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Distribution of accumulated arsenic in the seaweed Hijiki, Sargassum fusiforme
(Harvey) Setchell (6)
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Summary Arsenic accumulation in Hijiki, Sargassum fusiforme (Harvey) Setchell, a member of the Phaeo-

phyta Family, was determined throughout the whole plant by thermal neutron activation analysis.

We collected

Hijiki plants along a sea coast of Ise Bay, where Akamoku plants have also been harvested. The arsenic distri-
bution in the Hijiki plant body was not uniform along the stalk like in Hijiki plants harvested at other districts and

Akamoku plants of this district.

centrations on the wet weight basis in comparison with other tissues.

Arsenic distribution in the genital organs of Hijiki showed high arsenic con-
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Introduction

Seaweeds of the Phaeophyta family, some of which
have been reported to contain high amounts of arse-
nic'®, have been traditionally eaten by Japanese ;
Hijiki", Sargassum fusiforme (Harvey) Setchell, of this
family has been found to contain variable levels of
arsenic irrespective of their harvesting areas of the
ocean””. To study the arsenic accumulation behavior
in the Phaeophyta family, the arsenic concentration in
some other members of the Phaecophyta family has
remained to be determined. In the previous studies,
patterns of arsenic distribution in Umi-torano-o, Sar-
gassum thunbergii (Mertens ex Roth) Kuntze”, and
Akamoku, Sargassum horneri (Turner) C. Agardh, were
investigated'® '), In this report, we present data on

arsenic distribution in Hijiki plants harvested at the

same sea-coast area where Akamoku was har-
vested'® ',

Experimental
Plants:

Hijiki plants were harvested at Mugisaki Coast,
Katada, Ise Bay. The samples were carried in an
ice-cold box to our laboratory, and washed successively
3 times with artificial sea water, twice with distilled

water and once with MilliQ water. After each wash-
ing, excessive water was blotted out on filter paper.
They were cut into pieces of 10 cm lengths from the
downside to the upper side along the stalk, which were
designated as a’, b’, ¢’, etc.
(Fig. 1).
were sealed in small polyethylene bags and their wet

The leaves and the apex
were separated. The separated samples
weights were measured. They were stored in a deep
freezer at -40°C until lyophilization.

Arsenic determination:

The lyophilized samples were weighted and their
small portions were used for determination of arsenic
contents by thermal neutron activation analysis.
Thermal neutron activation analysis® '?:

The specimens sealed in small polyethylene bags
were bundled in Neuma-capsules and set in the center
position of a research reactor of the Research Reactor
Institute of Kyoto University. The thermal neutrons
were irradiated at 10"* neutrons cm™ « sec” for 20 min.
After 72 hr of cooling time, arsenic contents were de-
termined by a gamma detector equipped with pure Ge.

* E-mail: katayama@osaka-aoyama.ac.jp
1) 2-11-1 Niina, Minoh City, Osaka 562-8580, Japan
2) Taromaru 80, Gifu City, Gifu 501-3592, Japan
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After washing, the sample plants were cut into pieces of 10 cm length, and separated to respective tissues.

Results
Growth states of Hijiki:

A branch of Hijiki, designated as No A, had two
stalks, one (A-1) 68 cm long and the other (A-2) 35 cm
The lengths of the
twigs, mostly less than 10 cm in length, were separated

long, each possessing many twigs.

from the respective 10cm-sections, and each was sepa-
rated to leaves and stalks (Table 1). This branch had
many genital organs, and they were also separated from
the respective 10 cm-sections. (Fig. 1).

Water contents:

The ratios of the wet weight to the dry weight of the
tissues suggested that the upper sections of stalks were
less matured. The shorter stalk seemed to have more
immature leaves than the longer stalk as shown in Table
1. A similar trend was found in the water contents of
the leaves and stalks of twigs of the respective sections.

Arsenic contents on the wet weight basis:

The arsenic concentrations on the wet weight basis
may reflect more physiological distribution than those
on the dry weight basis, as arsenic seems to be uni-
formly dispersed in the wet tissues'’. The arsenic
concentrations in the leaves and stalks were higher in
the lower sections than in the upper sections, suggesting
that the accumulated arsenic was not easily transferable
in the tissues (Table 2).

It is interesting that the genital organs contained
higher levels of arsenic than the other tissues in the
same section (Table 2).

Arsenic contents on the dry weight basis:

The arsenic concentrations expressed on the dry
weight basis (Table 3) showed generally 30 to 80 ppm
in the leaves and stalks; the arsenic levels in the genital
organs were sometimes more than 100 ppm. (Table

3).

Discussion

The water contents in the genital organs were mostly lower
than the other tissues in the same sections (Table 1).
As food for fishes or mollusks, the more rich contents
with lower water contents may be preferred, and the
high arsenic level might be a means to prevent the Hi-
jiki plant from being eaten by other animals (Table 2).

The higher concentration of arsenic in the more ma-
tured tissues may indicate the more difficult of arsenic
tissues, resulting in the

transfer between the

non-uniformity of arsenic distribution in the tissues
along the stalks’® (Table 2 and 3).

such as calcium and iron also appeared not to be easily

Other elements

transferable between the tissues (our unpublished data)
because of their insolubilities'?.

The arsenic levels in Hijiki were about 50% less than
those in Akamoku'", and they perhaps depend on the
duration of contact with ocean sea water'".

When used as food, pre-cooking treatments will be
essential as shown by the water-soaking process of
dried Hijiki'?.
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Table 2. Arsenic concentrations in the Hijiki plants, harvested at Mugisaki-Katada district, Ise Bay, expressed on the basis of

wet weight.
Samples* Tissues Scctions** | b€ “A,;;ng rg;ch;::fi) Samples* Tissues Sections** | HE ‘::i;‘ ¢ me;::gs)mﬁo
g 4.529 33.0 2.508
777777777 f 1 6186 45.1
¢ 5.684 415 Stalks
Stalks
Leaves
A2
Genital Organs
Leaves ’
A-1 a' 105.607 100.0
Filamentous holdfast 14.961
Stalk 5.478 72.8
c' B T |
Leaf 3.305 439
A-2-Twigs Iy Stalk 6397 850
Leaf 5.622 74.7
Genital Organs , Stalk 7.523 » IOOb
a PO U DRSS et O bt
Leaf 3.654 48.6
a' N [4}
Filamentous holdfast 14.961 * The sample A-1 and A-2 constitute one branch, designated as A,
Stalk 9356 100.0 connected to one common filamentous holdfast.
UAPEX) | ** The alphabetical letters, a', b', ¢, etc means the sections from the
Leaf 4.287 } 458 bottom, filamentous holdfast up to the top, apex, sectionned at an every 10
o Stalk 7.666 | 819 cm length.
""" Leaf 5.574 596 *¥% The highest value in the leaves and stalks, that in the genital organs,
' Stalk 8.936 953 :;nog :/:mt in the twigs (leaves and stalks) of either A-1 or A-2 were taken as
e X
Leaf 7.122 76.1 N : Not exist.
A-1-Twigs d Note: The average values=SD (pg As./g wet weight) of A-1 stalks,
A-1 leaves and A-1-twigs were 7.5+3.2, 5.8+2.1 and 6.9+1.5, respectively,
¢ and those of A-2 stalks, A-2 leaves and A-2-Twigs were 6.7+4.2, 5.9+2.8
and 5.3+1.6, respectively.
b
2
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Table 3. Arsenic concentration in the Hijiki plants, harvested in Ise Bay, Mugisaki, Katada district, on the basis of

dry weight.
* iong** | He As/g |Percentage ratio e : ug As/g Percentage
Samples Tissues Sections Dry weight (%***) Samples Tissues Sections™* Dry weight | ratio (%***)
d 30.917 304
Stalk
Stalk
Leaf
A-2
a' 101.657 100.0
d 42.467 31.0
Genital O ¢ 72.746 531
enital Oreans |-——---e--weedomeemeoeimmee e 2
a Leaf s 62255 454
a 137.004 | 100.0
Filamentous holdfast 57.828
¢ Stalk 44.454 71.3
Leaf 46777 | 75.1 ]
Stalk 55.543 89.1
A-2-Twig b fe ] !
. Leaf 62.327 100.0
Genital Organs da 53259 96 Stalk 55306 887
- B e r T LTI [ a' ......
,,,,,,,, ¢ ). Ay 136 Leaf 60.221 %66
b 80.810 14.6
a' N 0 * The sample A-1 and A-2 constitute one branch, designated as A,
Filamentous holdfast 57.828 connected to one common filamentous holdfast.
Stalk 0.859 700 ** The alphabetical letters, a', b', ¢', etc means the sections from the
G(APEX) | . bottom, filamentous holdfast, up to the top, apex, sectioned at an every 10
Leaf 52.980 60.9 cm length.
*##% The highest value in the leaves and stalks, that in the genital organs,
f and that in the twigs (leaves and stalks) of either A-1 or A-2 were taken as
100%.
e N : Not exist.
Note: The average values+SD ( ug As/g dry weight) of A-1 stalks, A-1
A-1-Twig d leaves and A-1-twigs were 46.3x13.1, 58.0x13 8 and 59.7+10.5, respectively,
and those of A-2 stalks, A-2 leaves and A-2-Twigs were 46.8+19.9, 70.9+
¢ 27.2 and 54.1+7.2, respectively.
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