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A Natural Regularity on the Distribution of Chemical Elements in the Biosphere

Toshio YAMAMOTO, Ken-ichi OKAMOTO, Yukiko OTSUKA
and Kazumasa AOYAMA
Department of Chemistry, Kyoto University of Education

A systematic study of 44 elements in various Japanese seaweeds was carried out
by chemical and neutron activation analyses. Marine phytoplankton, marine zoo-
plankton and freshwater angiosperms were analyzed for comparative data. A method
to compare multi-element data in many samples by the seawater concentration and
ocean residence time of the element is proposed. Since the geochemical behavior
of the elements is based on atomic properties, general similarity are observed among
elemental compositions of many biogeochemical substances. The logarithmic correla-
tion coefficients for several biological and geological materials with respect to element
abundances were calculated. In this calcultion, if the elemental concentration of the
geochemical substances are normalized by those of seawater, the values of the correla-
tion coefficients generally increase. The correlation seems to bé due to the fact that
the ocean has an important relationship with all organisms and their enviromental

substances.
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Table 1. The range of concentrations of elements in Japanese seaweeds

- f S. D.
Element i‘:nn;?:; © Minimum#* Maxmum* ~  Mean* " I?/Ielz?n
B 102 1.0x10"" - 3.37x10% 9.9 x10! 0.62
Na 90 2.0x102 6.66x10% 9.6 x103 0.92
Mg 114 - 3.0x10? . 5.34x10% 1.13x10° 0.76
Al 161 2.6x10! 5.7 x10° 6.97x102 1.3
Si 35 4.4x10° 2.18x10* 4.78x10° 1.1
P 53 2.0x102 2.8 x10° 1.05x10° 0.43
cl 24 2.7x10% 3.4 x10* 3.7 x10° 1.9
K 87 3.0x10> 4.6 x10° 1.25x10% 0.78
Ca 129 2.8x10° 3.16x10° 2.04x10% 1.9
Sc 52 1.1x1072 6.5 3.15x107! 2.9
Ti 53 1.8 1.78x102 3.51x10" 1.1
\' 76 2.8x107! 1.1 x10! 3.65 1.2
Cr 88 2.6x107! 7.3 1.68 0.79
Mn 115 4 1.2 x10° 1.04x10? 1.3
Fe 215 ~2.5x10! . 3.41x10° 5.42x10?% 1.2
Co 107 4.3x107? 4.54 7.4 x107! 0.89
Ni 77 1.1x107! 8.62 2.67 0.72
Cu 66 6.1 2.77x10" 1.39x10! 0.40
Zn 135 1.7x10" 6.8 x10? 1.45x10* ~ 0.79
Ga 58 2 x1072 6.4 x107! 1.4 x107! 0.89
As 43 1.2 1.3 x10? 2.4 x10? 1.4
Se 17 1.5x1072 3.6 x107! 1.4 x107! 0.74
Br 51 2.7 7.4 x102 1.8 x10? 1.0
Rb 52 4:1x107! 2.6 x10! 6.9 0.82
Sr 90 2.0x10! 1.15x10° 1.19x10° 1.4
Mo 73 6 x1072 1.16 3.4 x107! 0.71
Ag 17 6.8x1072 7.7 x107! 2.6 x107! 0.92
Sb 33 4.0x107? 6.1 3.6 x107! 2.9
I 14 1.4x10! 2.42x103 4.34x10? 1.5
Cs 51 1.0x1072 3.5 x107! 9.3 x1072 1.1
Ba 35 5.8 6.4 x10' 3.0 x10! 0.47
La 23 8.9x1072 2.0 7.6 x107! 0.69
Ce 46 9.0x1072 5.3 1.2 1.0
Sm 27 1.0x1072 43 x107! 1.4 x107! 0.76
Eu 51 1.2x1073 8.6 x1072 1.8 x1072 1.1
Tb 17 6.4x1073 7.4 x1072 2.7 x1072 0.78
Yb 12 2.3x1072 2.1 x107! 8.8 x107* 061
Lu 13 6.1x107* 4.8 x107? 2.0 x1072 0.77
Hf 26 1.2x1072 5.5 x107! 1.8 x107! 0.90
Ta 7 5.8x1073 7.7 x1072 3.8 x1072 0.64
Hg 9 5.7x1073 2.9 x10™! 1.1 x107! 1.1
Pb 2 7 1.2 x10! 1.0 x10* 0.37
Th 43 1.8x1073 6.9 x107! 1.8 x107! 1.1
U 17 1.6x1071 7.1 1.1 1.6

(* mg/Kg dried material)
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Table 2. Relation between element concentration factor (y) and the oceanic residence time (x)
for selected organisms

Biological Number Correlation Data
group log a b of samples coefficient source
Seaweeds 7.7 —1.05 119 -0.96 This work
Seaweeds 7.7 -1.06 65 -0.93 9-16
Brackish seaweeds 8.0 —1.05 6 -0.96 17
Marine plankton 9.8 —1.35 16 —-0.97 This work
Zooplankton 8.1 —-1.16 39 —-0.95 This work

Angiosperms 8.9 —1.24 8 -0.96 This work

logy =loga+blogx
log a : intercept on y axis,
b : slope of line
The method of data analysis was applied to the samples for more than seven elements
whose ocean residence times are known.
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Table 3. Correlation coefficients between log U and log V

u 2 3 4 5 6 7 8 9
\ .
1 Seaweeds 1.00
2 Kale 0.94 1.00
3 Holothuria 0.94 0.84 1.00
4 Marine phy- 0.71 0.53 0.26 1.00
toplankton
5 Marine zoo- 0.90 0.83 0.86 0.79 1.00
plankton
6 Stream water 0.95 0.90 0.79 0.72 0.76 1.00
7 Crustal rock 0.80 0.77 0.45 0.79 0.64 0.81 1.00
8 Chondrite 0.51 0.66 0.36 0.68 0.52 0.67 0.83 1.00
9 Shallow wa- 0.82 0.72 0.67 0.70 0.48 0.87 0.88 0.58 1.00
ter sediments

U : elemental concentration of a geochemical substance
V : elemental concentration another geochemical substance

Table 4. Correlation coefficients between log U/W and log V/W

u 1 2 3 4 5 6 7 8 9
\%
1 Seaweeds 1.00
2 Kale 0.96 1.00
3 Holothuria 0.99 0.96 1.00
4 Marine phy- 0.98 0.94 0.96 1.00
toplankton
5 Marine zoo- 0.99 0.97 0.99 0.98 1.00
plankton i
6 Stream water 0.97 091  0.95 0.96 0.95 1.00
7 Crustal rock 0.95 0.88 0.91 0.96 0.94 0.91 1.00
8 Chondrite 0.89 0.86 0.86 0.94 0.93 0.87 0.92 1.00
9 Shallow wa- 0.97 0.91 0.94 0.97 0.95 0.98 0.97 0.92 1.00
ter sediments

U : elemental concentration of a geochemical substance
V : elemental concentration another geochemical substance
W : elemental concentration of seawater
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