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Seasonal Changes of Arsenic Distribution of Kombu,
Laminaria japonica

Hirohiko Kirazume*, Kenji Fukunaca*
and Kozo Takama*

Abstract

The arsenic content of the blades of forced kombu (Laminaria japonica), which were
collected monthly at the seashore of Ishizaki, Hakodate from March to July, 1987, was
assessed. After dehydration to nearly 10-15%, of their normal moisture content, the bladeds
were divided into 10 parts and their arsenic content was measured with an atomic absorption
spectrophotometer. The arsenic content at the base part, corresponding to the blade
meristem, was higher than that of the apex part. The trends of the arsenic distributions were
almost invaliable regardless of the harvest time. Arsenic content varied with the seasons,
and was highest in June. The degree seasonal change in arsenic content was proportional to
increase in the blade length. These results suggest that the amount of arsenic in kombu has
some relation to its growth.
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Table 1. Arsenic concentration of three samples, Kombu ( Laminaria japonica), harvested in

March
. Arsenic concentration (ppm on dry basis)
Position
Number* Sample A Sample B Sample C Mean value
(310 cm**) (300 cm**) (400 cm**) (337 cm**)
1 _ _ _ -
2 107.26+-27.85 95.74 +25.29 97.284-60.03 100.09+ 6.25
3 114.65+14.10 89.25+22.15 26.15+47.11 76.68+45.57
4 86.61+16.39 109.03+ 38.69 77.95+61.57 91.20+16.04
5 92.82+24.32 96.05+13.12 62.83+65.03 83.90+18.32
6 124.72+22.51 133.824-26.66 74.84+35.33 111.13+31.75
7 96.88+19.90 121.04415.72 100.01+76.33 105.98+13.14
8 109.63 +26.29 88.09+35.22 69.74 +42.64 89.15+19.97
9 81.94429.43 92.59+20.54 48.39+44.83 74.314-23.07
10 104.28+27.87 108.56+41.75 100.78 +18.61 104.54+ 3.90

The values were expressed as mean+8.D. from four times determination on each sample.
* Position number (See Fig. 1)
** Blade length

Table 2. Arsenic concentration of three samples, Kombu (Laminaria japonica), harvested in

April

. Arsenic concentration (ppm on dry basis)

Position

Number* Sample A Sample B Sample C Mean value

(400 cm**) (630 cm**) (570 cm**) (533 cm**)

1 _ - — —
2 114.05+ 9.18 173.66+19.66 172.61+23.40 153.44+34.12
3 89.02+15.12 138.064-23.28 133.16+10.72 120.08 +27.01
4 101.20+19.77 155.58 +33.09 16170+ 9.95 139.49+33.30
5 89.71+11.02 140.23+37.98 148.77+ 9.16 126.24+31.92
6 79.62+14.02 93.31+20.47 71.55+ 4.09 81.49+11.00
7 51.21+13.18 101.08+ 7.06 52.08+ 4.97 68.12 +28.54
8 4747+ 3.92 100.03 +-25.08 53.67+ 145 67.06+28.72
9 41.72+12.83 27.52+10.35 32.11+ 3.88 33.78+ 7.25
10 25.71+ 8.89 14.00+20.76 21.26+ 5.58 20.32+ 591

The values were expressed as mean+8.D. from four times determination on each sample.
* Position number (See Fig. 1)
** Blade length

T3, ZhHLOHRR, AEREETS <z 7OBEERAKETH D,
RowHEACEIEIRD<ay 7OLEOPHHEE, EEBTHCHIS 2,3,4,5 DEI;AL
DeREEFHEXER L TCRLTHD, ~2v 72EFHHEOEHHNEEH L D, B3 A
266 B CoMRIRERCHD, 6 AXRBHICRB LA RLTV5, 12T Aicik = v
TOERIFERIILD, 2EMN6HLHBELTEL koTW 5,
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Table 3. Arsenic concentration of three samples, Kombu (Laminaria japonica), harvested in

May
Position Arsenic concentration (ppm on dry basis)
Number* Sample A Sample B Sample C Mean value
(810 cm**) (660 cm**) (660 cm**) (710 cm**)

1 — —_ — —
2 119.70+ 8.28 115.90+ 8.16 143.37+11.73 126.32 +14.88
3 14450+ 6.78 112.69+11.92 126.28+11.82 127.82+15.96
4 133.73+20.40 122.08+ 8.05 111.52+ 8.79 122.441+11.11
5 157.46+-22.81 122.35+10.03 130.18+ 6.12 136.66+18.43
6 59.60+ 8.06 60.08+13.31 78.17+ 8.88 65.95+10.59
7 82.34+15.14 108.79+ 7.82 112.48+ 6.75 101.20+16.44
8 30.55+15.27 63.00+21.74 67.73+12.03 53.76+20.24
9 50.34+ 7.28 111.14+-34.88 90.14+14.15 83.87+30.88
10 61.49+10.43 118.54+13.61 103.67+16.20 94.53+29.58

The values were expressed as mean+S.D. from four times determination on each sample.
* Position number (See Fig. 1)
** Blade length

Table 4. Arsenic concentration of three samples, Kombu ( Laminaria japonica), harvested in

June
. Arsenic concentration (ppm on dry basis)
Position
Number* Sample A Sample B Sample C Mean value
(900 cm**) (870 cm**) (830 cm**) (867 cm**)
1 — — — —
2 138.30+101.43 229.75+24.87 186.15+13.24 184.73+45.74
3 13849+ 99.26 160.33+34.57 129.57+20.33 142.80+15.83
4 120.93+ 86.86 201.34+16.92 143.04+ 851 155.10+41.54
5 133.88+ 99.79 211.59+ 7.82 149.27+12.40 164.91+41.15
6 57.34+ 52.62 65.06+ 5.88 75.79413.97 66.06+ 9.27
7 141.75+ 24.16 87.86+65.99 101.48+ 6.32 110.36+28.02
8 84.67+ 19.87 76.06 +-20.10 63.74+11.99 74.82+10.52
9 48.27+ 34.97 55.27+24.05 4291+ 975 48.82+ 6.20
10 72.10+ 14.83 49.09+11.05 31.69+ 248 50.96+20.27

The values were expressed as mean+S.D. from four times determination on each sample.
* Position number (See Fig. 1)
** Blade length

UEDOERMS, =av 7EhdoeRil, BRORECHETAIROLLOFZEEZRIL T3

LHREII S,
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Table 5. Arsenic concentration of three samples, Kombu ( Laminaria japonica), harvested in

July

. Arsenic concentration (ppm on dry basis)

Position

Number* Sample A Sample B Sample C Mean value

(760 cm**) (820 cm**) (800 cm**) (793 cm**)
1 _ _ - _
2 10844+ 5.52 87.96+11.78 172.79+31.72 123.06+44.27
3 105.94+ 5.66 95.19+18.18 157.15+11.65 119.43+33.11
4 127.15+10.86 72.28+20.71 180.38+19.03 126.60+54.05
5 133.28+27.52 102.53+16.84 155.25+29.68 130.35+26.48
6 61.10+11.96 34.80+39.45 53.47+18.74 49.79+13.53
7 9473+ 8.13 81.93+15.20 105.86+16.01 94.17+11.97
8 74.92+30.92 69.84+ 7.89 64.53+40.32 69.76+ 5.20
9 64.51+21.98 52.41+23.37 44.66+19.88 53.86+10.00
10 4189+ 6.42 61.89+34.44 43.19+18.90 48.98+11.18

The values were expressed as mean+S.D. from four times determination on each sample.
* Position number (See Fig. 1)
** Blade length

Arsenic concentration (ppm on dry basis)

Position No.

Fig. 2. Positional and seasonal arsenic distribution of Kombu, (Laminaria japonica)
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Fig. 3. Seasonal variations of arsenic concentration of Kombu, (Laminaria japonica)
@, Position No. 2; a, Position No. 3; m, Position No. 4; O, Position No. 5
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Fig. 4. Seasonal variations of arsenic concentration of Kombu, (Laminaria japonica)
@, Position No.6; a, Position No.7; m, Position No.8; 0O, Position No.9; A, Posi-
tion No. 10
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170

A 130

Blade length (cm)

Arsenic concentration {ppm on dry basis)

Mar. Apr. May. Jun. Jul.
Fig. 5. Seasonal variations of blade length and arsenic concentration
The arsenic concentrations were mean values of three samples, position Nos. 2, 3,4 and 5.
The blade length was mean value of three samples
®, Blade length; A, Arsenic concentration
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