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Arsenic Distribution in Two Species Kombu,
Laminaria japonica and Kjellmaniella
crassiforia from Hakodate

Hirohiko Kitazume* and Keiichi Oisur*

Abstract

Five specimens of two species of kombu, Laminaria japonica and Kjellmaniella crassifor-
ta, growing at the seashores of Ishizaki in Hakodate were collected on Aug. 27, 1986.

The arsenic content of the blades of five kombu samples, which were each divided into
small pieces, were quantitatively analyzed with an atomic absorption spectrophotometer
(HITACHI 180-30).

The results obtained are shown in Tables1 to 5 and Figs.1 to 5. The following
observations were made : In the blade, the arsenic content at the base was higher than that
of the apex; In the stipe, the arsenic content was low, and was almost the same content as
the apex. A highly arsenic content was observed near the meristem, i.e., growth point, and
distributed densely near the stipe. Therefore, these results suggested that arsenic has some
relation to the growth and metabolism of the growing kombu plant.
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Fig. 1. Arsenic distribution of the sample a.
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Fig. 2. Arsenic distribution of the sample e.
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Fig. 3. Arsenic distribution of the sample b.

Sampled sizes are as follows:

Number (ecmxcm) | Number (ecmxcm) | Number (emXxem) | Number (cmXem)
1 1x 5 20 5x10 39 8% 10 58 6x10
2 8x 5 21 6x10 40 6x10 59 7x10
3 3x 5 22 5x10 41 7%10 60 8x10
4 3x 5 23 5x10 42 7x10 61 6% 10
5 3x 5 24 6x10 43 7x10 62 6x10
6 4x 5 25 6x10 44 6x10 63 %10
7 3x 5 26 5x10 45 8x10 64 6x10
8 5x b 27 6x10 46 6x10 65 6x10
9 6x 5 28 6x10 47 7x10 66 5x10
10 4x 5 29 6x10 48 7%x10 67 5x10
11 5x 5 30 6x 10 49 6x10 68 5x10
12 6x 5 31 6x10 50 7x10 69 5x10
13 5x 5 © 32 6x10 51 7x10 70 4x10
14 5x 5 33 8x10 52 6 10 71 4x10
15 6x10 34 6% 10 53 6x10 72 3x10
16 5x10 35 7x10 54 7x10 73 4x10
17 6x10 36 7x10 - 55 6x10 74 7x10
18 5x10 37 7x10 56 8x10 75 4x10
19 6x10 38 6x10 57 7x 10
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Fig. 4. Arsenic distribution of the sample c.

Sampled sizes are as follows:

Number (cmXxcm) | Number (cmxcm) k Number  (cm xcm) Nrumber (em X em)
1 2X 5 21 10x 10 41 8x10 61 9% 10
2 - 3x' 5 22 6x10 42 6x10 62 7x10
3 3x 5 23 8x 10 43 7x10 63 6x10
4 4x 5 24 9x10 44 8x10 64 8x10
3 5x b 25 6x10 45 7Tx 10 65 7x10
6 5x b 26 9% 10 46 6x10 66 8x10
7 6x 5 27 8x10 47 7x10 67 8x10
8 5x 5 28 7x10 48 7x10 68 8x10
9 6x b5 29 9x 10 49 7x10 69 Tx10
10 X 5 30 8x 10 50 8x10 70 10%x 10
11 6x 5 31 7x10 51 7x10 71 12x10
12 Tx 5 32 9x10 52 8x10 72 13x 10
13 6x b 33 8x10 53 10x 10 73 10x 10
14 6x10 34 7%x10 54 8x 10 4 8x10
15 8x10 35 8x10 55 8x10 75 7x10
16 6x10 36 8x10 56 %10 76 6x10
17 6x10 37 7x10 57 7x10 7 7x10
18 8x 10 38 9x10 58 9x10 78 Tx10
19 7x10 39 7x10 59 8x 10

20 6x10 40 8x10 60 6x10
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Fig. 5. Arsenic distribution of the sample d.
Sampled sizes are as follows :

Number (cmXxem) | Number (cmxcm) | Number (cmXcm) | Number (emXxem)
1 1x 5 13 6x10 25 7x10 37 4x10
2 77X 5 14 5x10 26 5x%10 38 3x10
3 3x10 15 6x10 27 5x10 39 3x10
4 4x10 16 7x10 28 6% 10 40 4x10
5 3x10 17 5x10 29 5x10 41 3x10
6 3x10 18 5x10 30 4x10 42 8x10
7 4x10 19 7x10 31 5x10 43 6x10
8 3x10 20 6x10 32 3x10 44 6x10
9 4x10 21 5% 10 33 3x10 45 5x10
10 5x10 22 7x10 34 5x10 46 3x10
11 4x10 23 5x10 35 3x10
12 6x10 24 6x10 36 3x10
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Table 1. Arsenic concentration of the sample a (ppm

on dry basis)
Number Arsenic (ppm)
1 34.0 185
2 56.5 76.1 72.9
3 78.2 83.8 84.5
4 69.7 76.5 77.1
5 674 86.3 67.6
6 24.0 43.9 38.6
7 58.0 59.1 45.5
8 26.2 57.4 64.8
9 318 35.4 37.9
10 32.1 25.9 21.8

Table 2. Arsenic concentration of the sample e (ppm
on dry basis)

Number Arsenic (ppm)

1 375 34.9
2 76.6 53.5 57.8
3 75.3 59.5 65.1
4 59.3 42.9 60.9
5 100.8 92.3 68.2
6 42.9 32.7 36.3
7 62.9 57.5 59.2
8 61.7 37.6 25.6
9 23.7 12.3 13.2

10 9.2 17.1 23.4
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Table 3. Arsenic concentration of the sample b (ppm on dry basis)

Number Arsenic (ppm)| Number Arsenic (ppm)| Number Arsenic (ppm) Number Arsenic (ppm)
1 30.6 20 115.6 39 59.6 58 45.2
2 63.8 21 1245 40 60.2 59 187
3 110.1 22 94.2 41 30.1 60 21.9
4 82.3 23 85.5 42 34.4 61 44.0
5 91.2 24 106.0 43 54.4 62 25.5
6 125.9 25 55.7 44 33.3 63 25.0
7 83.1 26 43.9 45 38.8 64 31.2
8 118.9 27 99.9 46 60.7 65 19.2
9 128.6 28 91.6 47 34.0 66 18.8
10 89.3 29 52.7 48 40.5 67 31.0
11 113.6 30 88.2 49 59.1 68 23.0
12 130.9 31 77.3 50 28.6 69 14.7
13 101.2 32 53.4 51 40.7 70 12.6
14 118.0 33 77.9 52 51.6 71 189
15 101.0 34 67.1 53 23.4 72 34.8
16 914 35 35.6 54 34.5 73 21.2
17 109.4 36 59.4 55 25.2 74 27.5
18 123.7 37 70.3 56 18.1 5 210
19 92.0 38 34.4 57 22.1

Table 4. Arsenic concentration of the sample ¢ (ppm on dry basis)

Number Arsenic (ppm) Number Arsenic (ppm)| Number Arsenic (ppm) Number Arsenic (ppm)
1 25.8 21 67.2 41 35.3 61 34.1
2 101.8 22 76.3 42 52.0 62 324
3 78.0 23 60.5 43 27.8 63 37.6
4 104.6 24 479 44 26.7 64 30.2
5 90.1 25 74.7 45 59.5 65 25.3
6 117.8 26 48.6 46 28.3 66 41.7
7 98.8 27 59.0 47 ’ 31.9 67 36.3
8 104.0 28 62.2 48 46.8 68 35.6
9 67.8 29 37.6 49 33.0 69 44.1

10 107.8 30 55.6 50 245 70 22.2
11 85.6 31 67.0 51 54.8 71 20.5
12 70.7 32 47.2 52 394 72 33.9
13 101.4 33 62.8 53 40.8 73 30.7
14 99.6 34 63.4 54 42.0 74 29.5
15 74.1 35 30.4 55 68.7 75 24.3
16 94.9 36 71.3 56 37.3 76 38.8
17 98.9 37 50.9 57 50.3 7 314
18 82.2 38 45.1 58 35.6 78 25.4
19 98.4 39 70.6 59 34.9

20 79.9 40 44.8 60 55.9
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Table 5. Arsenic concentration of the sample d (ppm on dry basis)

Number Arsenic(ppm) Number Arsenic(ppm)| Number Arsenic(ppm){ Number Arsenic(ppm)
1 12.8 13 476 25 319 37 39.8
2 52.4 14 49.1 26 39.1 38 35.1
3 68.4 15 473 27 30.3 39 45.7
4 70.4 16 473 28 44.9 40 38.8
5 75.7 17 371 29 48.0 41 317
6 56.1 18 41.1 30 27.6 42 33.3
7 44.9 19 48.9 31 28.1 43 20.9
8 43.4 20 45.1 32 41.2 44 42.4
9 47.1 21 43.4 33 24.3 45 30.6

10 50.6 22 33.3 34 29.6 46 33.4
11 479 23 40.3 35 28.3
12 39.3 24 479 36 29.8
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