
Q U A N T I T A T I V E  D I S T R I B U T I O N  O F  C H E M I C A L  E I』E M E N T S I N  T H E  S E A  W A T E R  

B y  l\lasayo~hi Ishibashi 

F 四 ulty of Science. K yoto  U ni匹 rsily, Kyoto, Japan 

R6Sllm6 

t.n  trud i,int la distribution  quantitative d('s c'.lc・ments 
cl,imiques dans l'eau Je mer,  1¥1. Ishibashi er  ses collabur,1-
reurs ont cuns1ar.:• l',:xisrence Jes  relations car~CtLri sriquc·s 
suivantcs 

J. I.a  rcneur en c'.・lc'.・menrs appartenant 1  un mi-，m e  groupe 
de la classificariun  p<'.・riodique est <l'autanr plus foible quc: le 
num~ro atonヽ ique de 1・acmeoc consider.'.: est plus clevc:, fait 
que l'on pcut mcttrc en lumi~re en porranr le log:u:irhme J c• 

O n  the w a y  to systematic research o n  the 
elements<lissolved in the sea water, Ishibashi an<l 

b  millimolc  par litre J •e~u Jc m er  en  orJonnc'.-e ct  le  n u mero 
awmiquc en abscisヽ c

2. In じortant en  orJonnL・c le Iし）gJri[hme du rapport 
d  c l3  [cncur d  c  l'c;9u d  c  m a  (•n un  ccrn in 鉗 ment a  la 
rencur  dc la  croi[C [crrestrc cn ce ml•• me t•Il’·men t, et en 
abscisse le J)(）［c-ntid d'ionisation Jc  cct  J(_-ment,  on  obtienc 
une courbe caracc~ristique qu'il a  J.'.:ciJ.'.: <l'a  ppeler "  courbe 
de  rapport J'cxistcnce ". 

co-workers have  found the regularities existing a m o n g  
these elements as follows. 

I. Relation between Atomic N u m her  n n d  the A m o u n t  of F.lem ent!'I 

In the first place, w e  rook only quantities of ele-
menr~ in the sea water for consideration anJ found a  
regular rclarion l)ctween the quanrities  of lhe elements 
and their  atomic  numhers 'l. A s  s h o wn  in Table 1, 
the quantity of the elements in the s a m e  family of 
the per叫 IL̀ syべr e m Jccreased  as rhe atomic number 

increases. This rate of Jecrease  gives a  straight line 
in rhe case of  alkali-, alkali earths-, an<l halogen ele-
m ent．ヽ B ue h y  rlie elements of the first position in 
the、a me g r()up, sし1ch a．ヽ lirh_ium,_ flu o r i~e- anJ_  beryl-
lium,  they sho w  c1llite exceptional quantities, just as 
they  do  in their c h e m ical  and physical properties. 

Table 1  

Flc mcn1s Atomic N u m bers g/L m .m /L  Jog m .m .  
F  ， 0. 000822 0.  0-13 -1. 367  (Carnot) 

0. 001-1  0.  74 -0. 131 (Waccenberg) 
Cl 17 18.  42 519.6 2. 71567 
Br 15 0.  063 0.  79 ←0. 102  
I  う｝ 0.()()()()5 (） 00038 -3.  420 
At 85 
Li 3  0.  ()()()2 0  (）2(） -1.  538 (lshibasl11) 
N a  II 10.  16  412 o  2.635 
K  19  o.  37  リ 1 0.973 
R b  37  }  •1 1  0-̀  l) （)()5 -2. 3  (Ishibashi) 
Cs 55 }  ・ I  l  (）―≪ .¥ JO -", --1. 5  (Ishibashi) 
l:r  87  
Uc 4  3  10-8  ・ i  l  (）―1  :  -5. •I (Ishibashi) 

(•I I()一；） (6 l(）一'' ) (-• i.  3) 
M g  12  1. 2  I  51  U  I. 7（沼
Ca 20 (） i(J 10 0  I  0()0 
Sr .lK 0  OJ I  (） 1  5  -（） 82  i  
Ba ぅ6 0.0002  0  001 '， -2 R2-1  
Ra 88 n  10 -13 n  10- 1  3  -12  -13  

Reprinted fro m  Proceedings of the Unesco Symposium on Physical Oceanography, 175 - 178  (1955) 
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Q11antitati11e  dis/riし'‘lion of cl1e11rfca、elりmenls in th.;,以a watzr 
rig. 1. The regular relation between the quantities of elements and atomic nt1rnhcrヽ
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A s  seen in the Fig. 1, w e  used the quantities 
proportional to the atomic number, that is, milli 
m o l  (m. m.). A n d  w e  rook irs c o m m o n  logarithm 
for ordinate and atomic number for abscissa. 

Considering that the ciuamity of elements Jrs・
solved in rhe se:i water is dt・pendenc o n  the degree 
of facility of their delivery from land by water, it is 
assumed from a  global point of view that the perio<li-
cal characrer of chemical and physical property of 
atom itself would be found, a oヽ n e of its manifesta-
tions between the c111amiry of the elements in the ~ea 
water an<l their atomic numbers. In dealing with 

such great source as the ocean, scacistical law of 
great number ( G図 cz der grossen Zahlen) would 
be applied rather satisfactorily. Moreover, in the 
system of strong uniformity such as the sea water,  
totality of each in<liviJual analysis value is far 
superior ro that of cases o n  land. This fact, coo, 
is the main cause of regularity recognize<l by us. 
Thus consiJering, in geo(..hernical arguments, its 
fundamental q⑬ ntity of the elements shoul<l rather 
be Jealt from the scanJpoinc of the quantity rational 
to their atomic number ( m.  m .)  than from weight 
percentage. 

IL Hclntion 恥 twccnt Jonie Potential a n d  the A m o u n t  of ElementR~) 

Thus i~ ~revious_ case, w e  have tak_e~ oりly
quantities of elements insは water into consiJerarion 
anJ nor those of earth's crust in connection with 
sea-water. Hur in this case the latter has also been 

taken into consiJerarion. 
In table 2  the data concerning the elements 

existing in sea water and in the earth', crust are 
listeJ. 

Table 2.  

1・91cmぐll[ Sca-W3(cr lanh's CruSI 1・lemenc Sea-wa【er l・arth's Crust 
・rl  I、 劣 Î /  1、 ？ヽ

Ii 120  6 x 10-• G e  6  5 X  10-、
Be l‘< 1  (） ？ 6  :/、 1(）一4 As 5  5 X  10-、
B  ・I. G ゾ 10" I  X  IO-9  Se 4  1x 10- • 
I: 1.  4メ l(P 3X  IO-2 Hr 6  5  X  I  Ò  6 X  
N a  l  0~ "'. 1()7 2. 61 R b  200 3 X  IO-2 
Mil, 1. 28 .Y、JO" I  96 Sr l  3 X  IO' 2x10-2 
Al IO 7.  ~6 Y  0  3  3 X  J0-3 
Si 2  ;,  101  29 8  Zr 2 X  IO-2 
ド 3(） 8  X  I(）-2  N b  2x10-, 
s  9ゾ 10・・ 6ス1(）一2 M (） 15 1  3 X  10-~ 
Cl l  8')‘ぺl(）7 0. J') 'IC 1x 10-' 
k  1  8 ,  1  (）‘ 2, 4  Ru ぅX 10 -~ 
Ca 4  1  1  <  l  (） :' 3  3(） Rh 1x 10-7  
Sc I  l  l  -2  ~X JO-、 Pd IX  JO-、
78 (42) 海洋化学研究 2 ,  2  (1987) 



Q u nヽtitatfre distribution of chemical elements in the s.a u:ata 

Table 2. (continued) 

t;Jement Sea-water l・uth's Crust )・、lcmcnt Sea-water Earth's Cruse 
')'/L 劣 -y/L 劣

Ti 0.4  0.46 A g  0.3 1  X  10-5 
V  1.  5  `X  !0 -2  1. C d  5 X  10-3 5X  10-＆ 
Cr 6x10-2 2 X  10-2 In l  X  10-0 
M n  3  9 X  10-2 Sn 4  X  IO-3 
Fe ぅ 4. 7  Sb 5 x  10-5 
C o  0  4 x 10-s  T e  2 x 1 0 -1  
Ni 1  1メ10-" I  0. 5  3x10- ,  
C u  3  1〉'. 10-0 Cs 2  7 X  10- 1  
Z n  ぅ 4‘/ 10 • 3  B.1 50 2. 3  X  10- 3  
Ca 1、̂'. 1  (） - 3  I.a 0.,, 1  8  ̂̀＇10-J C e  0  4  4. 5ン'. I  O- 3  ¥ V  0. l  6ス10-9
Pr 5ン'10 → 9  R e  1  X  IO - T  
N d  2.2x10-3  O s  3  ;< 10 - 7  
S m  6 X  IO -、 It l  /、 10 7  

l・u  l ,< 10-• l)[ 5人 10- 1
C d  6ス1 0 , A u  4  x  l0-I  51/ IO 1  
•Ib 8 X  10 -5 H g  3 x  10 :  2/. 10 5  
D y  ・i  x  10-、 •rl 3  X  IO-5  
H o  1  X  10ーヽ P b  4  1.  5X  IO-3  
I  r  2 X  lO-、 Bi 2  X  IO- 5  

2  `X  10 -s  Po ,  i,<  1  (） •- 9  
YI) 2. 5 X  10 -· • R a  1  /.. 10- 1  1. 4人 10 -10 
Ju 7‘1/. 10 --5 A c  4 /. IO-"  
H f  4メ 10 -9 T h  0. 1  1. 2  /、10 3  
•ra 1  X  10-a Pa /. 10- 11 

u  1.5 、i x 10-、
Fig. 2. Existing ratio cune. 
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Setting forth rhe a m o u n t  o f  a n  element in the 
sea-water or in the e:irtl,'s crust with weight pr::-r-
cenrage, anJ raking the logarirlim o f  the ratio of 
t w o  weight percentages to the s a m e  d,-•mcr1t for 
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Ionic polenl1al 

叫 inate and ionic potential for abscissa, w e  obtain 
the graph o f  the relati o n  as sh()＼しn in fig. 2. A s  
seen in it, the ratio is presenteJ with a  cur1・e,I line 
rtlation against ioni¥...potential. W t  n a m c J  it "1ふ

(43) 79 
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1stmg ratio curve." A n J  it should L e  tak.c.:n into 
consideration that almost the prinいl)，ll clC111C11[S of 
sea-water, namely alkali-, alkali earth- anJ halogen-
elements, are deviareJ from the curve. 

A s  y o u  have seen, another curved line rdat1011 
s h o w n  b y  the dotted line in Fig. 2,,111cl l'aI、ll leI to 
the former line, is o LscrveJ 、IIIIOllg しI, N.1, K. l¥1 g, 
U, U ,  anJ so on. 

A ssumption for the A m o u n t  o!'l-.lunutt 111 況 l-¥` ；II CI.  
l  f  w c  assumc tlut l  I  IC l  c•Iilt l¥＇1  1  :、IM) ¥＼ ll l  l  l  l•• 1じ． 2

、Il w.l ysl il)kls g`）し）d．the.ulll)unt of clCIllClltS lI ISSolvt•J 
in sea-water as well as yet unJeter111ined a m o u n t  of 
s o m e  elements are obtaineJ b y  calculation. Anti 
these (..alculateJ values are s h u w n  in Table 3. O f  
L.oursc thcre are  sccn S(）llle d  i  itCrenl.cs belwccll l  lに
LJUantilieJ values a n d  the <.:alculateJ ones. 

¥'<le m a d e  use of the Jata mentionc:J in table: ~ 
as fur tl1e a111ounr of elements in the sea-water 、Ind
i  t  mllSt 1~e takcn  l  Iltl) iIm(）Unt th,It t(） SOlll?  C.＼lClll 

m o r e  or lcss 山 ilcre11t arc av、ulalヽ lc ro us as 
I.l)1. t  l  IL. t  ralL. clClllClllS. 

Table .¥.  

C:alcuhtcd from C.ucul~tcJ from Calculatc<l from 
I  lcrnent tl cヽ rcgul.,rity l・lcmcnt the regularity 1  lcm<'nt the regularity 

ッ／I. 't/L -y/1. 
Si 2. 9  X  IO •9 Al 8  Fe 8. 5  
Ca }.5 ;< 10"  N a  2.  I X  101 K  3. 08 X  I  (l・I  
M g  5. 6'1 X  10• 0. 65 Cl l.65 X lfl1 
M n "  28. 8  I) う． 2 X 101 s  4 X  IO; 
M n 3  0  2う R b  ．ヽ． 7 8 X 102 13a 80 
F  2. 2ス10:I Sr 78 N i  l. 5  
r,r 0.03 C u  H O.  6) Li l') 
V 日 0. 3  7.n 1  2  Y  0.  ・'  
V ・1° 11 l'h  3. 2  M o  14 (13) 
C c  0.8 I¥ 400 Cs 9. 8  
1,a  0.  3  Sc 0.02 u  0.00~ 
Tlヽ 0  0•I H g  0.006 Be 0  ()(）（‘，， 
As 16 A u  0. u)6 Be 0  ()(J1_16 
I  2  C o  G a  0. OOl 
Sc 7  N b  u. 00'.! P d  U  00()()1 
Zr 0. 002 Sn 0. 00-1 Sb 0. 01'i 
G e  0.  2  l'r 0. 16 N d  0.) 
C d  0. （）4  5  G d  0.06 D y  (） 0ぅ
•rc 0. (>09 H f  0.0005 '「a 0.01 
R a  2. 5  X  l0-7 R e  0  01 (）s  3  /  ]0 -I  
Lu 0. 007 0. 003(0. 003) Bi l)．0(：(I.｝ 
w  0.,i l・u 0.6  Y b  o.o::'., 
Ir lX  t0-7  Pc 1  X  10 咽

S u m m i t r y  

l. Hased o n  the  analysis  value already qu:111t1-
恥 I h y  other writers a n d  o n  that dct crmirn:d b y  tlic 
writers'research, regularity of tlie relation hetwc~·n 
the quantity of the elements Jissoi叫 in the 和 1-
、、acer a n J  their atomic n u mSers ＼ヽ．lS {uull(1. 

2. T h e  relation between the r、1tio of a m o u n t  of 
a n  elem,_・nt dissolv叫 In  se;l \\•;l of l  l  le s,uIIC cl :・-
nた m i11 t厨 c.urll'．s  cruse waS l(＇11 <  1占 re,I, and ~,;Slllll· 

80 (44) 

ing that 1u111c potential presents, o n  the wl1ule, the 
clwracters of a n  clement, a  regularity bct¥1(・.n  the 
r、nio of the a m o u n t  o f  a n  elemt'nt in sea water to 
that of the s a m e  element in the earths'cn:st a nd  
叫 ic rotential w a s  found. A n d  the amounts 01 
s o m e  elements in sea water were calculacぃI from 
I  he rcgu l3n  ry.  
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