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Fig. 1 Locations of the three tidelands.
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Fig. 2 Sampling spots on Tsugaruishi (1) and Orikasa
(2) tidelands, where C, D and E in Tsugaruishi
tideland are seaweeds.
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Tablel Plants collected from the three tidelands.

A: Hamaninniku Elymus mollis
B: Hachijouna Sonchus brachyotus
G Bousonori D
D: Futojuzumo Chaetomorpha spiralis
. E:Aosa no issyeu Ulva sp.
fé) F: Ushinokegusa Festuca pratensis
:fn G: Hamahirugao Calystegiasoldanella
& H:Kauatsurigusa Cyperus microiria
I: Kurara Sophora flavescens
J: Hamanashi Rosa rugosa.
K: Hamanigana Ixeris repens
L: Yoshi Phragmites australis
% | & Nobudon Ampelopsie gl duloss
‘=
= |B: Otokoyomogi et agtica var
A: Shiroza Chenopodium album
2 B: Hakobe Stellaria
E % Komz.itsunagi éggil%ggfctoria
D:‘;nr}ggﬁlal gusa Bidens frondosa
E: Suberihiyu Portulaca oleracea
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Fig. 3 Typical spectrum of a sludge sample (Tsugaruishi -a) obtained with a specially designed absorber
developed for improving sensitivity for heavy elements. Palladium was added to the sample as an

internal standard.
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Fig. 4 Elemental concentrations of the soil samples collected from the three tidelands.
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Fig. 5 Elemental concentrations of the sludge samples collected near the Gamou tideland inside
a coastal levee.

97



NMCC

ZFOZ LR, LTICR T LoD RO 75 Bk R
WL VEMST N B, Fig7 ICERA TFE ETERINTZ
12 ORE B O S HTRE R 23, KR, & F RNk
TERELS N7z 45 OMPREIH T RIBE OFHE S RS
TS, IBFEENERTIIMHENRES B2 D720 —
FEDOREMIIE IR SN TV DN, E¥EIC X 2 e’ T
bhiz, NEOHEMIZEB W TIX, Ca, Ti. Mn, Rb 23T
BEOHY L E_NEIBEEZ RTINS, YROZERNE,
Na & CliZ B LoWHO T RERETH D, T
Z. Mg, Si, S. Cr, Se. ZrZ L TPbRFEIZEWNT
MY OFEMEZR LR LS OESBIREN SV &0
R TE %, Fig.8 ITIXFAED il & k45 - whi AT Lo
FE 5 LAT o T2 iR 2308, IRIE RO 2N B
TW%, ¥FiZ Cr & Pb OEEIT, WEAREROHFAEICE
HREZRITZENBRESND, I TE ETRAIC
BALEAGETHY , HEEZOEREXMT HH D
Elbnd Z D, BHEERRICET 2EYHE O H
HRTHLIMWDIET T 7 SN Ee R ZWIT L,

18 2011

!

Sendai Harbor

Gamou
tideland

Fig.6 Sampling spots of sludge samples on
and near Gamou Tideland.
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Fig. 7 Elemental concentration in 12 kinds of plants collected from the Tsugaruishi Tidelands, where
average concentration of 45 wild plants collected from the inland district is shown in the solid

line.
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Fig. 8 Same as Fig. 7 but for seven plant samples collected from the Orikasa and the Gamou Tidelands..
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Abstract

The tidelands (tidal flats) of the seaside district of Tohoku, Japan, which play an important role
in maintaining the diversity of the marine ecosystem, were almost completely destroyed by the
massive tsunami that occurred on March 11, 2011. The tsunami also brought large quantities of
contaminated sludge from the bottom of the sea to the coastal lands including the tidelands. In this
study, we collected sludge samples from three tidelands: the Tsugaruishi estuary tideland (Iwate
pref.), the Orikasa estuary tideland (Iwate pref.), and the Gamou tideland (Miyagi pref.). We then
analyzed the samples using PIXE in accordance with a powdered-internal-standard method that we
developed. In order to investigate the effects of the contaminated sludge on the ecosystem, we
gathered and analyzed various kinds of wild plants and seaweed. We found that the tidelands are
contaminated with heavy elements, such as arsenic, lead, zirconium, and barium, although the

contamination is less serious in the vicinity of the beach.
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