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Spatial distribution of sediments by chemical composition and particle-size distribution

in Tokyo Bay

Tomonari OKADA"

Synopsis

The deposition and transport of sediments should be managed properly in ports not only for
the maintenance of port channels, but also from an environment perspective. They influence water
quality and the habitats of organisms. My focus in this study was to create maps of sediment
spatial distributions in Tokyo Bay using a method to estimate the spatial distribution of sediment
by using chemical composition which was developed by author. I aimed to produce information
that contributes to management of sediments for improvement of environmental conditions in the
bay.

I collected sediments from 449 stations in the bay and analyzed particle-size distribution and
chemical composition. Before chemical composition analysis, the sediments were divided into the
silt and clay fraction (<63 um) and the sand fraction (>63 um). I grouped sediments by particle-
size distributions using entropy analysis and analyzed chemical composition by wavelength
dispersive X-ray spectrometry. Sediments were grouped by chemical composition using k-means
clustering.

Maps of spatial distribution of sediments by particle-size distributions were drawn up.
Sediments with silty, very fine sands were most frequent in the bay, demonstrating that organic
matter and toxic chemicals may readily accumulate in the largest part of the bay. I also drew
up maps of the spatial distribution of sediments by chemical composition. These enable

determination of spatial distributions of sediments from each main river that enters the bay.

Key Words: sediment, sediment transport, particle-size distribution, chemical composition,

coastal environment, Tokyo Bay
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1. [FCBHIC

WIBIZBWT, LRI IRE T, MKEOIEAR
FIPETERRE OMERF OS2 T <, KEHBOERNO
R AEE B OB OfMRR &, BEOHMAND b
PIREENSLETH D,

BB OB T, #HIR 7121, AMYCa ELEY
BN AE L (21X, Matthai and Birch, 2001; Homens
et al,, 2006), TNOLNRHERT H I LITE-T, EHD
BbZ 726 LTERY, MR 7Ok oEiRiE, KE
WEEIIH L CTEETHD. il T, HEHEME
PR T (S A5 L C Rl SR IS B - HERE S5 2
EREMENTHND FED, 2012). 2O X951, M
HIRE T~ Ol B R OB 1Tk 2 EEE 2 LT\ 5.

F72, L ONBEBICB O THRTAFERTHONT
WD (E AR SR, 2003) . ORI A
=a—¢ LT, BOOSTRBERIZETOND., ZbD
AL, BEERE LEAEMERREZELZ L TH
5. &£ oT, FOAaE BRI OFHE Al ReE OB T,
WOMAIEN & 5 AKBO T RNHRIIZEEZ B, £z, H
REASTE LTHEBEMICEL TWS EEZ26NR5. Bl
RTIETZ e WO L0 LAY OILRFEED T -
TV & LT, FERICKE N E S A O
BNV o BRI, WOBHER S D BT IE D (1Y
DR DBEN BN B D 03B D) 1%, BN RN
THARHALZRET HBICEERERIEAH.Z LT,
FOWIEEZNLEEINTL 20h0FE#HR S, EEHED
2Ry N —2 L LTEETHD.

MR O EROEEICE LTI, ZHhETELL O/FZER
RENTWD. B, ITEOKMEET VIR, M
R ZREICLTWD. & Z2AD, BEET LIcE T
FWICHEE 722 OISR GFNT -2 ORETHY, Hi
SNET — B DO ER KIS 3B 1T BB O RIZNEET
b5, Lo T, iSRS & IR Ok 4
HEET 2 HAIL, IKRE L CEETHD.

W H 5 (2009b) %, JEIEEEOHEEICTF G T HHL
WIREE L LT, ZNETHhEVRHIN T RN T
TR DRLEE /347 5 L OS2 RRL OF T % BRI N O U
T CRRZ)I BRI KON O JEDIER] - Hiiis T4, =
OFRAMEER LT

% ZTAMZETIE, FOMBS (2009b) OFikx H
W, KD RO ER DS MR & ERT 52 L% H
M5, TLT, ERENEH»LHABNOIERO
AT DOE I HONWTELE LT,

2. A%

2.1 KRER

BN 449 MR OIRIEZFIA L2, Zhbid, o B
TR L2 Y D& BFFEE N OM R £ 72 13 E 2B W)
THREL T LD THD. TORD, HEROBIZR
725 FEET O 112 MR 2003 4235 K OV 2004 4212,
HARHER L O OE O 151 #2009 4E12, FEiE
A ()RR 38 KON o D ENR « T O 164 Hips
132007 4E1Z, & L TN O 21 #5013 2010 45 (35
FEMFRIZED)ICHRESINIZHDOTHS. B-1(a) ~ (d)
WZENENORIeH S 27,
AEIDOGHIZHWZ BT, =7~ =R
BB ELEIAIA -~ o X ¥ 1 VHRBRRESRZ AT
BRI LEZER?D, BESem BEaRRLEZbLOTHD.
HRB ORI OHEREL 1T/ 1 cm/ly (B ARUEPER S,
1986) THhHZHEETDHE, O 5cm OERE, B
FESEREORREOMA LB L OND. £, LM
FRITAKIR DO KEREE Cld/e <, LW ORI ELZIT 5
DT, AW HEDOY IR BN EE LD, b
BEZDHE, 2003 FEND 2010 FFE T, KSEDEND
DD, Zih DR Z H W SiE, 2000 G0
R RS ORI & L TR T ZENTED LE
2 5. 1272, 2007 B hEE o T R E B 22 O H
ZeyE) OFHLE (D IBEROEM) [ckoT, F0EU
DL DL T E D> TWDHAREERH Y, DU D
JEVR A XA TA B O AR B 2 b5,
2.2 HWAE
(1) RIEESHT

WL 53 AT OJ BN b — Y RIT - BeEL 2R o0 A
EEEE (LA-950, Y5 RERTR) 2 Fv, R 546 o
KArixsk -1 ORI ER Sy & Ui, R A o JlE IS,
W BRARAE T2 < BTRIRAF DB & B S -,
EICEEL, A A RS TREL TN D
WESBIELHDIC, BEEZRFIL (W30B2L
143), BLESARNZE LI-HICHIE L.

(2) fbEERARL

b2 H0 A oy AT 120, IR R 0 BB e XORR S E
(Supermini, Rigaku $) % F 7= (B9mE, 2008). A
B, #®&ork (F) »»odExE (U) ECHENRTHD.
HOE X BRI L DT, ICP RO E & T
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139.8
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(FZIIRAD

FURER

(FZRIIRAD

139.8 139.9

(d)

R -1 I AW ERIB RIS, (a) BRI A (2003 453 K U0 2004 4F) , (b) HUREERS OV O E3 (2009 4F) , (¢) FUiesdEi (14
ZRNNRMD) 38 KO O JEER - il (2007 4F), (d) BB (2010 4F)

I E D 3HTIZIX A NN DS, ATALER I AL 2RO AL BR %
TLLARWFLERS S,

SIHTIE 63 um LA F D v R4y & 63 pm LL LD 43I
KL TIT o7z, JEIRZ TV by E AN/ T2 B 2
DD, 1 DITHLRL 112 X D W AEWE O 7 RN % BERR
T 2572 Tdh 5 (Homens et al., 2006) . il 2 1%, H&EIL,
MRSy J 0 AR ISR < WA T D72, JEAPAKH O Hd
BIEENRFRLTH->TH, L MINEWVIEIRD TR
FEERE L, MR NEZWETROFRIREIT/NE L eo
TLEH. 220HOHMAE, VAL MEHOEX ENYD
I 398 S0 ok i 2 D Wik (2 B % W B SRR I 203 S

LT EMD, WEEHEANRLR DL Z ENHESNZTZOT
H5b.

63 pm T O 4y E L, 55 WIE E 9 (AS200,
Retsch ) %2 W TR O T 21To7-. K8 (3 1)
WD HALTZ 63 pm LLF ORI, 1 BREREFHE L, Ik
&8, hBERKEET, 110°CT 24 BERLE S Wz,
filZik > 72 63 um L LD RS BRI L <, 110°C T 24 B
EIL7RE R cayiel

Hr ST RURHT, P (MMA400, Retsch ), #)
ey v — (MM301, ¥/ =7, 35ml,, Retsch )
BXOWHAR— (P2 =7, 20 mm, Retsch i) %
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z-1 Ve - HELECRLEE S A e 2 S K DRI Sy
No_ | Grain size (um)| log (Grain size)] No | Grain size (um)| log (Grain size)| No | Grain size (um)| log (Grain size)
1 1.0 0.00 21 15.2 1.18 41 229.1 2.36
2 1.2 0.06 22 17.4 1.24 42 262.4 2.42
3 1.3 0.12 23 19.9 1.30 43 300.5 2.48
4 1.5 0.18 24 22.8 1.36 44 344.2 2.54
5 1.7 0.24 25 26.1 1.42 45 394.2 2.60
6 2.0 0.30 26 29.9 1.48 46 451.6 2.65
7 2.3 0.36 27 34.3 1.53 47 517.2 2.71
8 2.6 0.41 28 39.2 1.59 48 592.4 2.77
9 3.0 0.47 29 44.9 1.65 49 678.5 2.83
10 3.4 0.53 30 51.5 1.71 50 777.1 2.89
11 3.9 0.59 31 59.0 1.77 51 890.1 2.95
12 4.5 0.65 32 67.5 1.83 52 1019.5 3.01
13 5.1 0.71 33 77.3 1.89 53 1167.7 3.07
14 5.9 0.77 34 88.6 1.95 54 1337.5 3.13
15 6.7 0.83 35 101.5 2.01 55 1531.9 3.19
16 7.7 0.89 36 116.2 2.07 56 1754.6 3.24
17 8.8 0.95 37 133.1 2.12 57 2009.7 3.30
18 10.1 1.00 38 152.5 2.18 58 2301.8 3.36
19 11.6 1.06 39 174.6 2.24 59 2636.5 3.42
20 13.2 1.12 40 200.0 2.30 60 3000.0 3.48
MWWNT 63 um BLFICHf Sz, 63 pum LA O RS E Sy T5.
WX LTIE, R E 9 %k25 1s, KRR 5y & Lz, 63 HOE X OPEEIC L - T, KR HIE, 20 MR

um LU OFEHI R LT, i ko CTREE 726 D
EMT5EMTHA DT, RE 5 E25 1/s, FREREE
257 Lz,

63 um LL F O30 &2 — R S v BT, PVC
Vo Teng 7Ty vry—VY v (J-15, 7 AT 8
ZRAWTI2 t THIERRA L, H906 X SR prdk A o
BHE L7z,

Z DD 5T HFE ORI L OO FIEFIL, %

%-%(wm)’%ot &% ::fmﬁmi,ﬁ%
S LAY TR EERETHLDOT, 22T

Ok T ii’rﬁﬁf"ﬂ@ﬁxﬁ’]jﬁd\% CoOICHDD.

2.3 fEMTAE

BEZARD 7N —7 i, = bre—iEE2 Hn
7o, ZOFEE, RESMONMERE T be v —&
ZAWTIRIT U, 23 DRI Sy A % it 72 7 v —
HILFETHD. T A— 7RI TR 5340 O 2K
TEAR Z B HEE © 728D, FEFHE A £ o 7o AT & e~ ThL
EAMRFOHREOBEEN NS VHERNH D, 20
= b E—JEDFEMMIL, Forrest and Johnston (1981),
Forrest and Clark (1989), Woolfe and Michibayashi (1995),
Woolfe (1995), Woolfe et al. (1998), Woolfe et al. (2000),
Orpin and Kostylev (2006), Mikkelsen et al. (2007),
Okada et al. (2009), [ H & (2009a), [ H & (2009b)
BELOMES (2012) IZRLTWDHOT, I 2 TIEHEMK

AN

JE DAL WE m@méné ZTOHFT, %< OMBDIE
s m LTRSS DL, SO0 FHE2RMK
T & 5 Si0,, AlL,0,, Fe,0;, CaO, K,0, MgO, MnO,
Na,0, P,0s, TiO,, A &Rt & & % & 4L 5 CuO,
7Zn0O, Cr,0,, =D Br, Cl, SO,, StO%/~~7=. Z D
BT, KICETDAHEER S D 6 0, KIROBRRES
DIEBOEE AT 5 b0, LH%HOFNOBEE % 7 <
ZF5b0, BROEELZTHHDERVZ ALO,,
Fe,0;, K,0, MgO, SiO, DA ZIFEL LT-.
FACTFYE ORI HEEOZELTY R T2, £
NENOERZENENOEMERETH L Z L1
T, BHOERELER -7 (EH, 2003). ZD%, %
PRI HISITKE LT, SHMEFWEORNG 2 ko T F FLF
WV OKFIAN 100 12725 X 5 ICHELY L.
(LR D 7' v — 740X, k-means E4& W=, =
L, 7 7 AX—fRITICBWTC, FEFEEITIED ki)

REETHD. FEICIE, HiHY 7 PR E2FERALE.
3. R
3.1 HESHT

ETCOMEORENAIL, = ba b —ikick->T,

82T N—TMk (g, 2B g) Ehiz (R-2). %X
TN—TNOLEETH Y, fERIL RS, n 137 —
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-2 IN—TEENTRIESA. glE=r br BT A—Tb SN N —T DR THY, GIZELEE LD
TN—T DRy Eamd . HERIT P IRIR, n X7 N—TNOT — 28, 53— DORERIT EIERER 2 2R

TROT —Z K, K — DR YRS 2R T

2, & g X 10 um FFIEO TV MRS EB L,
ORI AR IE 10-20 um 725 7. g ITMIRPIR LD L BT,
F— 239 10 um &9 200 um (IZ2H 0, ISR 30-
40 ym 72 o 7o g ITMAMMAE LV v BT, E— R
10 pm & 80 um IZ &V, YKL T 30-40 um 72 o 7.
g, & gl IV MR W THY, 200 um 1o b
DS L, FYURIRIE 100-200 pm 725 72,

b, YV MPREET DG (g -g), MPEL
Db G, (g5), MAIMECD Lk Gy (g) BEIW
PN EBT 20T v b G, (g, go) (o7,

B A4ADDTN—T DA -3 2R T. AR
RIRRTIL, & 7V —7 O ERARPAK TIERWD T
K7 N—T O EREER LTz (B -4 (a) - ().

G VPRSI 7> B W W S5 CIAHPH IS /A LT
2. ZOG O N—TREFEBICBWTRbEBLE
KBESSAR D 7 N— T 12~ 1,

G, BIOG; &, #EBIONWMHIZHEL TV, FF
(G VG THE ] B 38 & OVES BT O i LT
W el Gy BIE S KON IR IS RAE LT e, S IR,
TLF)IRAT A, R BRI P LT e
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(1) ¥V MRSy

ALO,, K,0, SiO,, Fe,0,, MgO @ [ 4y 4ii % & -5
WZRT. ALO, TEIEIT N « WIS PNIZ L THE S O fE 1
INE Do T2, FeOy ITRUIRIEN (FhZ)I A B L%
D JEDER DN K& Dro 2. K0 1L A 2 EE)
WTRED T2, MgO 12 1 R 008 B 1 0 ¢
KE Do Tz, SiO, (R EJIT O, FEeER (REHEMAD
(DN E v o 7.

140.05 140.1

140.05 140.1

35.3
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139.65 1397 13975 1398 139.85 139.9 139.95

S D537/ i) TS

KERE A

i B

“3‘ ‘

(FZ IR

139.65 1397 13975 1398 139.85 139.9 139.95 140 140.05 140.1

(b)

K ESE A
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(d)

(a) Csi> (b) Cs2» (C) Cs3» (d) Ca-

b oze F"?IE’J&C‘%@’S: k-means {5 TV 7 A X —fii
L, 8 o0 =257 (B-6, 7). BEEm
RTiEs I — Aﬁi%%fi@w®? 7 —
O NAIE E BRI LT (B -8 (a) 25 (h)).

o VEBE AT 1, SEJIRAT 0, 05 I, BN
R ORLENR (BERA) OB E TofhL
Tuie.

KO ML D 7 ) — 7 LT ¢, 1L BRI O,
KAENEW, JIEEALE, EZEUIE X ORI S &2
fiL Tz,

7‘/\
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(h)

B -8 ALFEMRIC K> T/ N—AbENTE 7N —T DX E A (S0 FEkEGY) (D5F). (@) ey, (D ey (8) ey (h)cy.

ALO; DMLD 7V —7 LT E N o 138 R 1R A
DI 53AT LTz,

Co VEFEJNTR, LI, AN B LIS K
OIS, FORE] (GO o bl 345 LT
AV

Cus VEIURTVR N, T, RUEER (R A)IIRMD o
TS B KRBT THOdi LTz,

Coo VIR DVENIC T-EEM s BB P I 2T TA
FLPHIZ A3 LTz,

Cor VR THIETJERLICEE P L THAR LTz,

Cog 1322 JHTIER AT J5] 320 45 X OV i qmT - (b 23 ) 1 AR oD
JAIER OB A LT,

(2) #Eksy
ALO,, K,0, SiO,, Fe,0;, MgO @ ¥ [ 4y 4i % & -9
VRT3 MRSy ST g S OV RN
DEBDI2NONE, KR OWESD7e\niz, 5T
TRV TNEEDL N TE RN THD.
k-means {512 L > T4 oD 7 )V — 7m0 72 (K
=10). ¢, & e 1T K0 DSFHRFBIIC R & WRFE —E L T
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