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Fig. 1 Studied sites where the bottom sediments were
collected by Ministry of the Environment (MOE) during
September 2011 — March 2012. Stars indicate our

sampling points where the cores were also collected.
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Fig. 2 Bottom grab samplers used in the monitoring by
MOE (a, Smith-Mcintyre type bottom grab sampler; b,
Ekman-Birge type bottom grab sampler).
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Table 1 Characteristics of the lakes where the sediment cores were collected.

Site Date Sampling Length of  Lake area Mean Maximum Watershed
method®  core (6m)  (km?) depth (m) depth (m)  area (km?)
L. Yuno 2011/7/12  HR 14 0.32 8 14.5 18.2
L. Onogawa 2011/9/9 HR 36 1.4 7.9 22 142
L. Sohara 2011/9/9 HR 18 0.35 5.1 12 2.9
L. Kasumigaura 171.5 3.8 7 1426
Kakeuma-oki 2011/9/7 HR 21
Koshin 2012/7/26  diver 72

*HR and diver indicate the HR type core sampler (911 cm and 50 cm long) and scuba diver using acrylic
tubes (@10 cm and 100 cm long), respectively
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Fig. 4 Relationships between the parameters taken by the
bottom grab sampler (a, Cs-134/Cs-137 activity ratio; b,
sediment sampling depth) and the inventory ratio
(Cs-137 inventory taken by the bottom grab sampler
divided by that taken by the core sampler). Radioactive
decay was corrected to March 15", 2011.
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Fig. 5 Relationships between the inventory of Cs-137

taken by the core sampler and that taken by the bottom

grab sampler by MOE. Radioactive decay was corrected
to March 15", 2011.

Table 2 Characteristics of the 9 natural lakes, 27 dammed reservoirs, and 1 pond monitored by MOE. Cs-137

inventories were sorted according to Cs-134/Cs-137 activity ratio and sediment sampling depth (see text).

Site Type® Pref " Latitude Longitude Distance Lake area Mean Basinarea __ Cs-137 inventory (corrected, kBq m”)
¢ 2 water km? Sep.2011-Mar.2012  Jun.2012-Mar.2013
(km) (kan') depth (m) (km) N Ave. N Ave.
Hanayama D M 38.780  140.869 1519 2.4 15.3 126.9 1 14 3 78
[zunuma L M 38.719 141.131 144.7 2.9 0.9 62.2 1 6 1 13
Naruko D M 38.755 140.705 151.2 2.1 23.8 210.0 1 10 2 23
Urushizawa D M 38.571 140.638 132.6 0.83 21.7 58.9 1 16 1 5
Minamikawa D M 38.434  140.821 1143 0.90 11.1 22.5 1 32 1 35
Amanuma P M 38.226 140.851 91.0 0.0047 - - 1 233 1 154
Okura D M 38.322 140.706  104.3 1.6 17.5 88.5 1 11 1 69
Kamafusa D M 38.202 140.694 91.8 3.9 11.6 195.3 1 3 2 26
Shichikashuku D M 37.964 140.503 76.4 4.1 26.6 236.6 1 53 4 81
Matsugabo D F 37.798  140.771 479 0.72 13.5 25.6 3 232 2 1366
Mano D F 37.729  140.814 394 1.8 20.7 80.8 1 178 2 699
Sakashita D F 37.381 140.944 9.1 0.21 13.5 12.5 4 855 4 874
Kido D F 37.269 140913 20.0 0.75 24.6 224.8 1 78 1 160
Komachi D F 37.280  140.585 42.7 0.10 7.7 4.0 1 33 2 268
Kodama D F 37.124  140.827 379 0.48 29.0 67.8 2 31 3 110
Takashiba D F 36.957 140.732 58.2 0.58 21.8 410.0 2 63 1 25
Shitoki D F 36.910 140.717 63.5 0.48 252 95.6 3 57 3 55
Miharu D F 37.406 140.478 49.1 2.9 14.8 226.4 1 1 3 282
Hokkawa D F 37.155 140.073  90.1 0.37 149 15.2 3 64 3 184
Nanko L F 37.109  140.218 80.2 0.16 1.5 2.0 3 94 2 81
Nicchu D F 37.758 139911 1059 0.79 31.1 40.6 1 30 3 105
Akimoto L F 37.656  140.140 83.0 39 9.9 112.0 2 30 1 28
Higashiyama D F 37.460  139.965 94.6 0.58 21.7 40.5 1 15 1 105
Okawa D F 37.341 139912 99.6 1.9 30.3 825.6 3 28 1 28
Tajima D F 37.234  139.740 1164 0.050 10.5 4.8 1 6 1 36
Okutadami D F 37.148 139.246 161.2 11.5 51.2 595.1 1 22 1 8
Hinuma (Oyazawa) L I 36.273 140.476  137.1 9.4 2.6 436.0 1 11 1 25
Kasumigaura (Tamatsukuri-oki) L 1 36.092 140.399 158.5 171 3.8 1610.0 1 15 3 15
Ushikunuma (Koshin) L 1 35.945 140.132  183.0 6.5 1.0 148.4 2 35 2 33
Shiobara D T 36.953 139.883 114.6 0.41 21.4 119.5 1 41 3 42
Ikari D T 36.904  139.706 131.1 3.1 17.7 271.2 2 140 4 185
Kawaji D T 36.905 139.689 1324 2.2 37.7 144.2 1 24 3 37
Sakamoto D G 36.354  138.706 238.8 0.070 11.1 13.7 2 42 3 104
Oshio D G 36.222 138.877 234.0 0.15 20.3 0.5 1 19 3 20
Teganuma (Nedoshita) L C 35.862 140.009 196.2 6.5 0.9 163.1 1 187 4 232
Inbanuma (Kita-inbanuma chuoh) L C 35.800 140.252  193.5 11.6 1.7 514.6 1 14 3 16
Inbanuma (Josuido-shusuiguchi-shita) L C 35.748 140.194  200.9 11.6 1.7 514.6 1 27 3 27

L, natural lake; D, dammed reservoir; P, pond. b M, Miyagi; F, Fukushima; I, Tbaraki; T, Tochigi; G, Gunma; C, Chiba. ¢ Distance from Fukushima Dai-ichi NPP.

-218-



1074
= 71t
=2
]
2 } -, .
n
? 104 . ]
E -, - 4
2 La E.. n n E L
'l: [] LI | n L L
e 10" . " m
N u n
wn
U [] N:37
10° T T 1
0 100 200 300

Distance from Fukushima No.1 nuclear power plant (km)

Fig. 6 A comparison of the distance from Fukushima
Dai-ichi nuclear power plant with the sediment Cs-137
inventory in the lakes, dammed reservoirs, and ponds
taken by the bottom grab sampler. Bars indicate standard
deviation in the case of sampling more than once during
September 2011 — March 2012, respectively. Radioactive
decay was corrected to March 15", 2011.
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Fig. 7 Comparisons of the deposition of Cs-137 on the
ground surface taken by the airborne monitoring by
Ministry of Education, Culture, Sports, Science and
Technology (MEXT) with the Cs-137

inventory in the lakes, dammed reservoirs, and ponds by

sediment

MOE (a, MEXT monitoring during June — November
2011 and MOE monitoring during September 2011 —
March 2012; b, MEXT monitoring during October —
December 2012 and MOE monitoring during June 2012
— March 2013). X-bars indicate the range below a limit
Y-bars

Radioactive decay was corrected to March 15™, 2011.

of detection. indicate standard deviation.
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corrected to March 15“’, 2011.
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Fig. 9 A comparison of the deposition of Cs-137 on the
ground surface by MEXT airborne monitoring in 2011

with in 2012. Radioactive decay was corrected.
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Fig. 10 A comparison of the decrease in the deposition of
Cs-137 on the ground surface by MEXT airborne
monitoring with the increase in the Cs-137 inventory in
the lakes and dammed reservoirs by MOE (a, linear

scale; b, log scale). Radioactive decay was corrected.
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Distribution and dynamics of radioactive cesium inventory in lakes
and reservoirs around the Tohoku and Kanto Region after the
Fukushima Dai-ichi nuclear power plant accident
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of the Japan Society for the Promotion of Science * * Center for Research in Isotopes and
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Cs-137 inventories in lakes, dammed reservoirs, and ponds around the Tohoku and Kanto Region were calculated using
the sediment Cs-137 activity concentrations monitored by MOE during September 2011 — March 2012 and June 2012 —
March 2013, after the Fukushima nuclear accident. The sediments were collected by the bottom grab sampler; therefore,
the inventories were estimated by assuming that Cs-137 adsorbed on the surface of sediments could be approximately
collected. The calculated inventories were partly underestimated by comparing with the reliable inventories taken by the
core sampler, however, above 0.5 times of the core inventories by screening with Cs-134/Cs-137 activity ratio > 0.9 and
sediment sampling depth > 6 cm. Distribution of the Cs-137 inventories at sorted 37 sites was related to the distance
from the Fukushima Dai-ichi nuclear power plant, and provide good agreement with the deposition of Cs-137 on the
ground surface taken by the airborne monitoring by MEXT in 2011. Increasing trend of the inventories was detected

from 2011 to 2012, suggesting the loads from watershed through inflowing rivers.
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