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Fig. 1 Sampling spots of the sludge samples.

~Fuzgte LT D RINEMEREE 9) (2L R S, fmaElE TEER I L - NS
HELE O [C X VABE SNz, FEHNISE G 2 OREOE) It s TnwWa b aniz
W, ~ R EEnEET BB ORERE & &SRBt S O Xt Table 112, fli#aEl & =0
F40% Table 2 IZFNENGLH I N TV D,

Table. 1 Sample list of the sludge samples. Table. 2 Sample list of the plant samples.

Rikuzentakata

No. 1~6

seaside Houkigusa Kochia scoparia
No. 7~9 Ofunato Itadori Fallopia japonica
No. 10 ~12 Kamaishi Shiroza Chenopodium album

7/20 No.13~18  Odzuchi
No. 19~22  Yamada seaside

Kosendangusa Bidens pilosa var pilosa
Artemisia indica var.

No. 23~24  Yamada downtown Yomogi maximowiczii
No. 25~28  Tsugaruishi estuary Hirugao Calystegia japonica
A~E Rikuzentakata Butakusa Ambrosia artemisiifolia
F~H, 1~2 Kesennuma Murasaki s
I Utatsu tsumekusa Trifolium pratense

8/14 3~5 Shizdugawa Suisen Narcissus
J, 6~7 Ishinomaki Okahijiki Salsola komarovii
K, 8 Onagawa - Artemisia indica var.
J~L Miyako Yomogi maximowiczii

8/31 M~O Tarou Koakaza Chenopodium ficifolium
1 Omoto Kurara Sophora flavescens
2~3 Nakanohama Nokonaiku Aster microcephalus var.

93 k~m Arahama 9 ovatus

n~u Uriage Kouboushiba ~ Carex pumila
1~2 Hachinohe ogi Miscanthus

9/17 3~4 Tanesashi 9 sacchariflorus
5 Hashikami
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Fig. 2 Typical spectra of a sludge sample (7/20 No, 9) obtained with a specially designed absorber (a) and without absorber (b).
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Fig. 3 Comparison of elemental concentration in two sludge samples taken in Ofunato city.
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Table.4 Elemental concentration in plant samples collected in the seaside district in Iwate prefecture. Average values for 45 plants

gathered in the inland district of Iwate, Miyagi and Fukushima prefecture are also shown in the table for comparison. (LD =
Lower than the detection limits.)

Murasa . Kosen- Kou Inland
Yomo Yomo Ko- . Hama- . Houki-  Ita- Buta- Oka Nokon .
; ; Shiroza . kitsume . dan oo Kurara . Bou Ogi plant
gi-1 gi-2  akaza hirugao gusa  dori kusa hijiki giku )
kusa gusa shibe average

Na 141 150 1480 409 397  59.7 7390 937 LD 205 2360 LD 127 713 118 298
Mg 700 1.20 3140 4370 532 264 2110 878 2420 1200 2460 192 1210 1120 143 1080
Al 218 LD LD LD 253 LDS 959 165 377 LD 1760 LD LD 1540 LD 551
Si 655 1764 LD LD 1.48 189 179 202 1810 3550 899 105 824 19500 8430 908
P 3140 3730 1100 2840 177 132 2410 219 2040 5270 3580 2.89 4370 881 1000 1410
S 2090 3300 1240 2100 1220 141 1650 1.47 2840 4900 3300 1.62 2460 1260 2060 1560
Cl 20.9 253 LD 150 LD 724 506 246 1170 827 1510 LD 167 123 LD 113
K 19700 48100 22400 35600 23800 18400 37100 25800 15400 58200 53700 14000 37300 2990 12500 21100
Ca 273 7980 7150 2310 1600 10300 3400 1040 22000 13300 6020 2890 6390 2360 1230 7770
Ti 464 185 187 181 253 620 115 291 353 935 169 1620 LD 709 443 6.74
\ 2.77 LD LD LD LD 044 LD LD 257 091 LD LD LD 242 LD 114
Cr 289 334 021 042 3.82 LD 518 25 459 262 562 178 022 108 0.60 1.00
Mn 239 383 137 297 174 044 144 230 397 328 273 283 185 366 237 508
Fe 486 160 748  90.6 274 835 109 798 434 794 121 933 633 1140 89.6 83.9
Ni 142 092 LD 0.07 1.02 038 LD  1.09 LD 050 242 399 152 286 042 0.89
Cu 179 326 781 125 6.79 174 147 927 352 197 154 104 144 825 650 842
Zn 502 823 399 698 121 686 744 719 110 122 469 569 659 506 278 557
As 0.28 LD LD LD LD LD LD LD 155 LD LD LD 0.05 LD LD 012
Br 150 713 241 199 171 125 241 874 335 445 421 155 538 323 802 102
Rb 107 912 203 258 711 309 104 243 343 055 764 689 835 124 371 242
Sr 258 293 733 141 4.48 106 135 LD 100 1483 290 562 224 154 185 408
Zr 29 997 LD 259 0.09 LD 0.10 LD 1.1 LD LD LD LD LD LD 2.56
Mo LD 527 802 812 222 217 329 093 215 631 076 865 332 008 126 1.07
Hg 0.80 LD 462 074 145 014 LD 4.10 69 082 072 034 LD 285 LD 118
Pb 613 731 844 190 956 114 612 133 453 160 119 235 424 657 310 131

HEAIZARINL T2 L DI 1B SN To~ R 3B O HERE L TV B, ~ R 23HERE L 72 2 NS,
WEOFBLEIEZRD LSO TWD, =B I\ I E 25 2 B m I ok E < an
D, BWEOIEERE. FOOR - BEE - B - (ImiZ T TORFERE I & 28 < Hk
DOWEEZT, ~FaPHRE L, WELICEZ O CRENFHBTE VW EWVI RIS S,
WEIONA, BESRHEROMEDS BT REZZ 2RI bRVnE o L Bbhd

Fox ITHIRES O~ R BRI X D KA CEBEER O 7 2 OREFEA~DO BT 5 Ji &0
KHEBBLTND, BEPTRBEDMANTERREZRIKMRT S L, BRITET 1 » HIZ
lem F2E L, Mo TREWEEZEZAXZ ¥y 752 LIk D, BEOKRNTTRIREZILOIEIE
MPFREND Z EDRHEREN TS 9210, 2011 4F 10 H LA, #ESEHIOIRRIC BV THSEE 76

89



NMCC 18 2011

FWBEZAEIL, 3.11 fifg CORNTRBEZEDHION WD, FEIEIBNC®EZ21T 9
FTETHDHN, WRECKIEICLT-ONT-F I L TE, 811 BAETHBEN LA L
TeBlIACd 0 | BT RER T3~ R e HERE U DRI T D 2 & Rl - EBLEE) R
Lf@%<@%ﬁ%%vx7ﬁ%%éhfwé’k@Eﬁ%%ﬁLTwé&%zgmézﬁb%
3.11 IZ L DKM BEFEDOEMRITEDY TERBENEAD LTIBIN L Rob, ARIFFEIC

;é%%m\%%@%ﬁﬁ%ﬁi%@%@%ﬂ%h&#é%@k%ﬁféo

1000000

o RERlE BT (4)
o BERfE HEIRE (7)
& KRH#E (3)
o 2R (3)
x KRB (6)
o [LARAIR (4)
o L AT#THE (2)
A E R (4)
= LB HAHIT(5)
o E#)I (@)
o B (3)

%Il (2)
s EEHE ()
o HE A (4)
o HDE (2)
o JRE (2)
= RE@)
s fhBEZeH (2)
o \F# (2
o fEZE-BEQ)
— ~REHHE (72)
— Pkt FH1E (57)

100000 |

10000 ¥

=)
3
3

i
1<)
3

Concentration ianpmm

a)

L3

a

.

01 I I

Na Mg Al Si P S CI K Ca Ti V CrMn Fe Ni CuZn Ga As Se Br Rb Sr Y Zr Nb Mo Ba Hg Pb
Elements

Fig. 4 Elemental concentration in 72 sludge samples collected in the seaside district in Tohoku. The samples collected in the same
area are combined and their average values are shown. The average values of 57 soil samples collected in the inland district
of Iwate are also shown for comparison. (LD = Lower than detection limit.)
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Fig. 5 Elemental concentration in plant samples collected in the seaside district in Iwate prefecture. Average values for 45 plants
gathered in the inland district of lwate, Miyagi and Fukushima prefecture are also shown.
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Abstract
A massive tsunami following Tohoku-Earthquake Disaster brought a large
amount of sludge, which originated from the sediments pilling upon the bottom of
the sea to the residential areas. As it is anticipated that the sludge contains a large
amount of heavy toxic elements, its influence on the health of the suffered people
will become a problem. In the present study, 72 sludge samples were taken from the
stricken areas by the tsunami over the wide area; (Aomori, Iwate and Miyagi
prefectures). These samples were treated on the basis of a
powdered-internal-standard method and analyzed by means of PIXE with a
specially-designed absorber. It was found that the sludge contains much amount of
heavy elements such as arsenic, lead, zirconium, barium etc. in comparison with
those in soils collected in the inland district of Iwate prefecture. Furthermore, 16
plant samples were gathered in the estuary area, on which the sludge deposited,
and analyzed in order to evaluate the effect of the sludge on the ecosystem. These
results were compared with those for 45 plant samples collected in the inland
district of Iwate, Miyagi and Fukushima prefectures. It was found that these plants
contain lager amount of heavy elements in comparison with those in the inland

plants.
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