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Spatial and temporal variation of sediment properties along the coast of the Sanriku District,
Iwate Prefecture, due to the tsunami generated by the Great East Japan Earthquake in 2011
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To determine the effects of the tsunami generated by the Great East Japan Earthquake in 2011 on the en-

vironment of aquaculture farming grounds, we investigated environmental conditions of the sediment in nine bays

along the Pacific Coast of northern Japan. Comparisons were made before and after the Earthquake and tsunami
for the following variables: mud content (MC), chemical oxygen demand (COD), and acid volatile sulfides
(AVS). The spatial and temporal distributions of MC, COD, and AVS varied with differences in geographic
characteristics of the bay. The amount of open water in the bay decreased but the breakwater in the bay increased

after the tsunami. Changes in MC, COD, and AVS were supported by the results of numerical simulations, and our

results indicated that all three variables are good indicators for managing the environment of aquaculture farming

grounds.

F—U—F ALK EORE, FUER, MM, B, K8, UL, NS

%, WHAKRREK

ETRGREOBRBEETIL, SXTHALAFREDR
R PEANATON TS, TNHORMIFEL, A
TOM% 5252 <, ROBRDOEEIZFAL
7o TEAGHRAEE ) & L THBOU0 bR ThWAT b,
HERIE T & ORI LN TR /e 81 L A KE

LERBANDAF PN E O FERD D, F AR
FEO WM IR D IR RIS A L 72 A2t IR OS5
BB O A2 BB S 5 & v o 7o E D b
D, BEE LR D7 R T E D Fi T RE R E
JSHETH BV LrL, ChHEOEMPEICKS T

* Tel : 81-193-26-7919. Fax : 81-193-26-7910. Email : k-naiki@pref.iwate.jp



448

b, FHOMESRFEOWBITHE CRENOFHEM A
MARAET S LI L AEBEROBAPBEINTE
7oV IR BREE OTEALIC O\ I KE & IS & OFF# 2
HY, WEICHER L 72GBW N7 70 T i O
IZ& - THfR%Eszld, TOBROBRREEIC L > TAMFE
KA RS, TOSME TR, HEEED Y 0%
FOBHMRESI NS Y, EERIIKEICKEGHEY
25T EDHBENTVAED COT b, EEHK
BICH- 2 B REET 572010, ATRIBEORK
BCIEN R I E A I L AR RE OB AR S
NT&E7,3Y

2011 4F 3 AICHA U /o b 5 K FEpP I R O EE B
i3, NBOBERWHBEOD 5HEERPHE O +%% K
BICEEAABENL 72720, BHE L 7> T 7o Bk
ICRAEBRYICECRLEWESPKEICTRAL,Y KR
BREZZIHEE LT ONIHEBEDIBHN~BE L /210
EEZOND, DD, FRBOEBIIAKESEERL
7o HEEINDD, F—ER CEEOM A & FEHIC i
LB EE 7\ S8, WIBROFEMIEDO T H & /s
ORI A K 5 72 0121%, BB ORBERIEZ L
DR & Z DOFHMILEETH 5,

ARBFFETIE, HAH T AT HEIHIRRIC L 0 A L 7o
BIZk->T, WEERCEDLLIEEN D X D> 5Bt

Wad, [, e, g, M, e, fE5, BB AKE, (L, 1F

BMADHETFROIBTERERE LTV, BEAN
BUEEGORENS 272 E L ZTOBEE LI
7o

M & A&

RAEAE BFROAFEE, BhE, LHE, KW
B, A8, EMME, BERE, KRES, JKHEEBO9
Brextgil, FBIC1I5MEOE S €L - (Fig.
Do TNODOEMONMEL, BEBEHTO A H 5 O
EFANE L T—F ¥/, &7, ThHOBERMIEZRZ
B OENT, BOEAPRAET & e AL OILHE, 5+
WIS 1 7> > TR 7 I O B 518 « KHBE « FEFHE -
BRESEYS o [NHES, BOMICKEA TS A A+ A
TDAFEE « £01 « KIREBICHETE %, BAFO
KIA TR L3, HBICRE SN AB OO 2
ERRL, 4T HBIEMOBIC I THSEEAE VK
BTh5,

REBERMRCEZSH 2012494 & 10 A LU
2013F 9 AICEMBE T >y VSV VI Ty — %
Table 112”7, FIBIF, BRFEEZS (W 1lem),
Ty < v NN—VRERES (BRJEmKE 0.0225 m? % 72 i3
0.04m2) OWEFnLrrEH, BoNEEEREDOE
JE& 2-3 cm BEEHBELL 7o\ S ICERIR L YU IVRIC A

ZF IO P LIS S0, @EOEBIZET S NTHREG L, FREICELR -7, ERETIE, 0%
S Hirota Bay L : ‘
& iy ¢ KuyiBay 3 8 Miyako Bajy o
S A ! 2 1043 2
5 Ofuanto Bay g 7 T4 s 9N\ T4l 15
o N c 10 +12 4 \: -8
5} 1 : 9 = o - 8 12 5 9
J A : 1114 | oz 153 N6 - 13 . 3067
% “ e o3 e | v Tl [1s ; i
3.4 % T e — \ . 0 -
6 & - - t =5 ki Bor,
9 o 3 = = o . a
- Do Ak “ 14160° E l41gor| MTVE 141.86 141.93° E 142.02°
. 1 125 - -
g 115 S;:a p /&u@y i S ———
& I\ ,’ H Miyako Bay a e W |
141.71° E 14174° |Japan, ) ? Yamada Ba o A3
o Okirai Bay . . ., | 4" 7 Iwate Otsuchi Bay 8 P
S 42 ¥ Pacific {Prefecture . SN b8
SRS () - Y Kamaishi Bay | Z 2 56 |
I VE IR ! Ocean ¢ . o, \ . 9,12}
g ¢80 .13 1T N Toni Bay 3 i A
S ST R SN . g - 4
% S Okirai Bay o o
o | Ofumato Bay 14195° E 142.02°
o 5 R N _
141.80° E 141.89 Hirota Bay "2 Otsuchi Bay_
B 2 T & ‘
<l o Ny a < 14
& Toni Bay N Kan}alishl By A
« ~2 e & - ?'—'} R AP ~ .6 9 12 7
. T Lis . 9}]-4 n alees” *
34,8 ) i X 4 102N 15 L. 71043
—. 7 o % hC 2 Y TR ,,,«*:‘7— « 2 4.
5 ¢ 912 S 118 } o e,
<. Tl Q | & 141.90° E 141.97°
% 13 43 141.88° E 141.97°
= 14,
o " . . .
141.86° E 141.90°

Fig. 1 The study area illustrating sampling points along the Pacific Coast of northern Japan. The black line of the bay mouth at

Kuji Bay, Kamaishi Bay and Ofunato Bay indicates a breakwater.
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Table 1 Sampling locations and characteristics of each site along the Pacific Coast, northern Japan
Dissolved oxygen
. . Depth (m) “1Ya
Sampling site Lorngl:t)u de Lagi%de Date of sampling (mg L71) r?fiir?ge
Range Mean Range  Meanb

Kuji Bay 141.79-141.85  40.18-40.21 4,5 Sep. 2012 éjg%’ ég; 6781 75 5, 6 Oct. 2004
Miyako Bay ~ 141.95-142.00  39.59-39.65 3,10 Oct. 2012 éj% &% 44-71 64 25,26 Sep. 2008
Yamada bay  141.96-142.00  39.44-39.48 6, 7 Sep. 2012 (18:22) é?n 6.6-81 75 26,27 Sep. 2007
Otsuchi Bay ~ 141.90-141.95  39.33-39.35 8, 9 Sep. 2012 g:ﬁ% ég) 74-79 7.6 15, 16 Sep. 2009
Kamaishi Bay ~ 141.89-141.95 39.25-39.27 13, 19, 20 Sep. 2012 &gjg% (%i) 6.7-87 74 16,17 Sep. 2004
Toni Bay 141.87-141.90  39.19-39.21 10, 11 Sep. 2012 éj% é% 6.9-7.6 7.4 12,13 Sep. 2005
Okirai Bay 141.82-141.86  39.08-39.11 24, 25 Sep. 2013 %gjg; (§§> 6.9-7.7 T4 19 Sep. 2001
Ofunato Bay ~ 141.72-141.74  39.02-39.06 13, 26 Sep. 2012 (12:33) ég A7-74 6.6 13,14 Sep. 2006
Hirota Bay 141.63-141.69  38.95-39.00 20, 21 Sep. 2012 g:ﬁ% &% 6.0-7.8 7.3 30,31 Aug. 2010
a2 Measured in the water at 1 m above the bottom.
b The value shows the range and mean of 15 points in the bay from 2012 through 2013.
¢ The value shows the range and mean of 15 points in the bay from 2001 through 2010.
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Fig. 2 Box—and-whisker plots of MC (a), COD (b), and AVS (c) of 15—each sediment samples collected from nine bays on the Pa-
cific coast of northern Japan. MC =mud content (% « dry weight, <0.063 mm); COD = chemical oxygen demand (mg O g~1+
dry weight) ; AVS = acid volatile sulfides (mg S g~! « dry weight). Left and right box plots of each bay indicate measure-
ments during 2001-2010 and 2012-2013, respectively. Horizontal line in the box indicates median value. Boxes are drawn be-
tween the 25th and 75th quartiles, and the whiskers stretch to the maximum and minimum values of that variable. *» <0.05 **p
<0.01 (Wilcoxon signed—ranks test, two—tailed test).
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Fig. 4 Relationship between COD and MC of 15-each sediment samples collected from nine bays on the Pacific coast of northern
Japan. Circles and Squares represent measurements during 2001-2010 and 2012-2013, and their correlation coefficients are
shown as p; and p,, respectively. *p<0.05 **$<0.01 (Spearman’s correlation coefficient by rank test, two-tailed test).
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Fig. 5 Relationship between COD and AVS of 15-each sediment samples collected from nine bays on the Pacific coast of northern
Japan. Circles and Squares represent measurements during 2001-2010 and 2012-2013, and their correlation coefficients are
shown as p; and p,, respectively. *»<0.05 **5<0.01 (Spearman’s correlation coefficient by rank test, two—tailed test).
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