
Introduction

Traditionally, Japanese people take large amounts of
seaweeds of the Phaeophyta family, some of which have
been reported to contain rather high amounts of arsenic1-3）.
Hijiki4）, Sargassum fusiforme , of this family has been found
to contain some levels of arsenic irrespective of their har-
vesting areas of the ocean5, 6）, although the pre-cooking
process of Hijiki reduced the arsenic level considerably7, 8）.
Akamoku, Sargassum horneri , a member of the same family,
is also known to contain rather high levels of arsenic9, 10）.
Akamoku, although taken as foodstuffs only in restricted
areas, is of interest as livestock feed as well as more gen-
eral foodstuffs.
Thus, we intended to determine the arsenic level in the
fresh whole plant of Akamoku and to compare its accumu-
lating process with that in Hijiki.

Materials and Methods

1. Akamoku plants

Whole plants of Akamoku were harvested at sea coast,
Mugisaki district, Katada, along Ise Bay, Japan. Akamoku
plants grow underneath the ocean sea surface even at the
lowest tide, in contrast to Hijiki, which is exposed to sun-
shine on rocks for a few hours during the lowest tide.

For the comparison, Hijiki plants were also collected
near the Akamoku-growing site, 10 to 20 m toward the
coast line.

2. Preparation of samples of Akamoku plants

Harvested Akamoku or Hijiki plants were transported
in a cool-box with ice from the sea shore to the laboratory.
The plant samples were washed with enough amounts of
artificial sea water, Daigo SP grade successively three
times. Then, they were washed twice with distilled water
and once with ultra pure water, MiliQ. Excessive water on
the samples was removed by blotting on filter paper.
The male and female plants were separately treated by
confirming their genital organs.
The respective branches were cut into 10 cm pieces
from the bottom, designated as, a’, b’, c’, etc and separated
into stalks and twigs. The twigs were designated as Twig-
1, Twig-2, Twig-3, etc from the bottom (Fig. 1). Each sam-
ple was sealed in a polyethylene bag and the wet weight
was measured. They were stored in a freezer under -30℃
until they were lyophilized. After the measurement of
their dry weights, some portions of the dried samples
were divided into small polyethylene bags and put in
Neuma-Capsules. Forty small sample-bags and 10 stan-
dard amounts of pure arsenate were packaged in a
Neuma-capsule.
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3. Arsenic determination by thermal neutron acti-

vation analysis11）

The samples in the Neuma-capsules were irradiated in a
flux of 1013 neutrons·cm-2·sec-1 for 20 min in the center posi-
tion of the nuclear reactor of the Research Reactor Insti-
tute, Kyoto University. After the cooling time of 72 h, the
arsenic contents in the samples were determined by
gamma radiation from 76As using a pure Ge gamma-
detector at 559.1 keV. The energy levels of 60Co and 137Cs
were used for the calibration.

Results

1. Growth conditions

At the harvesting time, the lengths of Akamoku plants
were 1 m or longer and they float under seawater even at
the lowest tide, just outside the area where Hijiki plants
grow. The plants are fixed to the rocks by their scutellate
holdfast.
The numbers of the twigs in the respective sections
were several to 10, and their lengths were shorter at the
section a’ than at the other sections (Table 1).

2. Arsenic concentrations expressed on the wet

weight basis (Table 2)

The twigs of the lower position as sections such as a’ , c’,
d’ of Akamoku male plants had arsenic concentrations
from several to 20 µg As/g wet weight, mostly 10µg As/g
wet weight of tissues, indicating mostly the values less
than the average. Those of female plants had 10 to less
than 20µg As/g wet weight, indicating mostly less than
the average value. The arsenic concentrations were

shown to be higher than 10µg As/g wet weight, up to 25
µg As/g wet weight or more in the upper sections (Ta-
ble 2). The arsenic contents in the stalks were lower than
those in the twigs, i.e., several to 15µg As/g wet weight.
The average value was 10.2 ± 1.7µg As/g wet weight.

3. Arsenic concentrations expressed on the dry

weight basis

The arsenic levels in the Akamoku twigs were 114.3 ±
27.0 µg As/g dry weight in average in female plants and
144.8 ± 61.6 µg As/g dry weight in average in male plants,
although the stalks contained 51.4 ± 6.6 µg As/g dry
weight and 59.2 ± 13.6 µg As/g wet weight in average in
both male and female plants, respectively (Table 3).
These values are remarkably higher than those of Hi-
jiki5, 6, 11）(Table 4).

4. Distribution of arsenic concentrations along

the stalks

As shown in Table 2 and 3, arsenic concentrations in
Akamoku plants are not so uniform along the stalks as
found in Hijiki5, 6, 11）. It was observed that the upper sec-
tions tended to contain greater arsenic concentrations
than the lower sections and in the twigs the arsenic con-
centrations were higher than those in stalks (Table 2 and
3).

5. Comparison of the arsenic concentration with

those of Hijiki

The arsenic concentrations in the respective tissues of
Akamoku were shown in Table 2 and Table 3 and those of
Hijiki12）, in Table 4. In spite of the non-uniformity along the
stalk, the average values of the respective tissues in Hi-
jiki12）were not so diferent each other, except the genital
organs.
However, the average values of arsenic concentrations
of Akamoku showed higher concentratins in Twigs.

Discussion

The twigs of Akamoku plants at the lowest sections
(section a’) were shorter than those at the upper sections.
The arsenic concentrations were low in the twigs of the
section a’. The arsenic levels in the twigs of the respective
sections were not uniform, and the lengths of the twigs do
not seem to be correlated to the arsenic concentrations on
the dry weight basis.
Interestingly, rather higher levels of arsenic accumula-
tion were observed in the upper portions of Akamoku. In
Hijiki also, highest levels of arsenic were sometimes recog-

Fig. 1 Sectioning and fractionation of a plant sample of
Akamoku.
Ｔhe respective sections, designated as explained in the
text, were treated for the further analysis.
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nized in the genital organs (Table 4).
Brown algae, the Phaeophyta family, have been tradition-
ally used as foodstuffs by Japanese and their usefulness
could not be disregarded nutritionally. It has been our in-

tention to find out some technical methods to reduce the
arsenic levels in brown algae used as foodstuffs, and one of
conditions to reduce arsenic levels in Hijiki products was
described in separate papers7, 8）. Those for Akamoku are

Table 1 Growing state of Akamoku plants harvested at Mugisaki, Ise Bay.
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The designation of the sections was as described in 

the text.

*  The highest value of the stalks or the twigs was 

taken as 100 %.

Of the twigs of male, the highest values in the 

resfective sections were taken as 100 %.

SD

～
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144.79

61.59

Table 2 Arsenic concentration in Akamoku plants, harvested at
Mugisaki, Ise Bay, on the wet weight basis.

Table 3 Arsenic concentration in Akamoku plants, harvested at
Mugisaki, Ise Bay, on the dry weight basis.
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Hijiki

72.94
51.77
54.12
58.52
47.06
58.82

Genital organs
Twig's leaves

Filamentous holdfast

Twig's stalks
Leaves
Stalks

μg As/g dry weight Tissues

currently under investigation.
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