2.1 166 21.6 1.7 7.3 156.4 

40Ed Z 2 巴ロロ33 12.7 1.9 1.4 156.71 0.0 1.3 10.9 O.∞ 0.01 0.02 0.08 0.16 1.9 153 43.6 0.0 7.3 148.5 

凶 4.151 49.2 12.7 4.9 1.7 147.2! 0.0 6.4 13.6 0.00 0.03 O.ω 0.04 0.01 1.9 181 14.1 11.0 7.2 175.1 
凶 5.151 38.4 12.4 2.6 2.1 1.5 15.1 0.00 0.00 0.00 0.05 0.07 1.4 183 43.7 2.7 7.3 146.7 

6.151 13.6 2.1 4.3 2.1 54.11 0.1 6.9 9.7 0.00 0.00 0.18 0.03 0.14 3.7 75 9.6 6.6 43.7 

A刊叩!ぉ 8 8.0 2.3 1.5 138.110.1 1.1 13.1 O.∞ 0.01 0.02 0.05 0.06 6.2 132.8 39.5 8.9 1.1 116.9 

1956. 7.15 24.6 3.8 96.5 0.5 0.0 13.1 0.00 0.00 0.15 0.07 0.13 5.7 113 11. 71 6.8 77.0 
8.15 30.0 4.6 2.2 1.6 117.3 0.0 1.3 14.0 0.01 0.00 0.17 O.∞ O.ω 16.9 110 89.4 4.31 6.8 94.1 

・e炉h 同

9.15 31.4 4.7 1.8 1.4 122.8 0.0 0.6 14.0 0.01 0.01 0.14 0.16 0.13 3.5 115 73.6 97.9 
10.15 35.9 7.7 3.0 1.5 148.6 0.4 0.6 14.1 0.01 0.00 0.01 ! 0.05 0.02 8.8 136 50.3 17.716.8 121.4 

E同
仏掴。回 11.15 40.4 6.3 2.9 1.4 169.1 1.6 1.2 14.6 0.01 0.00 0.08 0.01 0.00 5.5 154 32.3 9.71 7.3 126.6 

掴 12.15 41.0 10.0 3.0 2.2 180.5 0.0 1.6 13.8 0.01 0.00 0.01 0.02 0.01 5.6 159 10.5 143.2 
【。ロ

m 切回ol 

1957. 1.15 45.0 12.1 4.6 1.8 196.0 0.0 3.9 15.1 0.01 0.00 O.∞ 0.08 0.02 5.8 179 55.5 14.41 7.1 161.9 
2.15 48.3 13.3 3.0 1.7 206.9 0.0 2.7 13.7 0.00 0.03 0.01 1.8 190 46.7 3.11 7.2 175.3 

凶
3.15 46.0 12.1 2.8 1.9 223.2 0.0 3.1 12.7 0.031 0.00 0.00 0.06 0.03 1.9 184 29.2 8.3: 7.1 164.4 

246 耳2 4.15 44.3 11.8 3.6 2.9 189.1 0.0 3.6 15.7 0.71 0.02 0.20 2.1 172 43.7 48.117.0 159.1 
5.15 44.0 13.9 5.3 2.2 215.7 0.0 5.6 16.1 0.011 0.00 0.00 0.05 0.06 2.7 197 51.0 26.9: 7.1 166.8 
6.15 21.8 3.0 1.9 2.1 79.9 0.5 0.7 12.3 0.0110.∞ 0.00 0.08 0.02 2.9 92 143.6 11. 3! 6.5 66.8 

Average 31.1 8.6 3.0 1.9 162.1 0.2 2.1 14.1 0.0110.∞ 0.11 O.由 0.05 5.3 150.1 56.9 11.4! 1.0 129.5 

1956. 7.15 9.0 2.7 4.1 2.7 3.3 23.2 0.03 0.00 0.14 0.03 0.12 10.0 71 !2'~1 ~.~ 33.4 
8.15 4.7 1.7 3.3 2.1 28.0[ 0.2 3.3 18.1 0.03 0.00 0.00 0.01 0.00 12.2 53 35.6 18.7 

a』炉a 
9.15 5.8 2.2 3.3 2.2 33T8 .2 0.4 2.4 22.4 0.01 0.00 O.∞ 0.08 0.01 5.0 60 33.4 1.91 6.3 23.6 
10.15 6.6 2.3 3.6 1.6 .5 0.0 2.4 14.4 0.03 O.∞ 0.00 0.02 0.00 6.5 52 24.0 19.71 6.5 25.8 

尚 11.15 8.4 2.5 3.71 1.4 45.5 1.0 3.3 15.9 0.14 0.00 0.01 0.01 0.00 4.6 55 28.1 31.1 

t 昌E a 田

12.15 10.9 3.8 3.71 2.0 59.1 0.0 3.1 20.3 0.01 0.00 0.01 0.02 0.01 6.0 77 8.0 0.81 6.6 42.8 
1957. 1.15 12.6 4.8 6.21 2.5 6.3 23.1 0.00 0.00 0.01 0.19 0.07 8.1 91 11.6 1.616.7 51.3 

2.15 14.2 5.7 4.51 2.8 79.91 0.0 3.7 22.2 0.01 0.00 0.00 0.06 0.01 2.2 106 16.5 7.1 6.9 59.0 
3.15 14.2 6.6 4.91 3.5 84.9[ 0.0 5.3 25.4 0.02 0.00 0.03 0.07 0.03 2.2 99 10.2 4.1 6.8 62.6 
4.15 10.4 5.1 4.5 4.0 65.2 0.0 4.7 24.3 0.01 0.00 0.00 0.03 0.01 2.5 85 16.4 5.3 6.7 47.1 
5.15 6.1 3.3 3.8 3.7 42.7 0.1 2.7 22.81 0.00 0.07 4.1 66 20.7 2.6 6.4 29.0 
6.15 8.4 3.3 3.6 3.2 51.3 0.4 3.3 23.41 0.01 0.001 0.00 1 0.05 0.02 3.1 78 4.4 1.9 6.7 34.5 

Average 9.3 3.1 4.1 2.1 53.91 0.2 3.1 21.310.凶 O.凹 0.021 0.05 O.凶 5.5 14.4 19.0 8.0 6.6 38.2 
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2.4 3.7 1.7 41.0 0.5 3.9 13.5 0.00 0.00 0.08 0.03 0.13 11.1 57 4.1 6.4 32.9 
8.151 6.0 1.7 2.0 1.3 26.9 0.0 2.3 12.3 0.01 0.02 0.00 0.10 0.16 12.2 

、.
35 166.2 32.4 6.2 22.2 

10.15 7.9 1.7 1.9 1.0 35.8 1.0 1.6 9.8 0.02 0.00 0.00 0.02 0.01 7.3 44 35.5 8.8 6.4 26.8 
11.15 9.3 2.0 6.5 1.9 34.1 1.0 7.5 9.8 0.00 0.02 1.53 0.01 0.01 9.7 73 27.3 5.0 6.2 31.4 

-ESω pH d 司， 

場耳目g同回Sa 司。e 3 4 

12.15 14.5 3.9 5.0 1.5 60.2 0.0 6.9 11.9 0.01 0.00 0.18 0.05 0.06 15.6 84 23.1 16.9 6.4 52.4 
1957. 1.15 12.6 4.5 7.7 1.3 58.0 0.0 11.6 0.00 0.01 0.05 0.02 5.2 84 37.5 3.3 6.5 49.8 

2.15 117.8 

-EH Ea-L S 

3.15 160.3 -IISea 
m ロ 4.16 67.2 一-I)water

5.15 63.2 -llmixed 
6.15 一一 40.6 

Average 9.9 2.7 4.5 1.5 :.5.6 11.7 0.01 0.01 0.3J 0.04 0.07 62.8) 57.9 11.8 6.4 35.9 

1956. 7.15 -fiSea 
8.15 2907.4一一一 一一 -I)wat直r

10.15 22.7 一一一一一 -lImixed 

E 

11.15 8.1 0.8 2.4 0.8 32.710.0 1.21 8.91 0.061 O.OO! 0.01 1 0.07 0.11 7.3 50 22.6 20.7 6.4 23.6 
12.15 9.4 0.7 2.7 0.6 36.9 0.0 2.5 7.3 0.00 0.00 0.01 0.08 0.23 8.6 50 16.0 5.4 6.3 26.3 

1957. 1.15 9.4 0.7 2.8 0.8 2.5 8.4 0.01 o.∞ 0.00 0.05 0.22 9.6 48 21.7 7.3 6.3 26.3 
2.15 4953.8 

ρ 」-aa3 s 
3.15 15.2 0.5 4.4 0.8 57.4! 0.2 3.8 16.0 0.00 0.00 0.00 0.14 0.34 2.0 74 12.1 2.5 6.7 39.1 
4.16 11.9 0.7 4.0 1.0 42.4 0.1 3.4 15.7 0.01 0.00 0.35 0.05 0.01 61 12.2 11.2 6.5 32.4 
5.15 15.7 1.0 4.2 1.7 0.00 0.05 0.01 4.3 78 7.4 3.7 6.7 43.3 
6.15 13.7 1.0 3.9 宮.2 54.61 0.0 1 3.5! 16.01 0.001 0.00 0.01 0.15 0.04 3.5 76 5.3 1.0 6.6 38.2 

Average 11.9 0.8 3.5 1.1 45.61 0.0μい9。。:|o∞O.回 0.(.8 0.14 5.9 62.4 13.9 7.4 6.5 32.7 

1956. 7.15 2.41 0.8 2.7 0.8 0.7 20.6 0.03 0.00 0.09 0.09 0.16 5.9 41 3.4 6.2 9.5 
8.15 2.11 0.8 2.6 1.3 i 16.6 0.2 0.8 18.6 0.01 0.00 0.07 0.00 0.00 10.1 38 19.2 8.3 6.2 8.8 

10.15 2.1 0.8 2.2 1.1 16.9 0.2 1.0 13.4 0.03 0.00 0.00 0.04 0.00 13.9 33 32.1 28.9 6.1 8.5 ... 
11.15 1.9 0.8 2.2 1.0 15.3 0.0 1.0 13.4 0.03 0.00 0.02 0.03 0.00 9.2 35 34.5 7.2 6.1 7.9 

pω pd ， 
喝a偉;; 12.15 1.9 0.8 2.4 1.1 15.0 0.0 2.2 15.8 0.02 0.00 0.01 0.03 0.06 5.7 35 19.0 6.0 6.2 8.1 

1957. 1.15 2.3 1.1 14.1 0.0 1.2 15.8 0.01 0.00 0.01 0.03 0.02 7.1 34 29.9 4.2 6.2 6.6 
-H S司

z ，も耳aSe4s g s 4 
2.15 2.11 0.8 2.6 1.2 17.2 1.6 17.1 0.00 0.00 0.00 0.01 0.02 2.1 39 13.8 3.6 6.3! 10.4 

向ロ 3.15 1.81 0.7 2.4 1.6 14.1 0.2 1.3 14.7 0.02 0.01 0.03 0.06 0.35 3.6 35 82.6 19.4 6.0 7.4 

E-H aB s 
4.15 2.01 0.7 2.5 1.4 16.6 0.0 1.3 16.4 0.05 0.00 0.00 0.07 0.04 2.8 36 8.9 5.3 6.2 8.0 
5.15 1.1 0.5 1.9 1.5 11.6 0.1 0.1 12.7 0.01 0.00 0.03 0.05 0.09 4.7 26 61.2 25.8 5.8 4.7 
6.15 2.1 0.9 2.4 1.2 18.0 0.4 0.7 16.6 0.02 0.01 0.00 0.04 0.04 2.1 36 12.2 3.7 6.2 9.1 

Average 1.91 0.7i 2.4 1.3 15.8 0.2 1.11 15.91 0.021 0.001 0.02 1 0.04 0.07 6.1 35.3 31.3 10.5 6.1 8.1 

Ca1culated without the 8amp1岨 8eawater mixed . • 刻惨事



183 

1n consideration of the necessity to 

compare the nature of waters in Thailand 

and Japan， the methods of analysis 1 used 

in the chemical investigation of Japanese 

river water in the past have been adopted. 

The outline of the methods is as follows : 

(a) Calcium. 

The sample is kept still and taking the 

supernatant巴learportion， it is evaporated 
to dryness and the residue is treated with 

hydrochloric a巴idto separate sili巴aaway. 

Calcium is precipitated as an oxalate as 

usual. After filtering and washing， the 
pre巴ipitateis dissolved in sulfuri巴 a巴idand 

isolated oxali巴 acidis titrated with potas-

sium permanganate solution. 

(b) Magnesium. 
1n ac巴ordancewith the standard meth-

ods of the American Publi巴 HealthAs-

sociation (1946)， the sample is added with 
ea巴hof the following reagents: sulfuric 

a巴id， starch，巴alciumsulfate， titan yellow 

and sodium hydroxide solutions. Pink color 

developed is measured colorimetrically. 

(c) Sodium and Potassium. 

Flame analysis equipment atta巴hed

with spe巴trophotometerand self-re巴order

is used. 

(d) Alkalinitν(HCOa). 

1 t is calcula ted from the val ue of 

titration with acid up to pH 4.3 whi巴h

is the mid-color巴omparingwith the two 

colors produ巴edby the buffer solutions of 

pH 4.2 and 4.4 using bromcresol-green as 

indicator. 

(e) S叫 fate.

It is the shortcoming of the barium 
sulfate weight method that great quantity 

of sampling water is required in order to 

get precise results. 

Therefore 1 improved on benzidine 

method (Fiske 1921， 1 wata 1936) as follows: 

Kobsysshi : The Wster of Rivers in Thsilsnd 

METHODS OF ANAL YSIS 111. 
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20-50 cc of the sampling water is evaporated to dryness in a mi巴ro・

beaker (Shioiri， and Nagahara， 1933: Shioiri， and Yoneda， 1940: 1wasaki， 
1941). Th自 pre巴ipitateproduced by mixing 1 cc of pure water， O.2.cc benzidine 

reagent and 0.5 cc a巴etoneis left overnig h t. After fil tered by micro-analysis 
filter stick packed with filter-paper fibre instead of asbestos， and washed 
with acetone， the precipitate is taken out together with the filter paper 

fibre into the original micro-beaker by a pin point. 

With filter叫 ickinside， and after adding a.bout 20 cc of pure wa.ter， 
boiling is continued until it is concentrated up to about 1 cc. This is titrated 

by 1/1∞N alkali solution using phenol-red as indicator， and the SO~ con-
tent is calculated a.f旬rthe value of control test is dedu巴ted.

The .precipitate of benzidine sulfate sticking to the inside wall of the 

beaker is offen hard to be completely dissolved while being boiled. Therefore， 
it should be boiled until it is completely dissolved scrubbing carefully the in-

side wall of the beaker with the end of the filter-stick. 1 noticed cases where 

the results were unduly low on account of the existence of impurity in benzi-

dine sulfat~ precipitate. Therefore 1 adopted the value a.fter repeated titra-
tion of the reprecipitated sulfate from the first titrated solution. 

(f) Chloride. 

It is titrated with silver nitrate solution using micro-burette， with po・
tassium chromate solution as indicator. 1n case the sample water contains 

little chloride， i~ is noticed that there is a. tendency of the results beeoming 
excessive even after the deduction of the. value of control test. Therefore， 
when the titration is made， standard solutions such as 0.5， 1ム 2.0ppm etc. 

are prepa.red in addition to pure wa.ter. Both of them are titrated and com-

pared in order to make the end point more precise. 

(g) Silica. 
The yellow color produced by sulfuric acid and ammonium molybdate is 

measured by spectrophotometer. 

(h) Iron. 
After taking a.way the suspended sediment by keeping the sa.mple water 

still， iron is determined by thiocyanate colorimetric method. 1n case of the 

abundance of suspended sediment， they were taken away by using the cen-
trifuge. 

(i) Phosphate. 
Colorimetric method with ammonium molybdate and stannous chloride. 

(j) Nitrate nitrogen. 
Colorimetric by means of diphenylamine method. 

(k) Ammonia nitroge旬.

Following the A. O. A. C. (1940)， the sample water is distilled with small 
quantity of sodium carbonate solution. The distillate is巴olori-measuredby 

Nessler's reagent. However， in ca.se rubber or巴orkstopper is used in the 

distillation apparatus， ammonia analoguct'l are distilled which give the color 
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. with Nessler's reagent and make the analytical results excessive. 1n order 

to avoid this， ground gl踊 sis used in the connecting part of the distillation 

apparatus and also a small-sized flask is used in order句 savethe volume 

of sample water， 
(1) Albuminoid nitrogen. 

Alkaline permanganate solution is added to the contents of the distilling 

flask after removal of ammonia from the sample， distillation is continued， 
and distillate is Nesslerized. (A. O. A. C. 1940) 

(m) Dissolved solids. 

The clear portion of the sample water after either being kept still or 

suspended solids being taken a way by means of a centrifuge of 20，000 rota-
tions per minute， is evaporated and weighed. When platinum d.ish is used 

while weighing， moisture is absorbed by the evaporated re自idueresulting in 

excessive figures due to the high humidity in Japan. For thus reason， a 

special w自ighingbottle with cover is used. 
(n) pH. 

Colorimetric method. 

(0) Hardness. 
It is calculated from the content of ca1cium and magnesium. 

IV. ANALYTICAL RESULTS AND DISTRIBUTION 
OF CONSTITUENTS IN THAILAND 

Tab1e 2 shows the ana1ytica1 resu1ts of waters， which were obtained 
simu1taneously 12 tim偶 duringa year at 31 differ白ntplaces mentioned pre-

viously. According to the resu1ts， the genera1 conditions of the nature of 
water in Thailand are as follows as c1assified by constituents. 

(a) pH. 

so far as the reaction is concerned， predominant samples of the waters 
in Thailand show weak acidity. Waters from 22 p1aces among 31 p1aces 

show the reaction of or 1ess than pH 6.8 for the average of 12 times during 

a year. The lowest ones are pH 5.9 in th白 upperstream of the Mun River 

(at Surin)， 6.0 in the Bang Pakong River， 6.1 in the Chantaburi River， 
Lake NOD.g Han， and the Sai Buri River which is in the Ma1ay peninsula， the 
southern most part of Thai1and. The Phao River， the Mun River (at Ubo1・

rajatani)， the Tapi River and the Prachin River show 6.4. The Chi River 

(at Chaiyaphum) and Lake Talesaab show 6.5. Thus many waters show 

weak a巴idreaction. As for rivers showing neutral or a1kaline reaction there 

are on1y 2， i. e. pH 7.0 in the Mae Klong River and 7.1 in the Kwae Noi 
River. 

As will be stated 1ater， the waters of Thailand are more affected by the 
solution of limestone thaD. in JapaD. and yet sbow acid rea巴tionon the con-

"trary. The reason for this phenomenon can be explained by the influence of 

organic matωrs in view of the tendency of the abundance of potassinm per. 
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ca in part・per
million 

0・・・ 6.9 or le.. 
①… 7.0-13.9 
⑨ … 14.0-20.11 
⑩ … 21.0-27.9 
@・・・28.0-34.9
.・・・35.0or more 

Fig. 3. Change of calcium con-

tent and alkalinity in the Pa 

Sak River during one year. 

シl

Fig. 2. Distribution of calcium content. 

(Average value during one year.) 

manganate consumed. 

(b) Calcium. 
As for the content of Ca dissolved in the water， there are great differ-

en巴esbetween rivers. The Chantaburi River on the east coast and the Sai 

Buri River in the Malay peninsula show only an average value of 1.9 ppm 

during a year while the Pa Sak River (at Saraburi) which flows southward 

in the central part of Thailand shows as high as 46.8 ppm. Next to the Pa 

Sak River， 37.7 ppm in the Mae Klong River， 33.8 ppm in the Kwae Noi River 
which is the upper stream of the Mae Klong River， 32.1 ppm in the Mae 
Khong River (at Chiengsan) etc. are some of the examples of waters contain-

ing abundance of Ca. On the other hand， besides the above mentioned Chan-
taburi River and the Sai Buri River， 3.0 ppm in Lake Nong Han and 3.4ppm 
in the Bang Pakong River etc. are some of the waters short in Ca巴ontent.

The distribution of Ca content in Thailand is shown in Fig. 2. It has 

been found out that the two basins of the Mae Nam Chao Phraya and Mae 

Klong and the main stream of the Mae Khong River contain large quantity 

of Ca， showing big influence of limestone while there is a tendency that the 

waters of the Malay peninsula， the east coast of Thailand and the eastern 
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part of Korat P1ateau巴ontainsmall quantity of Ca. 

The change of Ca content during a year of the water in the Pa Sak 

River which has the highest va1ue is shown in Fig. 3. Ca巴ontentrea巴hed

the peak of 73.8 ppm on February 15， 1957 which was in the dry season. 

This is about 6 times in density compared with the 10west va1ue of 12.1 ppm 

shown on Ju1y 15，1956 in the rainy season. Moreover， the samp1es collected 
during the dry season from the Pa Sak River， after having been stored in 
my 1aboratory for one year showed that Ca and a1ka1inity decreased a1most 

by ha1f. It is c1ear that CaCOa was taken out as pr白巴ipitate.

On the other hand， the Sai Buri River which has 1ess influence of 1ime-
stone and 1east Ca content shows 2.4 ppm at the peak and 1.1 ppm at the 

10west， thus indicating far smaller scope of seasona1 change compared with 
the Pa Sak River. 

(c) Magnesium. 

The scope of Mg content ranges from 0.7 to 8.6 ppm. The differences 

between rivers are grcat as in the case of Ca. The highest is 8.6 ppm in the 

Mae Klong River followed by 8.0 ppm in the Kwae Noi River which is the 

upper stream of the same river. Other rivers such as the Yom River flow-

ing in the upper basin of the Mae Nam Chao Phraya， the main stream of 
the Mae Khong River， the Pa Sak River etc.巴ontaincomparati ve1y 1arge 

amount. 

On the other hand， there is a tendency that the rivers flowing in the 

Ma1ay peninsu1a， the east coast of Thai1and and the Korat P1ateau巴ontain

1e闘， the 1east.of these being 0.7 ppm in Lake Nong Han， the Chantaburi 
River and the Sai Buri River. 

The genera1 outlook of the distribution of Mg content in Thai1and is 

shown in Fig. 4. Generally speaking， rivers containing abundance of Ca tend 
to abound in Mg and rivers with 1ittle Ca have the tendency to contain 1ittle 

Mg. 

(d) Sodium. 

It is considered that a formation of ro巴k-sa1toc巴ursinside the sand s臼nes

of Kora t stra tum w hi巴hconstitutcs the Korat P1ateau in the eastern part of 

Thai1and (Thai Royal Department of Mines 1953). On a巴countof the influ-

ence of the exuding sa1t， rivers flowing through this area contain 1arge 
quantity of Na. 

The Chi River flowing eastward in the centra1 part of the Korat P1ateau 

shows an average of 57.1 ppm at Kon Khen during one year. The Mun River 

flowing eastward on the south side of the Chi River shows 40.0 ppm at Ubo1・
rajatani and 28.7 ppm at Surin. The Phao River巴ontains23.6 ppm. 

The Chi River (at Kon Khen) which shows the highest average va1ue 

recorded 192.9 ppm at the peak during the dry season as indicated in Fig. 5. 

However， it巴amedown to on1y 3.9 ppm at the 10west during the wet season 

thus indicating a great change in density. However， the巴ontentof Na at 
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Distribution of magnesium content. 
(Average value dllring one year.) 

Fig.4. 

Chaiyaphum in the upper stream region of the Chi River is remarkab1y small 

compared with that at Kon Khen， being 38.3 ppm at the peak， 1.5 ppm at 
the 10west and an average of 14.1 ppm during one year. Therefore， it has 
been found out that Na content in the river waters of the Korat Plateau not 

on1y changes according to the自eason，but a1so shows great differences depend-
ing on the p1aces. 

In the area outside of the Korat Plateau there were times when Na in-

creased in the Bang Pakong River， the Tapi River and Lake Ta1esaab due 
to the infiltration of sea water. A1自0，the city water of Bangkok showed com-
parative1y high figures due to its proximity to the sea coast， such as 31.2 
ppm at the peak， 10.1 ppm at the 10west and an average of 19.1 ppm during 
one year. 

Except the above mentioned rivers the average content in other rivers 

during one year is within the scope of 2.3-ー11.2ppm. From among these， 
the ，Kwae Noi， Chantaburi， Sai Buri， Mae K10ng and Ping (at Chie時 mai)

rivers showed to be very di1ute in Na content. 

The di自tributionof Na in Thailand is shown in Fig. 6. The rivers flow-
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Fig.6. Distribution of sodium content. 

(Average value during one year.) 
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Fig. 7. Distribution of potassium content. 

(Average value during one year.) 

ing in the Korat Plateau巴ontaingreat quantity of Na while it is small in 

the Malay peninsula， the upper stream regions of the Mae Nam Chao Phraya 
and the basin of the Mae Klong River. 
(e) Potassium. 

It is needless to say that K is an importBnt component of fertilizer. K is 

most contained in the river water among the three fertiJizing elements (N， 
P，K). 

Among the 31 places investigated， the highest average content of K 

during one year was 4.4 ppm in the middle stream region (Uthai Thani) of 

the Mae Nam Chao Phraya followed by 4.3 ppm in the Supan River， 4.2 ppm 
in the Phao River etc. Many waters including 2 places of the Chi River 

(Chaiyaphum and Kon Khen)， the Mun River (at Surin)， the Wang River (at 
Lampa時)， the Ping River (at Tak)， the Pa Sak River (at Petchabun)， 2 places 
of the lower stream of the Mae Nam Chao Phraya (Ayuthaya and Nonburi) 

etc. showed high values over 3.0 ppm. On the other hand， low K巴ontentwas 

1.1 ppm in the Nan River (at Nan) and Lake Talesaab and 1.3 ppm in the Sai 
Buri River. 

The distribution of K content in Thailand is shown in Fig. 7. The basin 
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of the Mae Nam Chao Phraya and the rivers in the Korat Plateau have high 

values while there is a tendency that the Malay peninsula， the east巴oastof 

Thailand and the main stream of the Mae Khong River show low values. 

However， the average content of K in 28 rivers and 2 lakes of Thailand 

is 2.5 ppm as shown in the lower end of Table 2巴orrespondingto about 2 

times of 1.3 ppm which is the averag巴 ofJapan. 

(f) Alkaliηitν(HCO~). 

Natural river water contains bi巴arbonatethrough dissolution of lime-

stone having the effect of neutralizing acidity of the soil. On the other hand， 
in industrial wa旬rit is a disadvantage in tbat it promotes hardness of water. 

The highest HCO~ value of an average during one year was 164.6 ppm 

in the Pa Sak River (at Saraburi). The upper stream of the same river (at Pe-

tchabun) seowed 131.3 ppm; the Mae Klong River showed 162.1 ppm; the 

Kwae Noi River showed 138.7 ppm; the Yom River showed 140.8 ppm and 

3 places in the main stream of the Mae Khong River， the Ping， Wang and 

Nan Rives in the basin of the Mae Nam Chao Phraya etc. showed high values 

over 100. 0 ppm. 

The change of alkalinity during one year of the Pa Sak River which has 

the highest value of HCOa is indicated in Fig.3 in which it can be noticed 

that 256.8 ppm is the peak while 50.7 ppm is the lowest. Especially it was 

remarkable that the samples which were collected in the dry season and were 

stored in my laboratory for about one year showed that Ca and HCOa de-

creased by half and CaCOJ was actually precipitated. This will never happen 

in the river waters of Japan which contain very little calcium bicarbonate. 

On the other hand， 15.5 ppm in Lake Nong Han， 15.8 ppm in the Sai 
Buri River in the Malay peninsula， 16.0 ppm in the Chantaburi River on the 
east coast， 17.7 ppm in the Bang Pakong River (at Chachoengsao) are some 
of the examples of waters with shol't content. 

The geographical distribution of alkalinity in Thailand shows， as indica-
ted in Fig. 8， that the rivers in the basins of the Mae Nam Chao Phraya and 

the Mae Klong River abound in alkalinity while the east coast of Thailand， 
the Malay peninsula and the Korat Plateau area contain less， thus correspond-
ing roughly with the distribution of Ca shown in Fig. 2. 

The average巴ontentof HCO~ of 30 pla巴esin Thailand is 82.6 ppm and as 

will be stated later， alkalinity is very high巴omparedwith 32.3 ppm for the 

Japanese average. 

(g) Sulfate. 
The city water of Bangkok shows a value of 36.3 ppm in the average 

during one year which is extremely high compared with other waters. 1n 

addition to this， the highest value during the year was 75.0 ppm on August 
15， 1957 which happened to be in the rainy season while the lowest was 18.5 
ppm on January 15， 1958 which was during the dry seaSOll. Thus the rainy 

season meass high content while the dry season means low content. This phe-
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Fig.9. Di.tribution of sulfate content. 
(Average value during one year.) 

nomenon is in dire巴topposition to those of other constituents. This irregu-

larity may probably be attributed to the artificial treatment to clarify the 

water by addition of sulfate. 

With the exception of the city water of Bangkok， 804巴ontained in the 

Mae Khong River at Chiengsan， the northern most town in Thailand， is the 
highest. The average during a year was 17.1 ppm， the .peak being 30.1 ppm 
on May 15， 1957 and the lowest being 8.3 ppm on 8eptember 15，1956. Thus 

the seasonal巴hangeextends to a scope amounting to almost 4 times. 

However， the content of 804 in the water of the Mae Khong River de-

creases to 14.7 ppm if we go down stream to Nongkai near the opposite side 

of Vientiane， the capital of Laos. If we go still down stream to Mukdaharn 
on the opposite side of 8avannakhet in the territory of Laos it still decreases 

to 12.2 ppm. Thus there is a tendency of the density be巴ominggradually 

lower as the water continues to flow downstream. This fact makes us pre-

sume that the 804巴ontentin the tributaries joining with the main stream in 

between is lower than that of the main stream of the Mae Khong. 

Ex巴eptthe above-mentioned main stream of the Mae Khong River a11 

waters at other 27 places contain less than 10.0 ppm. Among them， waters 
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of Lake Nong Han， the second largest lake in Thailand， the basins of the Mae 
Nam Chao Phraya and the River Mae Klong， and of the Malay peninsula， 
the eastern part of the Korat Plateau etc. in other words the Rivers Phao， 
Chantaburi， Ping， Nan， Mae Nam Chao Phraya， Pa 8ak， Kwae Noi， Mae 
Klong， Chumphon， Tapi， 8ai Buri， and Lake Talesaab-show less than 1.0 

ppm. The distribution of 804 in Thailand is shown in Fig. 9. 

(h) Chloride. 

The rivers in the Korat Plateau in the eastern part of Thailand contain 

abundance of Cl as in the case of Na. The highest average value of Cl during 

a year was 94.5 ppm in the Chi River at Kon Khen located roughly in the 

center of the Plateau followed by 61.6 and 56.6 ppm respectively at Ubolra・

jatani and 8urin in the Mun River. In addition， 35.5 ppm in the Phao River 
was rather high. 

The change of Cl content during one year in the Chi River which has 

the highest value is shown in Fig. 5. The peak was 312.5 ppm on March 15， 
1957 while the lowest was 4.7 ppm on June 15， 1957 thus showing seasonal 
change of wide range. The Mun River at 8urin also showed a remarkable 

change such as the peak of 261.0 ppm on February 20， 1957 and the lowest 
of 23.1 ppm on August 20， 1956. 

In the areas other than the Kora t 

Plateau it is noticed that the water 

of the Bang Pakong River (at Cha-

choengsao) is influenced by the infil・

tration of sea water only in the dry 

season when the water level is low 

while there are times when Lake 

Talesaab in the Malay peninsula is 

infiltrated by sea water. Cl content 

of these two waters reached about 

5 g/l at the peak indicating that 

about 1/4 of the water is sea water. 

The Cl content in the city water 

of Bangkok showed 23.0 ppm at the 

peak， 4.9 ppm at the lowest and 15.0 
ppm in the average during the year. 

These figures are higher than 7.5 ppm 

in the average during the year in the 

lower stream of the Mae Nam Chao 

Phraya at Ayuthaya and 11.1 ppm at 

Nonburi in the same river. 

The distribution of the Cl content 

in 28 ri vers and 2 lakes is shown in 

Fig.10. It shows that there is a ten-

'/， 

ヶ~l

Cl in part・per
million 

0・..1.9凹 le闘

①… 2.0-3.9 
⑨・・・ 4.0-7.9 
⑩ … 8.0-11.9 
@・・ 12.0-23.9 

~・ 24.0 or more 

J 

Fig. 10. Distribution of chloride content. 

(Average value during one year.l 
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dency of scarcity in the upper and midd1e basins of the Mae Nam Chao 

Phraya， the basin of the Mae K10ng River， the Ma1ay peninsu1a， etc. 
Among them， C1 content of the three rivers of Ping， Yom and 、;Van!Swas 
on1y 0.5ーー0.8ppm. 

(i) Sil化α.

Si02 in the water is well abl>orbed 

by rice increasing Si02 content in straws 

and 1eaves. This bas the effe巴tof st-

rengthening the resisting power again-

st rice-b1ast (Kobayashi 1954: Nishi-

kado，Kobayashi， Inouye and Moritsugu 

1955). Thus Si02 is a va1uab1e e1ement 

III growlng rlce. 

However， Si02 content in Thailand 

is within the range of 6.3-23.7 ppm 

and the difference between rivers is 

not 80 marked as in other components. 

The geographical distribution is shown 

in Fig. 11 which indicates the tendency 

that the rivers in the basin of the Mae 

Nam Chao Phraya abound in silica 
and the rivers in the Korat Plateau， 
the east coast of Thailand and the Ma-

lay peninsula巴ontain1ess. 23.7 ppm 

of the Pa Sak River (at Petchabun)， 
23.6 ppm of the Ping River (at Chieng-

mai)， 22.0 ppm of the Wa時 River(at 

Lampa時)， 21.2 ppm of the Ping Ri ver 

(at Tak)， 21.1 ppm of the Yom River， 
20.3 ppm of tbe Nan River， 21.3 ppm 

SiU2 in part・per
million 

o・・・ 9.9 or les8 
①…10.0-12.9 
⑨…13.0-15.9 
⑩ …16.0-18.9 
@…19.0-21.9 ・…22.0or mor 

-， 
可，

Fig. 11. Distribution of silica content. 
(Average value during one year.) 

of the Chumphon River in the Malay peninsu1a et巴. are examples of more 

than 20.0 ppm while 6.3 ppm of Lake Nong Han，10.1 ppm of the Chi River 
(at Kon Khen)， 11.3 ppm of the Chi River (at Chaiyaphum)， 10.8 ppm of the 
Mun River (at Ubo1rajatani)， 10.5 ppm of the Bang Pakong River (at Cha-
choengsao) etc. are example自 of10w contents. 

(j) Ir側.

It is natural that Fe is contained in the clay or silt physically carried 

by the river water. Especially on ac巴ountof the Thai rivers flowing through 

red soil common in the tropica1 zone，巴asesof the river waters becoming turbid 

in red color due to the existence of ferri巴 oxideare frequently noticed. How-

ever， the content of Fe dissolved in solution in the transparent waters which 
are obtained after keeping the samp1es still or being centrifuged is unexpect-
edly small. 
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0.34 ppm in the Mun River (at Sl凶 n)，0.21 ppm in the Bang Pakong 

River， 0.12 ppm in Lake Nong Han， 0.11 ppm in the Mun River (at Ubol・

raja tani) et巴. are examples of high巴ontentwhile about the half of the rivers 

investigated showed only 0.00-0.01 ppm in the average巴onten t d uring one 

year. 

(k) Phosphate. 
PU4 is an important element both as fertilizer巴omponentfor agricultural 

produ巴tsand as nutritive element for plankton in the water. 

There is a tenden巴yof Thai rivers showing s巴ar巴ityin quantity of phos-

phate. 30 pla巴esfrom among 31 pla巴esinvestigated showed only 0.00-0.01 

ppm. It is considered that PU4巴ontentis s巴ar巴edue to the fa巴tthat the rivers 

flow through tropi巴alred soil巴ontainingabundan巴eof iron. Therefore 1 re-

sume that， from the agricultural point of view the ne巴essity of phospha te 

fertilizer must be emphasized espe巴iallyin Thailand. 

(1) Nitrate nitrogen. 

Iti日巴ontainedwithin the limit of 0.01-0.44 ppm. 0.44 ppm in the Mun 

River (at Surin) in the Korat Plateau is the highest followed by dense exam-

ples of 0.30 ppm in the Tapi River in the Malay peninsula， 0.20 ppm in the 
巴itywater of Bangkok et巴.， while the Mae Khong River (at Chiengsan)， the 
Nan River (at Nan and Pitsanuloke)， the Yom River (at Sukhothai)， the 

Mae Nam Chao Phraya (at Ayuthaya and Nonburi)， the Wa時 River(at 

Lampang)， the Kwae Noi River， the Chumphon River， the Sai Buri River 
etc. show 0.03 ppm or less. 

Though the Mun River which is the highest showed a remarkably high 

value of 2.37 ppm on May 17， 1957 at the peak， it fluctuated between 0.00-
0.71 ppm in other sarnpling times. Espe巴iallyit rea巴hed0.00 ppm on August 

20， 1956. Un the other hand， the Tapi River re巴orded1.53 ppm on November 

15， 1956 at its peak， but dropped to 0.00 ppm on August 15 and Uctober 15， 
1956. 

As shown above， there was a tenden巴ythat NU.，-N varied very much 
depending on the time of sampling having no relation with other巴onstituents.

(m) .Ammonia nitroge旬.

The highest is 0.19 ppm in the Mun River (at Surin). Ex巴eptingthis， 
other rivers are within the limit of 0.03-0.10ppm. Among these rivers， those 
巴ontaining巴omparativelyhigh are the Bang Pakong River， the Pra巴hin
River and the Mae Nam Chao Phraya (at Nonburi). 

(n) .Albuminoid nitrog仰.

This is organic nitrogen， easily de巴omposedinto ammonia when boiled 

with alkaline potassium permanganate solution and is a useful巴omponent

for agriculture along with nitrate and ammonia nitrogen. 0.26 ppm in the 

Mun River (at Surin)， 0.24 ppm in the Nan River (at Pitsanuloke)， 0.21 ppm 
in the Yom River (at Sukhothai)， 0.20 ppm in the Pa Sak River and the Chi 
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River (at Chaiyaphum) etc. are examp1es of high va1ues over 0.20 ppm. 

Other rivers have a1so the tendency of containing abundance compared with 

Japan where suspended solids are scarce. 

(0) Potαssium 抑 制 旬ganateconsumed. 

The amount of KMn04 consumed is comparative1y 1arge in the Nan 

River (at Pitsanu1oke)， tbe Yom River (at Sukhothai)， Tapi River etc. whi1e 

the Chantaburi River， the Mae Khong River (at Mukdaharn)， the Mae K10ng 
River， the Chumphon River etc. show 1ess. It is recognized that generally 

speaking the rivers in Thailand have the tenden巴Yto巴ontainabundance of 

organic matters compared with Japan where tlro river waters are c1ear and 

transparen t. 

(p) Dissolved solids. 
The most dense examp1e is the Chi River (at Kon Khen) which巴ontains

abundan巴eof sodium ch10ride showing an average va1ue during the year of 

244.7 ppm. Next巴omes182.3 ppm in the Pa Sak River (at Sarabt凶)wl山 h

is greatly aHected by 1imestone. As for others， the巴itywater of Bangkok， 
the Mun River (at Ubo1rajatani)， the Mae K10ng River， the Mae Khong 
River (at Chiengsan)， the Pa Sak River (at Petchabun)， the Yom River (at 

Sukhothai) et巴. showed abundan巴eof disso1ved solids or dense nature of wa-

ter. 

On the other hand， 35.3 ppm in the Sai Buri River in thc Ma1ay penin同

. su1a， 36.5 ppm in the Chantaburi River in the east coast of Thailand， 51.1 

ppm in Lake N ong Han， 60.0 ppm in the Bang Pako時 River(at Cha巴hoen-

gsao) et巴. showed scarcity. 

The geographica1 distribution of disso1ved solids in Thailand is shown in 

Fig. 12. 

(q) Suspended solids. 

The amount of suspended solids usually differs very mu巴hbetween the 

flood season and the dry season. Those which showed abundance of average 

values during the year were 330.3 ppm in the Nan River (at Pitsanuloke)， 
296.8 ppm in the Yom River (at Sukhothai)， 228.9 ppm in the Wang River， 
217.3 ppm in the Pa Sak River (at Petchabun) etc.， and generally speaking the 

main stream and tributaries of the Mae Nam Chao Phraya， the main stream 
of the Mae Khong River and the upper stream regions of the Chi and Mun 

rivers in the Korat Plateau have abundan巴e.

The waters containing little suspended solids are 13.9 ppm in Lake 

Talesaab， 19.0 ppm in the Chumphon River， 31.3 ppm in the Sai Bllri River， 
27.8 ppm in the Chantaburi River on the east coast， et巴.

The distribution of suspended solids in Thailand is shown in Fig. 13. 

The Nan River which巴ontainsmost s四 pendedsolids (at Pitsanuloke) 

showed 28.8 ppm on December 15， 1956 in the dry season while it in巴reasedto 

1，436.4 ppm on May 15， 1957 thus indi巴atinga very wide巴hange.
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Fig. 12. Distributioll of dissolved solids. 
(Average value during one year.) 

Fig. 13. Distribution of suspended solids. 
(Average vslue uuring one year.) 

On the other hand， Lake Ta1esaab which contains small amount of sus-
pended solids showed 5.3 ppm at the 10w伺 tand 22.6 ppm at the peak. The 

Chumphon River which is a1so 10巴atedin the Ma1ay peninsu1a showed 4.4 

ppm at the 10west and 35.6 ppm at the peak with 1ittle seasona1 changes in 

both cases. 

It is noticeab1e that the waters of Thai1and are high in turbidity and 

巴ontainabundance of白uspendedsolids as a general tendency when巴ompared

with Japan. 

(r) Turbiditν. 
Turbidity is shown by the unit of intensity of 1ight s巴atteredby turbid 

water containing 1 part per million of Kao1in. 

The highest average turbidity during the year was 459.1 of the Nan 

River (at Pitsanuloke) which contains abundance of suspended solids followed 

by 327.5 in the Wa時 River(at Lampang). A1so， 255.0 in the Yom River 

(at Sukhothai)， 202.8 in the Pa Sak River (at Petchabun)， 195.2 in the Nan 
River (at Nan)， 182.8 in the Mun River (at Surin)， 177.6 in the Mae Nam 
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Chao Phraya (at Ayuthaya) etc. showed high turbidity as in the case of sus-

pended solids. On the other hand the waters with low turbidity are 7.4 in 

Lake Talesaab， 8.0 in the Chumphon River， 
8.9 in the Kwae Noi River， 10.5 in the Sai 
Buri River， 11.8 in the Tapi River etc. not 
to speak of 4.2 in the city water of Bangkok. 

Generally speaking the waters in the Malay 

peninsula are clear and transparent. 

(s) Hardness. 
Parts per million as CaCOa are calcula t. 

ed from thecontent of Ca and Mg. The highest 

value of hardness is 137.0 ppm in the Pa Sak 

River (at Saraburi) which contains most Ca. 

129.5 ppm in the Mae Klong River， 116.9 
ppm in the Kwae Noi River (at Kanchana-

buri)， 104.5 ppm in the Mae Khong River 
(at Chiengsan)， 103.7 ppm in the Yom River 

(at Sukhothai)， 101.0 ppm i泊nthe Ma悦eKhon 

River (at Nongkai) etc. show values higher 

than 100 ppm. 

On the other hand， 7.6 ppm in the Cha-
ntaburi River， 8.1 ppm in the Sai Buri River， 
10.4 ppm in Lake Nong Han. 13.9 ppm in 

the Bang Pakong River etc. are low ones. 

The range of differences between ri vers 

of high values and those of low values is in. 

deed great. 

Kobayashi : The Water of Rivers in Thailand 
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CHARACTERrSTICS OF THE MAIN STREAM OF 
THE MAE KHONG RIVER 

V. 

The Mae Khong River originates from Tibet in China and flows down to 

the southern tip of the Indo.China peninsula. The total length of the flow is 

4，200 km ranking second in length in southeastern Asia next to the，Yantse 

River. It flows in the territories of five countries. The area of its basin 

amounts to 800，000 km2， being almost 2 times the whole area of Japan. Thus 

the Mae Khong River is an important river for Thailand， Laos， Cambodia， 
Viet Nam etc. Its development program is attracting international interest. 

As for this main stream of the Mae Khong River， I have chosen 3 places 
of sampling namely， Chiengsan， the northern.most town in Thailand， Nong-
kai in the Thai territory near Vientiane， the capital of Laos and Mukdaharn 
located on the opposite side of Savannakhet in the Laos territory in the 
lower stream region of the River. 

Characteristics of the Mae Khong River can be found if the nature of 



waters at these 3 places are巴omparedwith the total average of the analyti-

cal results of 28 rivers and 2 lakes in Thailand as shown in the bottom part 

of Table 2. It has the tendency of巴ontainingabundance of Ca， Mg， alkalini-
ty， dissolved solids， suspended solids etc. as well as remarkably abundant 
80~. On the other hand， Na， K and Cl are scarce compared with the averages 

for 30 places. Also it is one of the characteristics of the Mae Khong River 

that it shows almost neutral reaction as indicated in pH 6.9 inspite of the 

fact that other rivers clearly show 

weak acid. 

The above is the characteristics 

of the Mae Khong River as compared 

with other waters in Thailand. 

However， when comparison is 
made between the three places inves-

tigated， there is a tendency of Ca， 
Mg， Na， K， alkalinity， 80-1.， dissolved 

solids etc. getting gradually dilute 

as the water flows down-stream. 

1n ot.her words， Ca decreased 
from 32.1 to 26.8 ppm: HCOa from 

116.9 to 100.3 ppm: 80-1. from 17.1 
to 12.2 ppm: dissol ved solids from 

145.3 to 124.3 ppm. This may be due 

to the s巴arcityof these cornponents 

in the waters of branch rivers join-

ing with the main stream. 1n addi-

tion， a tenden巴y was noticed that 

along with the gradual dilution of 

dissolved salts， suspended solids de-
creased Irom 186.2 to 99.9 ppm and 

the turbidity decreased from 145.1 

to 57.1 thus the water be巴oming
clcarer as it flowed down along Thai 
frontier. 
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The change of the na ture of 

water during the year of the Mae 
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physically carried by the water during this period. However， during the 
10w water 1eve1 period from December to Apri1， suspended Bo1ids became 
scarcer showing 24.0 ppm on March 15， 1957 at the 10west. 

On the other hand， the density of sa1ts carried in solution was highest 
around Apri1 in the 10w water 1eve1 period in direct opposition to suspended 

solids， and was 10west in the high water 1eve1 period of August and 8eptem-
ber. 

Ca was 37.0 ppm at the peak and 22.8 ppm at the 10west; HCOa was 

134.2 ppm at七hepeak and 89.6 ppm at七he10west; 80" was 25.0 ppm at the 

peak and 4.8 ppm at the 10west and C1 was 11.8 ppm at the peak and 2.6 ppm 
at the 10west. 

A comparison of seasona1 change between constituents showed the order 

of 804， C1， Na)Mg， Ca， HCOa)8i02 and changes of 804， C1， and Na are 

most remarkab1e whi1e the density of 8i02 did not change very much during 
one year. 

(b) Q仰旬titν01仰 neralmatter cαrried by the M ae Khong R叩er印 solution.

The amount of minera1 matter carried in solution by the water of the 

Mae Khong River at Nongkai 10cated 1，500 km up-stream from the river 

mouth is ca1cu1ated as fo1lows: 

According to the report of the U. N. Economic Commission for Asia and 

the Far East in Bangkok (1957) the annua1 average of the flow is 11，000 
cubic meters per second as indicated by the resu1t of the illvestigation of the 

d ischarge cond u巴tedat Phnom.Penh during the period from 1940 to 1951. 

Therefore， the amount of the flow in the Mae Khong River at Nongkai is 
rough1y estimated at久700cubic meters per second as ca1cu1ated in the follow-

lng manner. 

A=A' x吾
A' ... ... the average discharge at Phnom-Penh 

B ... ... the area of the basin from the source to N ong kai 
(287，000 kmえ)

B'…… the area of the basin from the source to Phnom-

Penh (672，000 kmえ)
If 139.1 ppm (calculated from ana1ytica1 results) which is the content of 

total dissolved mineral constituents at Nongkai is mu1tip1ied by this amount 

of flow， i t shows tha t 0.65 tons of sal ts are flowing every second meaning 

20，500，000 tons for one year. This amount correspOIi.ds to more than 16 times 
of 1，250，000 tons (Kobayashi 1955)， the total amount of minera1 matter car-
ried in solution by the Tone River， the biggest river in Japan， for one year. 
On the other hand， iE this amount is divided by 287，000 kmえwhichis the 

area of the basin at Nongkai， the amount of mineral matter flowing out per 
1 km2

• of land during one year is 71 tons. When compared with 80 tons， 
(Kobayashi， 1955) the amount of mineral matter carried out from 1 km2

• of 
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la.nd in solution by the Tone River， 220 tons (Koba.ya.shi， not yet disclosed) 
of the Oyodo River in Miya.za.ki Prefecture which is loca.ted in the south-west 
of Japan a.nd e玄tremelyra.iny， etc.， it is noticea.ble tha.t the dissolution by 
the Mae Khong River is ra.ther slow. 

VI. CHARACTERISTICS OF THE RIVERS IN THE 
KORAT PLATEAU 

Due to the topogra.phica.l fea.ture of the Kora.t Pla.teau which is high in 
the west and in the south a.nd slopes down to the ea.st， a.11 rivers flow ea.st-
wa.rd into the Ma.e Khong River. The a.mount of rain in this a.rea is sca.rce 
with the result tha.t the a.mount of strea.m flow in the dry season decrea.ses 
considera. bly. 

1 ha.ve chosen 6 pla.ces in a11 for my investiga.tion， 2 pla.ces in the Chi 
River， 1 place in the Phao River， 1 pla.ce in the Mun River， 1 place in the 

lower stream of the joining point of the Chi and Mun rivers in addition to 
Lake Nong Han. 

It is the cha.ra.巴teristicsof the rivers in the Kora.t Pla.tea.u tha.t they con-

ta.in a.bunda.nce of Na. a.nd Cl during the dry sea.son on a.ccount of the influencp. 
of the sa.lt oozing out from the sandstone forma.tion. Among the avera.ge 
a.mounts of content of C1 during one yea.r a.t the 5 places thus chosen， 94.5 
ppm in the Cti Rivel' (a.t Kon Khen) was the highest， whi1e 16.8 ppm in the 
upper stream of the Chi River (a.t Cha.iya.phum) wa.s the 10west. On the other 

ha.nd， among the highest va1ues observed during th巴 dryseason， 312.5 ppm 
in the Chi River (a.t Kon Khen) a.nd 261.0 ppm in the Mun River (a.t Surin) 

were by fa.r th巴mostabundant. Therefore， it is considered that the pla.ce 
where the rivers in the Kora.t P1ateau are mos色affectedby rock salt is 

loca.ted nea.r Kon Khen and Surin. However， Cl content in Lake Nong Ha.n 

loca.ted in the north-ea.st corner of the P1atea.u showed 5.7 ppm at the lowes七

during one yea.r a.nd 13.7 ppm at the pea.k. Thus the effect of sa.lt was not 
remar ka. b1e. 

Another cha.ra.cteristics of waters in the Kora.t Plateau is the sca.rcity of 
Ca and alka.linity， i. e. influence of limestone. The content of Ca in La.ke 
Nong Han is 3.0 ppm; that in the Phao River 9.0 ppm; that in the Mun River 

(at Surin) 10.6 ppm; that in the Mun River (at Ubolrajata.ni) 10.9 ppm. Thus 
the content is rema.rka.bly sma11 compa.red with more or less 30 ppm in the 
Mae Khong River into which these waters flow. 

(a) Seas仰 alc初旬geo[ the Mun R印er.

The wa.ters in the northern half of the Kora.t Platea.u flow into the Chi 

River and the wa.ters in the southern ha.lf flow into the Mun River. These 

two rivers， a.fter joining， flow eastward into the Mae Khong River. Fig. 16 
shows the seasona.l cha.nge of the nature of water at Ubolra.jatani before 
flowing into the Ma.e Khong River. 

ー
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Suspended solid自 aboundin the 

three months of June， Ju1y and Au-
gust of the rainy season and are 

scarce in the nine months from Sep-

tember to May in the following year， 
whi1e disso1ved solids are scare dur-

ing the half year from Ju1y to De-

cember and are dense during the ha1f 

year from January to June. Consti-

tuents in solution most marked1y 

affected by seasona1 change are .C1 

and Na. The highest va1ues 126.3 

and 86.8 ppm， respective1y recorded 
of the two components on March 16， 
1957 are about 20 times higher than 

the corresponding 5.2 and 4.5 ppm， 
the 10west va1ues recorded on Sep-

tember 15， 1956. 
On the other hand， Ca. content 

a.nd a1ka1inity showed the highest 
on April 16， 1957 a.nd the 10west 
on Ju1y 15， 1956. The highest a.nd 
the 10west va1ues of Ca. were respec-

tive1y 19.5 ppm a.nu 2.6 ppm and the 
highest a.nd the 10west va.1ues of 

HCOa were respective1y 74.3 ppm 

a.nd 13.3 ppm. Therefore the cha.nge 
was not so rema.rkab1e as Na. a.nd 
C1 bu t still reached 6ー 7times. 

As sta.ted above， the seasona.1 

cha.nge of not on1y Na. a.nd C1 but 
a1so Ca. a.nd a.1ka.1inity in the rivers 
in the Kora.t P1a.teau wa.s very re-

ma.rkab1e compa.red with the rivers 
in other a.rea.s. 

However， it is a. noteworthy 

fa.ct tha.t the times when Ca. a.nd a.1-
ka1inity were highest and 10west did 

not correspond with the times when Na a.nd Cl were highest a.nd lowest. The 
巴ausefor this phenomenon is巴onsideredto be either the difference of geo・

grapbica.1 distribution of ro巴k-saltformations and 1imestone formations， or 
lack of uniformity in weather conditions. 

In addition， the change of Si02 during the year was rema.rkably slow 
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compared with other components， showing 7.3 ppm at the lowest and 14.3 ppm 

at the peak. Therefore， the s巴opeof seasonal巴hangebetween constituents 

was in the order of Na， Cl) Ca， HCOa) Si02・Thisis about th.e same with 
tbat of the Mae Khong River. 

VII. CHARACTERISTICS OF THE BASINS OF THE MAE NAM 
CHAO PHRA YA AND THE MAE KLONG RIVER 

In the basin of the Mae Nam Chao Phraya (commonly called the Mae 

Nam River in Japan) extends the great plain whieh is the principal producer 

of Thai rice. Its upper stream is separated into 4 rivers， the Nan， th巴Yom，
the Wang and the Ping. Bangkok， the capital city of the country is 10巴ated
at the mouth of t.he River and Chiengmai， the second largest city is located 
along the Ping River. Thus the Mae Nam Chao Phraya meaning“The River 
that is Mother" is the most important river in Thailand. On the other hand， 
the Mae Klong River flows on the west side of the Mae Nam Chao Phraya 

on the border of Burma and the upper stream of the River is separated into 
2 rivers， the Kwae Noi and the Kwae Yai. 

As the objectives of my investigation， 1 have chosen 12 places in the 

basin of the Mae Nam Chao Phraya and 2 pla巴esin the basin of the Mae 

Klong River. 13 places from among the total of 14 places巴ontainmore than 

20 ppm of Ca and in particular， Ca巴ontentof the Pa Sak River (at Saraburi) 

located in the eastern part of the Mae Nam Chao Phraya basin rea巴hedan 

average of 46.8 ppm during the year， thus ranking the highest among 31 
places investigated. 37.7 ppm in the Mae Klong River and 33.8 ppm in the 

Kwae Noi River rank respectively the second and the third. The巴ontentof 

HCO;; is also high as in the case of Ca. Headed by the two cases of 164.6 ppm 

in the Pa Sak River and 162.1ppm in the Mae Klong River， 140.8ppm in the 
Yom River， 138.7ppm in the Kwae Noi River， 119.0ppm in the Wang River， 
105.5 ppm of the Nan River， 104.8 ppm of the Ping River， etc. are some of 
the noticeably high content. 

Thus the waters in these two basins are very much affected by 

limestone at many pla巴es. Especially it is巴oncludedthat， as indicated in 
the spectrogram (Fig. 20) shown later， limestone or calcium carbonate not 
completely dissolved is being巴arriedas suspended solids and as the result， 
the waters in the two basins of the Mae Nam Chao Phraya and the Mae Klong 

River have a gr巴ateffect to neutralize the acidity of the soil when they are 

used as irrigation water for rice-growing. 
The river waters in the basin of the Mae Nam Chao Phraya 

contain abundan巴eof K， and 4.4 ppm which is the average of K 巴ontent

during one year at Uthai Thani in the middle stream and 4.3ppm in the Supan 

River on the west part of the basin are the highest among 31 places investi-

gated this time. The Wang River， the Ping River (at Tak)， the Mae Nam 

Chao Phraya (at Ayuthaya and Nonburi)， the Pa Sak River (at Petchabun) 
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etc. show high content of more than 3 ppm. 

On the other hand， only the Nan River in the north eastern巴ornerof 

the Mae Nam Chao Phraya plain contains rather small quantity of K， and 
the content at Nan is only 1.1 ppm. 

The content of Si02 in the basin of the Mae Nam Chao Phraya is more 

abundant than in other basins. 1ncluding 23.7 ppm in the Pa Sak River (at 

Petchabun) and 23.6 ppm in the Ping River (at Chiengmai)， the Wang River， 
the Ping River (at Tak)， the Nan River (at Nan)， the Yom River etc. show 
contents over 20 ppm. 

On the other hand， Mg content in the Mae Klong River and the Kwae 

Noi River which is the upper stream of the same river are the highest among 

the rivers in Thailand showing 8.6 ppm in the Mae Klong River and 8.0 ppm 
in the Kwae Noi Rivel'. 

There is a tendency that the cotents of Cl and SO~ in the basins of the 

Mae Nam Chao Phl'aya and the Mae Klong River are rather scarce， and the 
Cl content in the Ping River， the Wang River and the Yom River at 4 places 

of Chiengmai， Tak， Lampang and Sukhothai are respectively only 0.5， 0.7， 
0.8 and 0.6 ppm. 

(a) Seaso叩 lc加ngesof the Mae Mαm Chao Phrayαand the Ping River. 

1n order to clarify the changes of the nature of water during one year in 

the lower stream of the Mae Nam Chao Phraya and the Ping River which is 

the upper stream of the same river， the seasonal changes of these two rivers 
at Ayuthaya， the old capital and Chiengmai， a city in north Thailand are 
shown in Fig. 17 and Fig. 18. 

Both rivers had abundan巴eof guspended solids in the 4 months of June， 
July， August and September. Therefore， it i自 presumedthat great amount 

of water flew during this period. On the other hand， suspended solids were 
巴omparativelyscarce in the remaining 8 months with the result of less tur-
bidity (Table 2). 

However， dissolved salts were dilute in the 6 months from June to 

November while in the other 6 months they were dense. 

The highest values of Ca and HCOa in the lower stream of the Mae Nam 

Chao Phraya were 33.5 ppm and 149.2 ppm respectively on May 15， 1957 
being about 2.5 times greater in density compared with 13.6 and 58.8 ppm 

respectively at the lowest on August 15，1956. 680.3 ppm which is the highest 

value of suspended solids in the same river， is over 80 times more abundant 
compared with 8.2 ppm at the lowest， while the quantity of 01 contant shows 
a wide range of change indicating 22.5 ppm at the peak and 0.0 ppm at the 
lowest. On the other hand， the change of Si02 is within th白rangeof 15.0 ppm 

at the lowest and 22.9 ppm at the peak thus showing extremely small sea. 
sonal changes. 

The highest values of Ca and HCOa in the Ping River were respectively 

32.1 ppm and 135.9 ppm on April 15， 1957 being about 4 times greater cQm-
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Fig. 18. Change of the quality of water in 

the Ping River during one year at Chiengmai. 

Fig. 17. Change of the quality of water 
in the Mae Nam Chao Phraya during 
one year at Ayuthaya. 

Content of HCU3: scale 1/3 
8uspended阻olids: Bcale 1/10 in both figures. 

pared wi出 thelowest values of 8.0 ppm and 35.2 ppm respectively on August 

15， 1956. However， excepting the two tim白sof the highest and the lowes色，
Ca remained within the range of 17-27 ppm and HCOa remained within 

the range of 88-120 ppm throughout the other remaining 10 times of sampling 
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thus showing .1ess remarkab1e change. The quantity of C1 and 80~ content 

in the Ping River during the year are a1ways s巴arceshowing a change of 

0.0-1.9 ppm in the case of C1 and a change of 0.0-1.8 ppm in the case of 

804• The change'of Na is 2.0-5.2 ppm， that of K is 2.1-3.5 ppm and that 

of 8i02 i自 14.6-28.8ppm thus a11 of them showing no remarkab1e se邸 ona1

changes. 

VIII. CHARACTERISTICS OF THE W ATERS IN THE 
MALA Y PENINSULA AREA 

4R 

1 have chosen as the objectives of my investigation Lake Ta1esaab， the 
1argest 1ake in Thailand and 3 other rivers. It has been found out that the 

waters in the peninsu1a contain sma11 quantity of diss01ved sa1ts throughout 

the year without any distinction between dry and wet seasons due to the 

influence of the ocean weather accompanying abundance of rain. 

Diss01ved s01ids are 10west in the 8ai Buri River in the southern mo目t
tip showing 35.3 ppm whi1e the highest is 74.4 ppm in the Chumphon River 

in the north both being far 10wer than 115.2 ppm， the average figure for 30 
places in Thailand as shown in the bottom part of Tab1e 2. 

The average ωntents of Ca and Mg in the 8ai Buri River during one 

year are the same with those in the Chantaburi River which， being 10cated 
on the east coast of Thai1and is affected by the ocean weather in the same 
way showing 1.9 and 0.7 ppm respective1y， the 10west figures among 31 places 
investigated. It is my opinion that the scarcity of sa1ts in the 8ai Buri River 

and the Chantaburi River is more ac巴e1eratedon account of the inf1uence of 

granite rock which is difficult to加 permeatedand diss01ved. The quantity 

of Ca content in 3 other p1aces outs，ide of the 8ai Buri River is 9.3-11.9 ppm 
being about a half in density compared with 19.8 ppm， the average figure in 
Thailand. 

It is my opinion that outside of the meteor010gi巴a1reason七hatthere is 

abundance of rain in the peninsu1a， scattered existence of the Korat series of 
ge010gica1 formations (Thai Roya1 Department of Mines 1953) a1so contributes 

to the scar巴ityof Ca in the waters as in the case of the Korat P1ateau. 

The extreme s巴arcityof the content of 80~ as anion is another巴hara巴-

teristic of the waters in the peninsu1a showing on1y 0.0-0.4 ppm at 4 p1aces. 

A tenden.cy of extreme scarcity is noticed as in the case of the above mentioned 

Mae K10ng， Ping， Nan， Mae Nam Chao Phraya (at Uthai '1'hani) Rivers 

etc. 
The waters in the peninsu1a have the tendency to contain scarcity of not 

on1y diss01ved sa1ts but a1so of suspended solids. 13.9 ppm in Lake Tale-

目aab，19.0 ppm in the Chumphon River and 31.3 ppm of the 8ai Buri River 

are scarcer compared with 112.0 ppm， the tota1 average in Thailand. In 
addition， the turbidity at 4 places ranges 7.4-11.8 being extreme1y low 

~. 

3・
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compared with 111.6， the average in Thai1and. Therefore， it is noticed that 
the waters are clear and transparent. 

(a) Seaso叩 lchanges 01 the Sai Buri River. 
The seasona1 changes during one year of the Sai Buri River which， being 

10cated in the southern most part of Thai1and， contains the 1east disso1ved 
solids due to the ocean weather and the inf1uence of granite rock are shown 
in Fig. 19. 
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1n Thai1and except its coast are-

as， one year is distinctly divided into 
the dry s巴asonand the rainy season 

due to the influenc巴 ofthe monsoon. 

It is a1ready shown in Fig. 15-18 

that the1'e is a tendency that salts 

in the waters become dense in the 

dry season and di1ut巴 inthe rainy 

season. 

However， the 8ai Buri River 
in the peninsu1a show巴dno regu1ar 

changes between the rainy and dry 

seasons. Suspended solids showed 

the highest value of 82.6 ppm on 

March 15，1957 which corresponded 
to the dry season in other areas 

whi1e it show巴dthe 10west va1ue of 

8.9 ppm on Apri1 15 which was one 

month 1at巴r. Thus th巴 increaseor 

thed巴巴reaseof the quantity not on1y 

had no re1ationship with the seasons 

but a1so showed a very narrow range 

in the change compared with the 

rivers in other areas. This was the 

same in the cas巴 ofthe changes of 
Fig. 19. Change of the quality of water dur-

i~-~ o~;-;;a-r -~f -the 'S~i-Bu~i Ri-;~;. --- Ca and a1ka1inity. They were most 
Content of suspended solids: scale 1/2 巴oncentrat巴don Ju1y 15， 1956 and 

most di1uted on May 15， 1957. The 
highest va1ue of Ca was 2.4 ppm while the 10west was 1.1 ppm. As for HCOa， 
th巴highestvalue was 18.9 ppm while the 10west was 11.6 ppm. The. periods 

in which these two constituents increased 01' decreased were not on1y entire1y 

the oPPQsite to those of the rivers in other areas， but a1so showed small ranges 
in the change. 1n addition， the contents of Mg， Na， K， 804 wer巴a1sovery 

scarce throughout the year. Especially the fact that in spite of its small size 

and its proximity to the ocean， the average content of Cl during one y巴arin 

the 8ai Buri River was only 1.1 ppm is conside1'ed to mean that the influence 
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of the sea water巴arriedby the wind is slight. 

IX. SPECTROCHEMICAL ANALYSIS OF 
SUSPENDED SEDIMENT 

207 

In consideration of the possibility of cases in which the quantity of 

metalic e1ements巴ontainedin turbid substances may differ great1y due to the 

influence of geo1ogy， minera1 ores， etc.， the spactrogram of suspended solids 
fi1tered at each p1aces of sampling pho句graphedby QF-60type spectrograph 

produced by Shimadzu Seisakusho Ltd. is shown in Fig. 20. It shows that 
the Pa Sak River (No. 22) and the Kwae Noi River (No. 25) contain extrav-

agant quantity of Ca and the Mae K10ng River (No. 26) a1so shows that 

tendency. Tharefore， it has been found out that， as a1ready stated， these 3 

rivers not on1y contain the highest va1ues of Ca disso1ved in the water and 

a1ka1inity in Thailand but a1so ca1cium carbonate which is not disso1ved is 

flowing in the form of solid objects. As a means of comparison the Takahashi 

River which flows near our Institute in Kurashiki City is indicated at the 

bottom of the spectrogram. This rivar is one of the examp1es of high 1ime 

rock inf1uence among Japanese rivers， but the quantity of Ca巴ontainedin 

suspended solids is not remarkable as will be seen from the spectrogram. 

Tin which is the representative minera1 resource in Thai1and is most 

detected in the suspended solids of the Kwae Noi River (No. 25) while silver 

is detected in the Tapi River (No. 28). 

However， copper巴ontentin the corresponding Takahashi Rivet is more 

abundant than that of any other river in Thai1and. 

X. COMP ARISON OF THE QUALITY OF W ATERS BETWEEN 
士HAltANDAND JAPAN 

In order to ascertain differen巴eof the nature of water in tropica1 Thai1and 

and Japan which is a vo1canic country surrounded by the sea， 1 have com-

pared the nature of water in 334 samp1e waters taken at 30 p1aces in Thai. 

1and (ex巴eptthe city water of Bangkok and waters mixed with sea water) 

with that of 3，239 samp1e waters taken from representative 382 rivers throu-
ghout the territory of Japan 

The resu1ts are as follows : 

(a) Calci-包悦.

The re1ationship between the content of Ca and the Dumber of waters 

(frequency) is shown in Tab1e 3 and Fig. 21. According to these， the content 
in Thailand is very great compared with that of Japan. 

62.8%ぇ whichis more than ha1f， of the number of river waters in Japan 
contain 1ess than 9.9 ppm whi1e waters containing such scarce amount in 

Thai1and are on1y 25.4% of the total. In additioD， waters containing 20.0ー
29.9 ppm occupy 23.35ぢ:those containing 30.0-39.9 ppm occupy 18.6%: and 
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No. Name of river 

1 Mae Khong River 

2 Mae Khong River 

3 Mae Khong River 

4 Lake Nong Han 

5 Chi River 

6 Chi River 

T Phao River 

8 Mun River 

9 Mun River 

10 Chantaburi River 

11 Prachin River 

12 B!lng Pakong River 

13 Ping River 

14 W山 IgRiver 

15 Ping River -Fic. 20. Spectrogram of suspended sediment. 
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Nan River 

Nan River 
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Yom River 18 
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Mae Nam Chao Phraya 

Mae Nam Chao Phraya 
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Pa Sak River 

Mae Nam Chao Phraya 

Pa Sak River 

21 

22 

23 

Supan River 24 

Kwae Noi River 25 

Mae Klong River 26 

市
川
1

固・・・・ Chumphon River 

Tapi Uiver 

Ll!.ke Talesaab 

27 

28 

29 

Sai Buri River 

Takahashi River at 
Kurashiki， Okayama 
Prefec飢lre，Japan. 

30 

Continued. Fig. 20. 



(Bd. 11， Ht. 2 Berichte d. Ohara Instituts 210 

Table 3. Comparison of the relationship between the content of 
Ca and the number of river waters in Thailand and ]apanも
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Fig. 21. Comparlson of 色he relationship 
between the content of Ca and the number 
of river waters in Thailand and Japan. 
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as indicated in the bottom of Tab1e 2 showing a density about 2 times as 
1arge as that of Japan. 

Therefore， as will be made c1earer by the comparisonof a1ka1inity appear-
ing 1ater， the influen巴eof 1ime rock on river waters is far great泡rin Thai1and 
than in Japan. 

(b) Sodium. 
The巴omparisonbetween the two countries is shown in Tab1e 4 and 

Fig. 22. 
The number of river waters containing 1ess than 9.9 ppm in the amount 

of Na巴ontent0巴cupy72.9% in Japan while it was 73.0% in Thailand thus 

showing practically no differen巴ebetween the two countries. As for waters 

containing 10.0-19.9 ppm， they 0巴巴upy21.8% in Japan whi1e the percentage 

in Thailand is 19.2% thus showing practically the same frequency. On the 

other hand， if comparison is made con巴erningwaters having high density of 

more than 40.0 ppm， the per巴entagein Japan is 0.9% while that of Thai1and 

is 4.5% thus showing the existen巴eof more rivers of this kind. The reason 

for this phenomenon is nothing bu t the s巴atteredexistence in the Korat P1a. 

teau of rivers having abundance of Na due to the influence of ro巴ksa1t for. 
mations. Thus it can be seen that， though the tota1 average of the 

amount of Na巴ontainedin the river waters is 6.8 ppm in Japan as against 

10.7 ppm in Thai1and， if the figures are ca1cu1ated excepting the pe巴u1iar

rivers in the Korat P1ateau， the average for Thai1and be巴omes6.0 ppm thus 

showing tha t the巴ontentis more in Japan. 
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Table 4. Comparion of the relationship between the content of Na 
and the number of river waters in Thailand and Japan. 

Thailand Japan 
Content in 
parts per Number ~ _ Number 
million of river Fre-of river Fre-<__. quency _d<___ quency waωrs 実? waωrs . % 
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Sub total 

(c) Potass仰m.
The amount of K which is an important constituent for ferti1izer is re-

markab1y abundant in Thai1and. As is shown in Tab1e 5 and Fig. 23， 42.9% 
of the river waters in Japan contain 1ess than 0.99 ppm of K while on1y 6.2% 

of the river waters in Thai1and contain such scarce amount. 1n addition， in 
Thailand， waters containing 2.00-2.99 ppm occUPY 26.4%; waters contain-
ing 3.00-4.99 ppm occupY 23.1%; and waters containing a high density of 

more than 5.00 ppm occupy up to 7.5%. All in a11， river waters containing 
more than 2.00 ppm occupY 57.0% showing more than half of the tota1. 

On the other hand， river waters containing more than 2.00 ppm in Japan 
occuPY on1y 13.1% in al1. 

Whi1e the tota1 average of content in Japanese river is 1.3 ppm， the av・
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Fig. 22. Comparison of the relationship between 
the content of Na and the number of river 
waters in Thailand and Jap8n. 
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erage in Thai1and is 2.5 ppm showing a density 2 times greater. Thus the 

waters in ThaiJand are advantageous from the point of view of agriculture 
in that they contain abundan巴eof K. 

The tendency that the ratio of K/Na is higher in Thailand than in Japan 

is a180 one of the differences between the rivers in the two countries. 

(d) .Alkalinitν. 
AS in the巴aseof Ca， a1ka1inity i8 remarkably abundant in Thailand. The 
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Table 5. Comparison of the relationship between the content of 
K and the number of river waters in Thailand and ]apan. 

Japan 

ザ

3

3

0

3

4

・

即
νhv
-
A

U

-

-

U

A

U

A

U

-

-

A

U

l

h

e
釦

44

0

0

1

0

q

ω

，

晶

司

A

-

F
中

一

F

・.，--

-

a
L
V
@』
唱

a

-

b
v
r
-

ー

i
e
一
0

1

1

4

0

0

1

0

3

n
M
V
a・
&
品

一

h

J

U

問

一

げ

一
6

0

4

4

8

8

9

9

1

a
v
m
E
a
a
q
L
仏

L

L

仏

仏

a

v
-
-
n
u
 

F

q

 

r
 

r
e
s
 

e
v
r
 

h
u
・r
e

m
r
u
 

hJZ 

Thailand 
Content in 
part8 per 
million 

Japan 

Number 
ofriver 
waters 

Thailand 

0
6
A
U
n
M
U
A
E
ρ

。
ρ

。。。。。，
t

'

i

1

$

7

・

3.40-3.59 

3.60-3.79 

3.80-3.99 

4.∞-4.19 

4.20-4.39 

4.40-4.59 

4.60-4.79 

4.80-4.99 

Sub total 

Fre-
quency 
% 
0 

0 

6.0 

17.8 

19.1 

42.9 

0 

0 

23 

68 

73 

1制

n
u
n
U
A
U
r
a
n
o
-
-
-

唱
-
b
n
J
'

・

0-0.19 

0.20-0.39 

0.40-0.59 

0.60-0.79 

0.80-0.99 

Sub total 

。

。

。

o

p

D

0

・
0

o

o

-

-

O

O

O

L

A

U

A

U

n

u

 

A
U
'
i
A
U
A
U
A
U
'
i
A
U
A
U
A
U

内正

1.5 

0.3 

0.6 

1.2 

0.9 

1.5 

0.3 

0.6 

0.6 

7.5 

5

1

2

4

3

5

1

2

2

お

5.∞-5.19 

5.20-5.39 

5.40-5.59 

5.60-5.79 

5.80-5.99 

6.00-6.99 

7.00-7.99 

8.00-8.99 

9.00-9.99 

Sub total 

17.0 

12.6 

6.5 

5.0 

2.9 

44.。

65 

48 

25 

19 

11 

168 

6.3 

8.6 

7.2 

8.4 

6.3 

36.8 

21 

29 

24 

28 

21 

123 

1.00-1.19 

1.20-1.39 

1.40-1.59 

1.60-1. 79 

1.80-1.99 

Sub total 

3.4 

2.4 

1.8 

1.0 

0.5 

9.1 

日

9

7

4

2

お

7.2 

8.4 

3.6 

3.6 

3.6 

26.4 

川
崎

M
m
u
u
沼
田

2.∞-2.19 

2.20-2.39 

2.40-2.59 

2.60-2.79 

2.80-2.99 

Sub total 

1∞.0 お21∞.0 334 Grand total 
1.0 

0.5 

4 

2 

3.6 

2.7 

12 

9 

3.00-3.19 

3.20-3.39 

回
。
ョ
ヨ
同
』
包
丘
』
昆

E
2
2
5
0
凶

A
U

、，，
a勾

a

。

Content in 
parts per Number 円

million -of river l'"re-
φquency atet's ~-$i$ 

0 

0 

0 

1.5 

4.7 

6.2 

Fig. 23. Comparison of the relationship between the content 
of K and tbe number of river waω1'8 in Thailand and Japan. 

comparison is shown in Table 6 and Fig. 24. 

1n Japan， river waters containing scarce amount of less than 49.9 ppm 

occupy 85.69ぢ， a majority while rivers containing high density of more than 

100.0 ppm occupy only 1.19杉.1n contrast to this， in Thailand， waters con-
taining less than 49.9 ppm occupy 27.1%; waters containing 100.0-149.9 
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Tab!e 6. Comparion of the re!ationship between alkalinity (HC03) 
and the number of river waters in Thailand and Japan. 
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ppm occupy 33.6%; and waters巴ontaininghigh density of more than 150.0 

ppm occupy up to 9.0%. All in all， the number of river waters containing a 

density of more than 100.0 ppm totals 42.6%. 

The average of HCOa content of 382 rivers in Japan is 32.3 ppm while 

the average of 30 rivers in Thailand is 82.6 ppm， about 2.5 times as high巴om-

pared with that of Japan. Thus， as stated in the section of Ca， the influen巴e

of lime rock dissolved in the Thai rivers is far greater than that in Japan and 

the waters in Thailand have strong power to neutralize acidity. 

(e) 8ulfate. 
Contrary to Ca and alkalinity， the content of 804 is remarkably abundant 

(Bd. 11， Ht. 2 
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Table 7. Comparison of the relationship between the content of 
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Fig. 25. Comparion of the relationship 
between the content of 804 and the number 
of river waters in T.hailand and Japan. 
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in vo1canic Japan. As is shown in Tab1e 7 and Fig. 25， waters of Thailand 
containing 1ess than 0.9 ppm of 804 density occupy 54.4 96， more than the 
ha1f of the river waters whi1e in Japan rivers with such scarcity practically 
do not exist. 

1n addition， in Thailand， waters containing 10.0-19.9 ppm occupy 

9.396; waters containing 20.0-29.9 ppm 0巴巴upy2.196; waters containing 

30.0-39.9 ppm occupy 0.396 and there are none containing more than 40.0 

ppm. 1n contrast to this， in Japan， waters containing 10.0-19.9 ppm occupy 
25.496; wat巴rscontaining 20.0-29.9 ppm occupy 6.196; waters con回ining

30.0-39.9 ppm occupy 4.496; and waters containing more than 40.0 ppm 

occupy 4.496. All in a11， total waters containing high density of more than 
10.0 ppm reach 40.3% as against 11.7箔 inThailand. 

The average of 80~ 巴ontent in 382 Japanese rivers ana1ysed by me was 

14.0 ppm whi1e that of Thailand was 3.3 ppm. Thus there is a great differ-
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Table 8. Comparison of the relationship between the content of 
Cl and the number of river waters in Thailand and Japan. 
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ence in the amount of 804巴ontentin the two countries showing that the 
amount in Japan is predominantly abundanも.

Japan is a specia1 examp1e of vo1canic countries where rivers with 

abundance of su1fate and showing strong acidity are distributed. These acid 

rivers inflict not on1y harmfu1 effects on agricu1ture and fishery but a1so the 

distribution of these rivers has direct relationship with the cerebra1 hemor-

rhage death rate in Japan which is the highest in the wor1d as 1 have a1-
ready pointed out. (Kobayashi， 1957) 
(f) Chloride. 

The comparison between the two countries is shown in Table 8 and Fig. 

26. If comparison in frequency is made limiting to waters containing ex-
treme1y scarce amount of 01 content of 1ess tban 0.9 ppm， the percentage in 
Japan is 0.59ぢwhi1eit is 24.2% in Thai1and showing far higher fr句uency

in Thai1and. On the other hand， waters containing high density of more than 
30.0ppm occupy 1.1箔 inJapan while that of Thai1and is 8.4箔.The per巴ent-

age of waters containing 20.0-29.9 ppm is 1.4% in Japan whi1e that of Thai-

1and is 5.1労 showinggreater numbers in Thai1and. Thus waters containing 

e玄treme1yscarce amount as well as extreme1y abundant amount of 01 are 
more numerous in Thailand. 

In contrast to the tota1 average of 01 content in the Japanese rivers at 

6.4 ppm， that of Thailand is 12.7 ppm amounting to 2 times of that of Japan. 

However， rivers containing abundant amount of 01 content are limited 
to those in the Korat P1ateau. If ca1culated omitting these rivers in view of 

the Korat P1ateau being a peculiar area containing sa1t ro巴kforma tions， the 
average in Thai1and will be 4.7 ppm， and it can be seen that there is more 

Fig. 27. Compa.rison of the relationship between the content of 

Si02 a.nd the number of river waters in Tha.ila.nd a.nd Japan. 
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Table 9. Comparison of the relationship between the content of 
Si02 and the number of river waters in Thailand and Japan. 
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abundan巴ein Japan which is surrounded and afected by the sea. 

(g) Silica. 
As is shown in Table 9 and Fig. 27， there is not much differen巴ein 

frequency of river waters between the two巴ountries， if the巴alculation is 

limited within 10.0-29.9 !>pm， showing 87.7% for Thailand and 74.1% for 
Japan. On the other hand， if the comparison in the number of river waters 
containing high density of 30.0 ppm or more is made， the percentage for 
Japan is 19.7% compared with 0.3% for Thailand凶 usshowing hig her 



frequency in Japan. 

The percentage of the number of rivers containing s巴arceamount of less 

than 9.9 ppm is 6.2% for Japan as against 12.0% for Thailand. 

In contrast to the total average of the amount of Si02 content in Japan 

at 21.6 ppm， that of Thailand is 16.0 ppm and the tendency is noticed that 

the content is higher in Japan where there is the influence of weathering of 

volcanic ro巴ks.

However， the distribution of rivers巴ontaininghigh density of 30.0 ppm 

or more in J a pan is巴oncentratedin the volcanic areas in Kyushu Island， 
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Kanto Districts and Hokkaido Island. If calculation is made omitting these 

areas， the difference in the amount of SiOz content between the two countries 
will be very m u巴hnarrowed. 

(h) Dissolved solids. 

The comparison of dissolved solids in both countries is shown in Table 

10 and Fig. 28. The percentage of waters containing scarce dissolved solids 

such as 50.0-99.9 ppm is 67.6% or more than half of all rivers in Japan while 

it is 32.1 %in Thailand. 

33.1% of rivers in Thailand contain 100.0-149.9 ppm and 17.4% contain 

150.0-199.9 ppm while 6.9箔巴ontainmore than 200.0 ppm. Thus the total 

of rivers containing more than 100.0 ppm reaches 57.4%. But in Japan such 
rivers only occupy 22.2%. 

On the other hand， the average amount of dissol ved solids contained in 
Japan is 85.3 ppm while that of Thailand is 115.2 ppm. showing that the 

Table 11. Comparison of the relationship between the content of suspended 
solids and the number of river waters in Thailand and Japan. 

Thailand Japan Thailand Japan 
Content in Content in 
parts per Number円Ere-NumberE胃 reー- par旬 ~~r N.u~ber Fre- ~u~ber F 
mi1l ion of river ~.:~-___ of river million of river re・ of'ri ，;;~ ne・

wat.ers qu完eywatemquzcy quency ;';a-'~;'~- quency 
waters "-i-' waters "-ii 

0-4.9' 5 1.7 1535 47.4 110.0-11~.9 3 1.0 5 0.2 

5.0-9.9 14 4.6 679 21.0 115.0-119.9 4 1.3 8 0.2 

10.0-14.9 22 7.3 286 8.8 120.0-124.9 1 0.3 2 0.1 

15.0-19.9 19 6.3 159 4.9 125.0-129.9 。 。 4 0.1 

20.0-24.9 19 6.3 114 3.5 130.0-134.9 4 1.3 2 0.1 

25.0-29.9 18 5.9 67 2.1 135.0-139.9 1 0.3 5 0.2 

30.0-34.9 15 4.9 46 1.4 140.0-144.9 3 1.0 4 0.1 

35.0-39.9 14 4.6 43 1.3 145.0-149.9 1 0.3 1 。
40.0-44.9 13 4.3 80 0.9 150.0-199.9 17 5.6 23 0.7 

45，0-49.9 9 3.0 30 0.9 Sub total 41 13.4 65 2.1 
Sub total 148 48.9 2989 92.2 200.0-249.9 11 3.6 12 0.4 
50.0-54.9 9 3.0 19 0.6 250.0-299.9 T 2.3 7 0.2 
55.0-59.9 6 2.0 24 0.6 300.0-349.9 4 1.3 5 0.2 
60.0-64.9 9 3.0 17 0.5 350.0-399.9 2 0.7 5 0.2 
65.0-69.9 10 3.3 11 0.3 400.0-449.9 3 1.0 2 0.1 
70.0-74.9 T 2.3 12 0.4 450.0-499.9 3 1.0 6 0.2 
75.0-79.9 8 2.6 10 0.3 5∞.0-999.9 10 3.3 9 0.3 
80.0-84.9 9 3.0 18 0.6 10∞.0-1499.9 2 0.7 1 。
85.0-89.9 9 3.0 9 0.3 15∞.0-1999.9 1 0.3 2 0.1 
90.0-94.9 3 1.0 8 0.2 2仮泊.0-2499.9 。 。 。 。
95.0-99.9 1 0.3 7 0.2 2500.0-2αJO.。。 。 1 。
Sub total 71 お.5 135 4.0 Sub total 43 14.2 50 1.1 

100.0-104.9 6 2.0 6 0.2 

105.0-109.9 1 0.3 5 0.2 Grand total 303 1∞.0 3239 1∞.0 
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Fig. 29. Comparison of the relationship between the content of Buspended 

solids and the number of river waters in Thailand and Japan. 

density of dissolved salts is abundant in Thai rivers while it is scarce in 

Japanese rivers. 

(i) SUSp側 dedsolids. 

As is shown in Table 11 and Fig. 29， suspended solids are remarkably 
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a.bunda.nt in Tha.ila.nd. 1n Ja.pa.n， the percenta.ge of river wa.ters conta.ining 
0.0-4.9 ppm of suspended solids is 47.4% a.nd tha.t of river wa.ters con-
taining .5.0-9.9 ppm is 21.0%. Thus， the tota.1 number of c1ea.r a.nd tra.ns-
pa.rent river wa.ters conta.ining 1es8 tha.n 9.9 ppm occupies 68.4% which is more 

tha.n the ha.lf. ~ut the percenta.ge of Tha.i river wa.ters conta.ining such a. 
sca.rce a.mount of suspended solids is on1y 6.3%. 1n Tha.i1a.nd， 23.5% of river 
wa.ters conta.in 50.0-99.9 ppm; 13.4% of river wa.ters conta.in 100.0ー 199.9

ppm; a.nd 14.2% of river waters conta.in more tha.n 200.0 ppm. A11 in a.11， 
the percentage of river wa.ters containing more tha.n 50.0 ppm rea.ches 51.1% 
which is a.bout the ha.1f of a.11 river wa.ters. However， in Ja.pa.n the percenta.ge 
of river wa.ters conta.ining such a.bunda.nce is on1y 7.8% in a.11. 

Thus it ca.n be conc1uded tha.t compa.red with the river wa.ters in Ja.pa.n， 
those of Tha.i1a.nd conta.in not on1y a.bunda.nce of disso1ved solids but a.1so 
abunda.nce of turbid ma.teria1s， ha.ving the effect of supp1ying a.dditioned pro-
ductive soil to pa.ddy fie1ds from the a.gricu1tura.1 point of view. 

XI. QUANTITY OF FERTILIZING SUBST ANCES 
SUPPLIED BY RIVERS 

1n this 1a.st cha.pter， 1 will ca.1cu1a.te the qua.ntity of ferti1izing sub-
sta.nces in the rice-fie1ds supplied na.tura.lly by rivers in solution. 

1n order to do this， the vo1ume of wa.ter which is necessa.ry for the 
growth of riceー inother words， tota.1 a.mount of the 3 vo1umes of wa.ters i. e. 

the vo1ume of wa.ter 10st by the permea.tion through the soi1 of rice fie1ds， 
the vo1ume of wa.ter 10st by transpira.tion from the 1eaves of the rice a.nd the 
vo1ume of wa.ter eva.pora.ted from the surfa.ce of the rice fie1ds-must be 
ascerta.ined a.s the prerequisi te. 

However， the vo1ume of water permea.ted through the soi1 va.ries grea.tly 
depending on the na.ture of soi1 a.nd the 10ca.tion whi1e the vo1ume of wa.ter 
eva.pora.ted from the 1ea.ves of the rice a.nd the surfa.ce of the rice fie1ds shows 
grea.t difference depending on the c1ima.te， kind of ri巴ea.nd other conditions 
of cultiva.tion. 

Beca.use of these rea.sons， cxperimenta.1 resu1ts va.ry (5，500 to 22，000 cubic 
meters per one hecta.re) in spite of the fa.ct tha.t many investiga.tions a.nd 
experiments ha.ve been made concerning this prob1em for ma.ny yea.rs. 

Thus， the funda.menta1 standard of the necessa.ry vo1ume of wa.ter ha.s 

not yet been a.scerta.ined. 

However， S. Mizuta.ni (19ー)， a. former engineer of the Home Ministry， 
sia.tes tha.t the vo1ume of wa.ter which is nece関a.ryfor the growth of rice in 

the norma.1 rice fie1ds in Ja.pa.n is 0.0014-0.002 cubi巴metersper second for 

one hecta.re. If the rice fie1ds a.re irriga.ted for 100 da.ys by this vo1ume of 
wa.ter， it is巴a.1cu1a.tedtha.t about 15，000 cubic meters are nece自由aryfor one 

hecta.re of rice fie1d. (When the vo1ume of wa.ter in the rice fie1d， about 1.5 
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cm. in dep七hfor a day， is irrigated for 100 days， it巴omesto 15，000 cu bic 
meters.) Therefore， in case the amount of fertilizing substances contained in 
the irrigation water is 1 part per million， the amount of fertilizing su"hstances 
supplied for one hectare of rice field corresponds to 15kg. However， this is 
a ma旬rialin Japan and it will be unr巴asonable to a pply thi.o ma terial as i t 

is to Thailand. In vi巴w of non-existence of better materials， the amount of 
fertilizing substanc巴snaturally supplied by wat巴rsin Thailand is calcula ted 

as follows based on七hismat巴rial.

First， the maximum content of potassium is 4.4 ppm in th巴waterof the 

middle stream (at Uthai Thani) of the Ma巴 NamChao Phraya followed by 

4.3 ppm of the 8upan River and 4.2 ppm of the Phao Riv巴r.80， the quantity 
of fertilizing substance as potash (K20) amounts to 76-80 kg. for one hectare 

during the rice cultivating season. On the other hand， the minimum quan-
tities of potassium contained ar巴1.1ppm of the Nan River (at Nan) and 1.3 

ppm of the 8ai Buri Riv巴rmeaning respectively 20 kg. and 23 kg. of fertiliz-

ing substance as potash for one hectare. Thus， there are substantial differ聞

ences in the quantity supplied b巴tweenriv巴rs. However， the average con-
tent of potassium during one y巴arof 30 pla巴esscattered throughout Thai-

land being 2.5 ppm， the average quantity of potash supplied for each on巴
hectare is 45 kg. 

This figure multiplied by 5，500，000 hectares， which are the whole area 
of rice-fi日ldsin Thailand mak田 248，000，000kg.， which correspond to around 
500，000 tons of potassium sulfate. This is the quantity of potash which the 

rivers supply naturally in solution during one rice-growing season to the 
whole rice-fields in Thailand. 

As has been stated before， the av巴rage.quantity of potassium contained 

in the Thai rivers being 2 times that of Japan， Thailand is in an advan-
tageous position insofar as the rice-growing is concerned. 

By means of the sam巴巴alculationconcerning 3 kinds of nitrogen con-

tained as nitrate， ammbnia and albumilloid and converted into ammonium 

sulfate， it corresponds to 18 kg. per one hectar巴inthe average and amoun七s

to 100，000 tons for the whole rice-fields in Thailand. 
As to the quantity of silica supplied by river働 water，which is an impor-

tant fertilizing substance for strengthening the resisting power of rice against 

rice-blast， t.he maximum is 350 kg. of the Pa Sak River (at Pet巴habun)and
the Ping River (at Chiengmai) while the minimums are 95 kg. of Lake 

No時 Hanand 152 kg. of the Chi River (at Kon Khen) and the average quan-

tity of supply，巴alculatedby the simple average of 30 places， is 240 kg. 
Accordingly， silica such as 1，300，000 tons is supplied in solution during one 
rice-growing season to the whole rice-fields in Thailand. 

In addition， if the quantity of calcium巴arbonat巴 whichserves to neu-

tralize a巴idsoil (it is said that acid soil is abundant in the rice-fields in 

Thailand) is calculated from alkalinity， it is from 190 to 2，000 kg. P巴rone 
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he巴tareof fields and the average is 1，000 kg.; so it be巴omes5，500，000 tons for 
a11 the rice-fields.. 

Though the above is the result of calculation based on the assumption that 

the quantity of water nccessary for growing rice is 15，000巴ubicmeters per 

one he巴tareof the ricか field，it shows that the rivers in Thailand give unex-
pe巴tedlylarge fertilizing effe巴ton rice-growing. 

XII. CONCLUSIONS 

1) In order to ascertain the general tendency of the nature of watel' in 

Thailand， 1 have chosen 28 rivers， 21akes and 1 city water. Sample waters 

were巴o11e巴ted12 times during one year from July 15， 1956 to June 15， 1957 
and 1 repeated the chemical analysis regarding these waters. The sesult is 

shown in Table 2 and Fig. 30-32. 

2) The amount of Ca巴ontentdiffers greatly from river to river. The 

average content during the year in the Pa Sak River flowing in the eastern 

part of the central great plain巴ontains46.8 ppm while the Sai Buri River 

in the Malay peninsula contains only 1.9 ppm. The amount of Ca巴ontentin 

the Pa Sak River changes with a wide range depending on the season such 

as 73.8 ppm in the dry season and 12.1 ppm in the rainy season. In addition 

to that， the sample water目 takenin the dry season showed the decrea目e目of

Ca and alkalinity by half leaving precipitate of CaCOa while it was being 

stored in the laboratory. On the other hand， the amount of Ca content in 
the Sai Buri River showed only a change ranging from 1.1 to 2.4 ppm. 

3) The distribution of Ca in the巴ountryis shown in Fig. 2. According 

to that Figure， Ca is abundant in the central great plain (the two basins of 
the Mae Nam Chao Phraya and the Mae Klong River) and in the main 

stream of the Mae Khong River while it is scarce in tbe east coast， the Malay 
peninsula and the Korat Plateau. 

4) The content of Mg ranges within 0.7-8.6 ppm. The Mae Klong 

River is most abundant while Lake Non Han， the Chantaburi River and the 
Sai Buri River are most scar巴e.

The distribution of Mg in Thailand is shown in Fig. 4 showing not much 

differen巴ecompared with that of Ca. 

5) Rivers in the Korat Plateau contain abundance of Na due to the in-

fluence of salt oozing out from the sand stone formations in the same Plateau_ 

The Chi River flowing eastward in the center of the Korat Plateau contains 

192.9 ppm at the peak in the dry season and 3.9 ppm at the lowest in the 

rainy season as is shown in Fig. 5 indicating extremely great seasonal change. 

However， the content of Na is scar巴ein the northern and western part 

of Thailand and the Malay peninsula as is shown in the distribution chart 
Fig. 6. 

6) Among the average content of K during one year， 4.4 ppm is the 
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highest va1ue， and 1.1 tpm is the 10west. Its distribution is shown in Fig. 7 

whi巴hshows that potassium i自 abundantin the basin of the Mae Nam Chao 

Phraya， the principa1 rice producing area in Thai1and and the Korat P1ateau 

whi1e it is scarce in other areas. 

7) A1ka1inity (HCO~) is highest in the Pa Sak River as in the case of Ca 
content. Its seasona1 change is shown in Fig. 3 indicating 256.8 ppm at the 

peak and 50.7 ppm at the 10west. The distribution of a1ka1inity in Thai1and 

is shown in Fig. 8 indi巴atingthat the amount is abundant in the巴entra1

great p1ain and is s巴arcein the Korat P1ateau， the east coast and the Ma1ay 
peninsu1a. The distribution of a1ka1inity is about the same as in the case of 
Ca. 

8) 17.1 ppm which is the quantity of S04巴ontained in the Mae Khong 

River at Chiengsan， the northern most part in Thai1and is most abundant 
except the city water of Bangkok. The distribution of S04 in Thai1and is 

shown in Fig. 9 indi巴atingthat 18 out of 31 p1ac伺 investigatedhave di1ute 

waters containing 1ess than 1.9 ppm. 

9) The rivers in the Korat P1ateau contain abundan巴eof C1 as in the 

case of Na. Among these， va1ues in the dry season of the Chi River (at Kon 
Khen) and the Mun River (at Surin) are extreme1y abundant. Therefore， it 
is conc1uded that the p1ace where the rivers in the Korat P1ateau are most 

inf1uenced by rock sa1t is 10cated near Kon Khen and Surin. 

The seasona1 change of the amount of C1 content of the Chi River is 

shown in Fig. 5 showing wide l'ange of change such as 312.5 ppm at the peak 

in the dry season and 4.7 ppm at the 10west in the rainy season. 

On the other hand， C1 content in the northern and western part of the 
eentra1 great p1ain and the Ma1ay peninsu1a is scarce as is shown in the dis-

tribution of C1 in Thai1and in Fig. 10. This is especially so in the case of the 

rivers Ping， Yom and Wang indicating that the average content during the 

year is on1y 0.5-0.8 ppm. 

10) The average content of Si02 during the year is within the range of 

6.3-23.7 ppm. As is shown in Fig. 11 it is abundant in the basin of the 

Mae Nam Chao Pbraya， the principa1 ri巴eproducing area in Thailand and 

is scar巴ein the Korat P1ateau， the east coast and the Ma1ay peninsu1a. 
11) The quantity of disso1ved solids is most abundant in the Chi River 

which巴ontainsabundan巴eof sa1t content showing the figure of 244.7 ppm 

and in the Pa Sak River which contains abundance of Ca and a1ka1inity 

:showing the figure of 182.3 ppm， while 35.3 ppm in the Sai Buri River in the 
Ma1ay peninsu1a and 36.5 ppm in the Chantaburi River in the east coast are 

:most scar巴e. The distribution of disso1ved solids in Thai1and is shown in 

Fig. 12 which indi巴atesthe tendency of the east coast and the Ma1ay penin-

:su1a being s巴arceand other areas being abundant. 

12) The distribution of suspended solids is shown in Fig. 13 which in-

d.icates that the amount in the basin of the Mae Nam Chao Phraya and the 
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main stream of the Mae Khong River is abundant and that of the Malay 

peninsula is scar巴e.

The changes during the year of the Nan River which has the highest 

are shown in Fig. 14 indicating remarkable changes of 1，436.4 ppm at the 

peak in the rainy season and 28.8 ppm at the lowest in the dry season. On the 

other hand， the 8ai Buri River whi巴hcontains scarce amount of suspended 

solids shows 82.6 ppm at the peak and 8.9 ppm at the lowest. 

13) 1n order to ascertain the difference of metals contai.ned in the sus-

pended sOlids， spectrophotogram is shown in Fig. 20 which indicates that in 
the three rivers， Pa 8ak， Kwae Noi and Mae Klong， calcium carbonate is 
flowing in the form of solid objects not ent!irely dissolved and also there is 

tin in the Kwae Noi River， silver in the Tapi River in abundance. 
14) The tendency of turbidity corresponds roughly to that of the sus-

pended solids. Th白 turbidityin the Nan River is most abundant and the 

waters in the rivers and lakes in the peninsula are clear and transparent. 

15) pH ranges between 5.9 as the lowest and 7.1 as the highest. 1nspite 

of the big influence of lime rock， the rivers showing weak acid reaction are 
predominantly numerous due to the influence of organic matters. J.主mong31 

places investigated， those showing less than pH 6.8 numbers 23. 

16) The characteristics of the two basins of the Mae Nam Chao Phraya 

and the Mae Klong River both flowing in the central great plain are the 

abundance of Ca and alkalinity and the remarkable influence of lime rock 

extending over wide areas. 1n addition， K and 8i02 which are important 

components for agriculture are abundant in the basin of the Mae Nam Chao 

Phraya and also Mg is abundant in the Mae Klong River. 

On the other hand， scarcity of Cl and 804 is another characteristic of 
these two basini. 

17) Compared with the average waters in Thailand， the Mae Khong 
River contains not only rema.rkably abundant amount of 804 but also abounds 

in Ca， Mg， alkalinity， suspended solids etc. and contains scar巴eamount of 

Na， K， and Cl. 
While the Mae Khong River flows along the frontier of Thailand， Ca 

decreases from 32.1 to 26.8 ppm; HCOa decreases from 116.9 to 100.3 ppm; 

804 decreases from 17.1 to 12.2 ppm; and dissol ved solids decreases from 

145.3 to 124.3 ppm. Thus there is the tendepcy of salts becoming gradually 

scarcer， and it is my opinion that this tendency is due to the confluence with 

branch ri vers wi th scar巴econtent. 1n addition， while it flows downstream 
the tenden巴yis noticed that suspended solids and turbidity decrease making 
the water clearer and more tran日parent.

18) The amount of mineral matters carried in solution in the Mae 

Khong River at Nongkai (near the opposite side of Vientiane， the capitalof 

Laos) located 1，500 km. up stream from its river mouth is 0.65 ton per second 
amounting to 20，500，000 tons if accumulated on a yearly ba自is.
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This amount corresponds to more than 16 times of 1，250，000 tons of 
mineral matters carried in solution during one year in the Tone River， the 
largest river in Japan. However， if this amount is divided by 287，000 km2

• 

which is the size of the basin at Nongkai， the amount of mineral matters， 
flowing out during one year per 1 km2

• of land is 71 tons. Comparing this 

figure with 80 tons of the Tone River and 220 tons of the Oyodo River in the 

Miyazaki Prefecture located in the south.western part of Japan， it巴anbe 

known that the dissolution of land in the Mae Khong River is progressing 

ra ther slow ly. 

19) Due to the effect of monsoon， the year is distinctly divided into the 
rainy season and the dry season in Thailand. Dissolved salts become re-

markably con巴entratedin the dry season while they be巴omedilute in the 

rainy season. The seasonal changes in the Mae Khong River are shown in 

Fig. 15; the seasonal changes in tho Mun River in tho Korat Plateau are 

shown in Fig. 16; and the巴hangesof the nature of water in the Mae Nam 

Chao Phraya and the Ping River are shown respe巴tivelyin Fig. 17 and 

Fig. 18. 
20) Among dissolved constituents in the Mun River whi巴his aff問 ted

by rock salt， those showing the sharpest increase or decreaso depending on 
the season are Na and Cl with a density at the peak 20 times higher than 

that at the lowest. Ca， HCOJ show 6-7 times in differen巴eand SiOz shows 

only about 2 times. Thus the seasonal巴hangesare not uniform depending on 

the constituents. The order is Na， Cl > Ca， HCOJ > Si02・
The order in the Mae Khong River which abounds in the sulfate content 

is SO~， Cl， Na > Mg， Ca， HCOJ> Si02・ Thusthe seasonal changes of Si02 

are tho smallest. 

21) The seasonal changes in the Sai Buri River in the southern most part 

of the Malay peninsula are shown in Fig. 19. 

Due to the effect of the ocean weather accompanying large amount of 

rain， various dissol ved 巴onstituentsare dilute throughout the year， and 
there are no regular changes depending on the dry or rainy season as seen in 

other areas. 

The average巴ontentof CI during one year in the Sai Buri River is only 

1.1 ppm showing slight effect of salts巴arriodby the monsoon from the 0巴ean.

22) 1n order to ascertain the difference of the nature of water in Thai-

land and Japan， the comparison of the relationship between the density of 
respective constituents and the fr何回ncyof river waters is shown in Table 

3-11 and Fig. 21-29. 
23) Fig. 21 and Fig. 24 show the comparison of calcium content and 

alkalinity between the two countries. 

The average amount of Ca content in 382 rivers in Japan is 9.5 ppm as 

against 19.8 ppm of the average in Thailand whi巴his the dou ble of tha t in 

Japan. The amount of HCOJ in Japan is 32.3 ppm as against 82.6 ppm whi巴h

• 
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is 2.5 times of Japan. 

Thus the influence of lime rock on river waters is far greater in Thailand 

than in Japan and the waters in Thailand have strong power to neutralize 

acidity. 

Oontrary to cal巴iumand alkalinity， sulfate is remarkably abundant in 

Japan， as is shown in Fig. 25. Tbe average amount of SO~ 巴ontent in Japan 

is 14.0 ppm which is more than 4 times of the Thai av白rageof 3.3 ppm. Japan 

is a special volcanic country， where rivers with abundance of sulfate and 
showing strong acidity are distributed. 

24) Fig. 23 shows the巴ompari且Qnof potassium content between the two 

巴ountries.The total average巴ontentof K in rivers in Japan is 1.3 ppm as 

against the Thai average of 2.5 ppm which is the double of that in Japan. 

This means that it is very advantageous for growing rice in Thailand. In 

addition， the comparative rate of K/Na is higher in Thailand than in Japan. 
25) The average content of 01 in Japanese rivers is 6.4 ppm as against 

the Thai average of 12.7 ppm. However， rivers containing abundan巴eof 01 

in Thailand are limited to those in the Korat Plateau. If巴alculationis made 

omitting the Korat Plateau which is a peculiar area巴ontainingrock salt 

formations， the average figure for Tbailand will be 4.7 ppm showing the 
amount is abundant in Japan which is surrounded by the sea and is affected 

by salt carried by the wind. 

26) The cOntent of PO~ at 30 places from among 31 places investigated 

in Thailand is 0.00-0.01 ppm. It is my opinion that the amount of phosphate 

content is scarcer in Thailand than in Japan due to the circumstances that 

rivers flow throUgh tropical red soil containing abundance of iron. 

27) The average amount of Si02 content in Japan is 21.6 ppm while that 

in Thailand is 16.0 ppm showing that the amount is abundant in volcanic 

Japan. 

28) The amount of KMnO~ consumed and albuminoid nitrogen are 

more abundant in Thailand than in Japan with the tendency of containing 

abundance of organic matters. 

29) The average content of dissolved solids in Japan is 85.3 ppm as 

against Thailand's 115.2 ppm. Thus Japanese waters are dilute and those 

of Thailand are巴oncentrated.

30) The content of suspended solids is far more abundant in Thai waters 

as is shown in Fig. 29， and also turbidity is higher in Thailand. 1 am of the 

opinion that from the agri巴ulturalpoint of view Thai waters have gr開 t

effe巴tof supplying additioned productive soil to paddy fieldlo1 compared with 
clear and transparent waters in Japan. 

31) When the volume of ne巴essarywater for one hectare of rice.fields 

during one rice.growing season is assumed as 15，000巴ubicmeters， the quan-
tity of fertilizing substances supplied in solution by rivers is as follows 

though there are differences between rivers. 
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Potash (K~O) is from 20 to 80 kg. per one hectare of fields and its average 

()f 30 places is 45kg.; silica from 95 to 350 kg.， its average 240 kg.; calcium 
-carbonate from 190 to 2，000kg. and its average is 1，000kg. If estimated on 
the whole rice-field area of 5，500，000 hectares in Thailand， potash is 500，000 

tons calculated as potassium sulfate; nitrogen is 100，000 tons calculated as 
ammonium sulfate; silica is 1，300，000 tons; and calcium carbonate is as 

much as 5，500，000 tons. 
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