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The Regurality on the Contents of Minor and Trace Elements in Seaweeds

Toshio YAMAMOTO and Hiroko TABATA
Department of Chemistry, Kyoto University of Education

A systematic study of 44 elements in various Japanese seaweeds has been carried
out by chemical and neutron activation analyses. A method of data analysis based on
the relationship between the concentration factor for the element in a seaweed and
its oceanic residence time was applied to the analytical results. For a general survey
of the distribution of chemical elements in seaweeds, statistical treatment of each

element in individual samples was performed.
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Table 1. The range of contents of elements in Japanese seaweeds

( * mg/Kg dry matter )

Element Number of Minimum#* Maximum * Mean* S.D.
samples Mean
B 102 10 337 99 0.62
Na 90 200 6.66 x 10% 9600 0.92
Mg 114 300 5.34 x 10% 1.13x 104 0.76
Al 161 26 5700 697 1.3
Si 35 440 2.182 x 104 4780 1.1
P 53 200 2800 1050 0.43
cl 24 270 3.4 x 10% 3700 1.9
K 87 300 4.6 x 104 1.25 x 104 0.78
Ca 129 2800 3.16 x 10° 2.04 x 104 1.9
Sc 52 1.1x1072 6.5 3.15x 107! 2.9
Ti 53 1.8 178 35.1 1.1
\Y% 76 0.28 11.0 3.65 1.2
Cr 88 0.26 7.3 1.68 0.79
Mn 115 4 1200 104 1.3
Fe 215 25 3410 542 1.2
Co 107 43 x 1072 4.54 0.74 0.89
Ni 77 0.11 8.62 2.67 0.72
Cu 66 6.1 27.7 13.9 0.40
Zn 135 17 680 145 0.79
Ga 58 0.02 " 0.64 0.14 0.89
As 43 1.2 130 24 1.4
Se 17 1.5x1072 0.36 0.14 0.74
Br 51 2.7 740 180 1.0
Rb 52 0.41 26 6.9 0.82
St 90 20 1.15x 10* 1190 1.4
Mo 73 0.06 1.16 0.34 0.71
Ag 17 6.8x 1072 0.77 0.26 0.92
Sb 33 4.0x 1072 6.1 0.36 2.9
I 14 14 2420 434 1.5
Cs 51 1.0x 1072 0.35 9.3 x 1072 1.1
Ba 35 5.8 64 30 0.47
La 23 8.9 x 1072 2.0 0.76 0.69
Ce 46 9.0x 1072 5.3 1.2 1.0
Sm 27 1.0x 1072 0.43 0.14 0.76
Eu ©os1 1.2x 1073 8.6 x 1072 1.8x 1072 1.1
Tb 17 64x1073 7.4 x 1072 2.7 x 1072 0.78
Yb 12 23x1072 0.21 8.8 x 1072 0.61
Lu 13 6.1x107% 4.8 x 1072 2.0x 1072 0.77
Hf 26 1.2x1072 0.55 0.18 0.90
Ta 7 58x 1073 7.7 x 1072 3.8x 1072 0.64
Hg 9 5.7x 1073 0.29 0.11 1.1
Pb 2 7 4 12 10 0.37
Th 43 1.8x 1073 0.69 0.18 1.1
U 17 0.16 7.1 1.1 1.6

Table 1 shows a summary of the content of each element for individual samples. Values are
arranged in the order of atomic number of element.
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Table 2. The range of the values of data analysis on Japanese seaweeds

Values of Nﬁmber of Standard deviation
Minimum Maximum Mean
data analysis Samples Mean
oyl 121 0.82 0.98 0.92 - 0.038
(correlation
coefficient)
log a 121 5.2 8.6 7.0 0.097

(the intercept
on the y axis)

b 121 -1.2 -0.63 ~-0.94 -0.13
(the slope of
the straight line)

The method of data analysis (See Fig. 2 and 3) was applied to individual samples which have
been analyzed for more than seven elements whose oceanic residence time are known. The results
are summarized in Table 2 and 3.

From the values of log a, b and |y |, we can gain a general view on the distribution of elements
in each sample.
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(1) Oceanic Residence Time : X —= —B
(B4t )

A * the total amount of the element dissolved or suspension
in the ocean

%t . the amount intvoduced or precipitated per unit time (year)

(2) Concentration Factor : Y4

ppm in fresh seaweed
ppm in sea watey for the element concerned

Y =
(assuming that the seaweeds contain 75 % watey )

Fig. 1. Definitions of oceanic residence time and concentration factor
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Table 3. The range of y/y, values on Japanese seaweeds

v/y,: the ratio of the measured concentration for each element with respect to the calculated
theoretical concentration

Element Number of Minimum Maximum Mean Standard deviation
samples Mean
B 42 0.85 13 2.8 0.81
Na 84 0.044 2.0 0.43 0.81
Mg 98 0.16 9.7 1.1 1.3
Al 78 0.12 3.9 0.99 0.69
Si 23 0.066 : 0.84 0.33 0.56
P 48 6.5 57 21 0.55
Cl 24 0.088 0.65 0.11 1.3
K 81 0.24 5.2 1.8 0.55
Ca 114 0.068 7.6 045 1.7
Ti S0 0.84 16 4.1 0.70
\ 69 0.17 4.0 14 0.71
Cr 76 0.17 2.7 0.80 0.75
Mn 91 0.28 37 5.0 0.94
Fe 121 0.10 2.2 0.48 0.64
Co 95 0.37 11 2.8 0.64
Ni 68 0.022 0.97 0.33 0.58
Cu 46 0.35 3.0 1.2 0.59
Zn 109 .0.44 13 3.8 0.73
Ga 44 0.22 1.1 0.56 0.36
As 43 0.37 57 7.0 1.5
Se 17 0.099 1.1 0.42 0.66
Br 51 0.063 5.1 1.8 0.74
Rb 52 0.11 10 2.7 0.72
Sr 82 0.31 37 4.3 1.2
Mo 63 0.051 1.0 0.24 0.72
Ag 17 0.16 1.9 0.65 0.90
Sb 33 0.01e 0.88 0.10 1.5
1 14 1.0 190 37 1.5
Cs 51 0.28 7.1 2.1 0.94
Ba 35 0.33 1.8 0.80 0.45
La 23 0.55 5.0 1.6 0.64
Hg 9 0.033 2.0 0.55 1.3
Pb 2 35 4.1 3.8 0.11
u 17 0.80 66 10 1.5

A specific aspect of y/y, values is that the magnitude of each element in the sample may be com-
pared with other elements of the same sample. Furthermore, by assuming the existence of a
general relationship between concentration factors and residence times throughout a group of
samples, the magnitude of the y/y, value for each element in the sample may be compared to the
same element in another sample. Thus, by comparing the y/y, values within a group of samples,
we can know collectively which sample is enriched or deficient and in which elements.
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log 4

log Y= loga +b IogX----(z)

log Q.

~logg —" log x —>

X : Oceanic Residence Time
4 : Concentration Factor (observed)
4o: Concentration Factor

(calculated from the assuming formula )
a,b: Constants of a Sample

Y: Correlation Coefficient between log X
and log ‘a‘

Fig. 2. Oceanic residence time versus concentration factor: a '
model of the general relationship in which the logarithm of con-

centration factor (y) is inversely proportional to the logarithm of
residence time (x)
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2k log x

log a=6.0 b=-0.76 §=-0.91

Fig. 3. Eisenia Bicyclis, plot of log x vs. log y (mean on 9 samples)
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