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BiPEKFZBEd 5 C &ick b, KE « EEEREO /A,
HESORIEEONEN PRI S B0, —F THMER
LA S C IR D IRE S NS, BIPTICRES BR
BHEAECITHRD 1 > & LT, HIKPIREDFRED
WRT 5 LTk 23U & RIc B A RE D& X
BT &, TRk S EkoRAE P ERis i TW s (.
REHBPHER &%, 2003), %7, —MICEKEMBR
K@Kk v bEHBREOKREBENGENL TV S D
(FB 5, « ZERE, 1992; 14K 5, 1995; HHEF « FAA, 2006),
JRE D& E LA U % & RIBRIK O K A K ~HEHL

L, REMEEC —RAEELINS & 2 AHEMEN S %,

B OEE IS 2 HEOR T, HERMEREE DA
& (RElT S, 2005), A MoK (RS, 2005),
FleldE &R AR D 3 (RAR, 2006), #EAEAAL &
SAEHE (2 - FVK, 2010) DS icEIN, TG
DO, FICHFEOMZ RN e AR L LTED,
RO I T D 5, T/, B EBHIKPI D
B ZEE LR FEf S T uisn,

ARFIENE,  BEE O #ISZ I 2B HEK P DB P S K
BOBE LI ORBEAFIMT 5700, HFEE &b
BULZEEORBEENHEZPES IS 2 E2HNE
T 5,

2. REAE

IKE A S % Fig, 11289, 2011 4F 2 FIcifiFis
8 A & AR 5 M O IRE A 2 FE i L 7o, [RE DA
AL S W T, BKEAR T v L 2B NiE ¢
75X100cm OEEE R b v Ty vy 3 =V VT 5 —
(M T224>, 2009) % H W CHEBHRELL 72, KT L
7okl &2 B © 0~5, 5~10, 30~40, 60~70, 90~
100 cm @ 5 i) 43 iF, EHHICEZE Sy 7 &L,
5 COMMEIRE CHEPARAL L, FEBREICFb)m - 7,

Fi bR - 123V O R I3 IR D 5 TIT - Too 1R
Fha L EE (4,000rpm, 557D LT LEAE A=
L, 2% 045um DA ¥ 7507 4 V¥ —TiglwL
THIBUKER T, F72, WERENH-N 24 5700
1T, BEL72EE 3 g i 2M-KCl % 30 mL iz, 20 43
MR E D Lcgicmnitic ko LEARAER 2 BEE
1T -7 (Morin and Morse, 1999; f#7k &, 2006), T D

HEF « K « Pk « K
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Fig. 1. Study site and sampling stations (@).
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Fig. 2. Cumulative extracted NH,-N from sediments
as a function of numbers of extraction. Data are
means for 13 core samples and error bars indicate
minimum and maximum values.

BEEZ6MNET I EICk, BERTOWRERE
NH-N 24 c %722 & A2 L7 (Fig. 2.
JESE [ B 7K & WS B8 NH,-N #l HH #i © NH,-N,
NO.-N, NO;-N, PO,-P 34—+ 7 F 54 % —
(SWAAT, BLTEC) =M wTiE=L, NH:-N,
NO,-N, NO»-N o&5E%A2 N & L1z, EEDEKEKIE,
PRHGAREHE 110°CT 2 Refdlsze L, b LcEHED» o
H L 7o (BREE, 200D, F 7o, w2l s H7cilk % 63 um
Szp0THd, Wil LB OERY 5 SR ERY 1
(Eleftheriou and Mclntyre, 2005), TOC (&, £HGA
Kl ichgik » 2 oLk Tk L, IN-HCl Z 4L TR
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Fig. 3. Horizontal distribution of mud content.

(a) 0-5c¢m depth

(b) 5-10cm depth

Fig. 4. Horizontal distribution of TOC.

vy o Lzlrkd 2RAEZTV, CHN 2 =4
(JM-10, J-Science LAB) THa#r L7, 743, 30cm
DgETE, Siric 2K EPERIT & 80 - 1272
W, JKEMBKDO S 0~5cem, 5~10cm O & % %}
RE LT,

3. & R

3.1 EEOFESH
3.1.1 ZREQCFEESNH

GIEROFH N % Fig. 31Rd, S 0~5cm D
GleRE, HEETIE 20.5~98.9% CFH78.3%), #
b T3 83.3~98.5% (P15 94.2%) THML, H#F
5~10 cm 13, HEE T 23.8~98.9% (-4 78.3%),

HEILTIE 88.2~99.2% (F1594.2%) THML TV,
AT, BRILE (B4 SEOEEM (B8 OB
T 0~10cm T 21~47% LKW EZ R L T/, %t
TEABNEE (R T83~88% &P EWETH -
720 B4, B8, R1 TflA 7 Hak oz < RAE L
TWiciew, TR BETEREVERVEEZ LI D&
Eiohbd, i, REBOHHEN (B8 <&, &EO
Hossh L b pEfilTin C LS (RS, 2002),
M RBEENEE L ohn, BEanicicoluEz xR
Lictiigans,

3.1.2 TOC 2EREDFEAH

TOC &6 &ED PN % Fig. 4 1ITmd, HEE 0~
5em @ TOC &6 &= 3, #MHEE TIE 6.6~22.7mg
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Fig. 5. Horizontal distribution of adsorbed NH,-N.

NHs+-N in Porewater
(gmol L")
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(a) 0-5cm depth
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(gmol L")

(b) 5-10cm depth

Fig. 6. Horizontal distribution of NH.-N in porewater.

gDW ' (°F1g 191 mg gDW ), FHih <& 9.7~
29.1 mg gDW ' (V45 20.3mg gDW ") ToHm L, &
& 5~10cem &, HFE T 6.8~23.6 mg gDW ' (OF
9 18.4 mg gDW ™), #¥Enh i3 11.8~27.6 mg gDW !
(F1920.7mg gDW™) THfML TV, & 0~5cm
E5~10em icBIF 5 TOC EHFEICOWVWT F-REDB &
O t-MEZIT - 7GR, HEB EHBhoRMIcHEE
(P>0.05) FHoniahr-rtc, T, SRS EFHEMLT
FES 0~5cem & 5~10 cm Ol 3R —E L T
Wiz, FHAEMIS ORI, BEE T BRI (B
EEOEFEM (B8 T, FEM T IARIFO
RD TRV ETH B, TNHDOHIETREREKGK
W Ep D, KIEMTICHERND S D SR T 23HERE L
WK VWERETH s o Ll N 5,

3.1.3 &ERE NH.-N EDF @S

45 RE NH,-N # O % Fig. 5 1I0R T, ES
0~5cm O W # R NH,-N & 3, #E&E T3 0.5~
3.8 umol gDW ' (g 1.8 umol gDW 1), FEith<id
1.9~14.4 ymol gDW ' (}#5 8.0 umol gDW ") T4
L, & 5~10cm ¥, #HFZE T 0.5~7.0 £ mol
gDW ' (3F15 2.4 pmol gDW 1), F#ith©d 1.6~
17.2 pumol gDW ™' (CF15 9.3 umol gDW ™) TH L T
Wico WERE NH-N & OIS Tk & B 7R U,
SEMICHEE TR, #AhTceEWI L TH B, F-iR
EBLV-REZT- KR, HES 0~5em 2B %
RS Lo THEZE (P<0.05) a5l
F 7o, WERKIETIIES 0~5em & 5~10 cm O
BE NH,-N B33 EEEO VS e R L, ES 5~
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PO4+-P in Porewater
(g mol L?

(a) 0-5cm depth

PO4-P in Porewater

(b) 5-10cm depth

Fig. 7. Horizontal distribution of PO,-P in porewater.

10cm TRV A S e, MEE DA (BY)
LMD AINF T (RD 1261 5 KERE NH-N &
FEL, ZORBMI TOCEERLMAKTHLI LMD
& OBIEMEA RIS N B,

3.1.4 mE/K NH-N, NO;-N, NO:;-N EEDFmS T

Bk NH-N J2FE o S50 1h % Fig. 6 1SR d, FES
0~5cm O [HB/K NH,-N R &, #EE T 75~
625 umol L~ (°F19 286 umol L™, FHFih T3 136~
563 umol L' (#9290 umol L") THML, HES
5~10cm 13, FHEE T 91~886 umol L' (CF-15 370
umol LY, FH¥Mh < 107~778 umol L (514 324
umol L) THMHML TV, ##& 0~5cm & 5~10cm
2B B MBRK NH-N BEICS 0T F-RES L Ut
ExiT- iR, HEBLHBEbLoMIcHEEE
(P>0.05) BAHontshr-7rc, THIRKERENH-N =
LRREBAFMTH B, —F, HEEOEEN (B8
CHEOARIFIE O (RD TEL, D& F5%h
ORI (B3, R5) T W\ ) 13 W # HE
NH,-N &= & ARk TH b, [HBRK NH-N JBE & g RE
NH,-N &0 #iEn A SN, 3, KK NO,-N,
NO:-N j#EF 13, i cER PR (0.836 umol L) &
Wch, HEE0~10 cm OEE L TEITRECS -
febo EHERIE NG,

3.1.5 RIRK PO-P REDFEST

Bk PO,-P IR OIS % Fig. TITRT, RS
0~5 cm DREIFRZK PO-P L, #FE T 10.0~93.6
umol L™ (3F45 38.1 umol L1, FHFEM<TIx 9.7~41.3
umol L't (G231 umol LY THMHL, HFEX 5~
10cm DR AK PO,-P EE X, #HEZE TR 12.2~
73.8 umol L' (°F¥5 435 umol L"), FHFE M <TIZ 16.5
~2T4pumol Lt CE¥21.Tumol LY THH L Tz,
ZEEX 0~5cm & 5~10 cm 1T 5 Rk PO-P R IC
DWVWTF-REB L t-REETT - 7GR, HAEEEH
BiholicgEZE (P>0.05) 34 oNEhoT, S
0~5cm & 5~10 cm O FHA T IFREFEMETH D,
AR (B8 o AR O (RD T
<, HEBOEEPEKMIFE (B3) TEro7, Th
S OFEHIE, [HBRK NH-N EE & fERlERETd - 72,
Lo, #BboREHKIIHT (RS DS 0~5cm
T3, MF/KO NH-N EEL I 563 pmol L' & F#uh©
i bEWEZR L 72, PO-PEEI 9.7 umol L' &
i TR bEWEAERLTED, MK NH.-N &
POP OHEMEHEICEVAH S5 b0 LRSI N5,

3.2 EEDHESH
3.2.1 FREOHEN

SREDEN % Fig. 8 1/RT, KD OHILT
32T 8% L EDE W EEZR L TWeh, HEED
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Fig. 8. Vertical profiles of mud content.

AUALE (B4 EAEDEHEM (B8) TRE4AET 20~
S50% R ERWETH - 7o, 7z, BFEREEE (B6)
TREVER SRS, F@RbhIsl (R2, R4) TIEHE
S 30~40cm ETEWEE /R L 72, B4 & B8 TldAfE
TEVWERRERLTVWS I &5, HEEMNITICES
PIRBNPELCTEY, bR L, b
DEEZLND, —H, B6, R2, RA TRIESITL-T
BRBNEL B 120, BECHNOE(LLBEWED NA
PITERS & - IRl REEDE R 5 5,

3.2.2 TOC 2ERAEDHRENH

TOC &HEDME/S % Fig. 912Rrd, TOC &f
BICOVWTF-REBL P t-REZET - 1 EER, WA
LM ORIcHEZE (P>0.05) 3A5NEH -1,
AN (RD LAOHBE TR, HEOWEBIEE TOC &
BEMEOERISA SN, TR EHERHMARVED
812 E B OHSNRDHEA T Wb EEZ BN B,
—%, R1 Tifhoifhi & 135R5 0 10 em LIETEWE

ZRLTOI, AL TREZ IR OMOUIDIcED
WY IS 1E L D, TRITEEO R TSRS O s
MEOMMBHRPE LB B s EFEA LN, i,
R1 AR NCAE L TWB 729, oMbl d b
IKIERFEDRNDFR L, Hlh ki T28HERE Lz < WIS
ThsEHENSN B,

3.2.3 WiERE NH-N EDHEST

W BE NH,-N B O E /1 % Fig. 10 1S/Rd, FEE
0~100 cm O 2T BV T, WKHERE NH,-N 833575
TIKL, #HEbTEHVHEHEINSS SN, FREB LT
t-HRE 21T - foAE R, MEBLFHRhoOM THEEE
(P<0.05) »HERS NI, HEEDOWAERE NH-N &=id
S AN B 1S ZEA LI 13 78 7 > Foo — T, ST
&, JEEBHEKPIAE (R3) ©EEE 60~T70 cm, FEESHE
KE9AHE (RS @ 30~40cem it — 27 23db b, fhoth
MEDbEOEER L, R3, RS TR TEERY
BLCEhSEERLENZ TR HFEL, GO
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RN EA P T VWRETh > o EHEE s 5,
NH,-N o3, EEREMNNSVWEEL 56
mad b (fik 5, 2006; Raaphorst and Malschaert,
1996), &GieXnm < RIS RS2 RS, RS T,
L2 DO NH-NBEEIWRE L EDEEZ OGN 5,
Fr, WERENH-N&E, E-/oFsgTl, FEL
BEEWEZEZRLICZ &0 S, HEFFHOREVWEREVWET
BEERM O EPESBERE NH-N s&EREL TV
DEEZLND, 58, FAKhools (R1, R2,
R4) TEBAERE NH-N OER N A SN 1Eh -7, R1
DES 0~10 com JB TR ETRFRIME L F)1 D & D L ibfk
BowErZITcwicbnEFEZL 6N, £/, R2,
R4 T3 30~40 cm [E DI ERF DR V@M H 5 T &
» oW EICEEORELEN B - 1o AfElA B B, TN
DOEIc kD R1, R2, R4 TIIWFERE NH-N »EFE L
insfcbd LI N5,

4. & B

41 EEORBESHEHHOISER
411 BAHRYSRICE S NH-N OERK

TOC &7 & & WiSHE NH-N R OBI% % Fig. 11 127
9, 6L TOC GHmDHE OWAERE NH,-N 2% 4 5
&, BEE X bFEbTEVWER SRS NI, B
ENH.-N 3EBY s fRic kv EL (P« —HF,
1995; 1A 5, 1998), [EE~D NH,-N O EHE 13185
MEWIE EEy (ffk S, 2007; Hou et al., 2003;
Weston et al., 2010), TN 5D Emo, BEKPD
5y DMK NH-N OB RED s W FHEMEE ICB W T,
HHRYIS R cER SN NH-N 2, KoE2LER-LT
xhboEEZIOoND, 2L, FHEMICBOVWTE L
TOC &HEOMEIT b 75 2 KERE NH-N |4 /R L,
NH,-N O Apkid, EEORE, GOk, mES
OB - fLEWNEHCREEZT L L0 D
(Abdulgawad et al., 2008; Yang, et al., 2010), &4
HHSEO NS DEEFFOEVHKEE LD EEZ
bNd, BB, AMTELTHEMLDOES 0~10 cm B
DF =40 TWV5,
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Fig. 11. Relationships between absorbed NH,-N and

TOC in sediments.

412 EHICE!F S NH-N ORHE

W % & NH,-N & & [ Bk NH,-N § B o B % %
Fig. 12 IC/R 9, #iFE & @t ixdtic, W&k
NH.-N & & [k NH-N RBEIC#E O IEOMHREN A S h,
EAREYE L c s, MR T R =0.92, FEMhTi
R*=0.83 Th » 7z, UREROMEE FHEBE DO SR
EVTENS, WHEENH-NE&SELCTHNIE, #HFE
A oMK NH-N BENSWEE RS, #5152 L,
B\ OEmVHEB O, EED» S NH-N P& L
TWEFZ B, [EbEOEHAIGEEOHETERENTE
» (Weston et al., 2010), AWFFEOFEREAZFHFLTL
b, Fio, WanEsVEEEEND NH-N OlEE
WIS, BT 0~10 OFE T REEEF L 0 5 (fl
K5, 2007, 4y EIKE O NH,-N B B O BE#% 3365
WP ETEIE—EELB B0, #5Z T ERBEPEKFI OB
fift o FHEE it D IE S TR AFNIKSE D8 T 10 BRI &
TEFLAELTS, WA NH-N O & diEKo
LG LEREEEZEZ ONDS, 58, MK NH-N EE
T, FHEE LI STICIHIESZE A SN -
to (Fig. 6)o MIBs7K NH-N o &, Mk & KB
KD NH,-N EEA S & CEEZERRAFEST 5 (1l
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| o Isahaya Bay A Regulating Reservoirl
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Fig. 12. Relationships between NH,-N in porewater
and adsorbed NH«-N in sediments.

A5, 1998; BBL S, 2009) A8, TN SiToWTHpKET
REWEDI I - 1o GUNEEUE, 2011a) 7D EE X
5N 5,

4.2 EBEBKOSELIFICKZREEDOHE

EE L P B U 2 RERIBRUK & ERK DK EE
B & I-N/PO,-P % Table 1 12774, EEEBBRKD
EIRRE RIREKE D &<, FlA S NHAN RE
T3, HEVE T 500 £, FEEGH TR 100 f5Tdh - 1o,
HEBEE KD -N/PO,-P (3 Redfield tt (Redfield et
al.,, 1963) (JFHFT16) &b bHEITKL, W75 v
7~ VEEORIRR BRI EHRTH 2 LHfElls NG, —
77, PHEEHBIENE K 13 Redfield Hhoo EFIcZ@ L Tk
HIRRERZEE > TV, BhoEERMBRKIEATE
HAMADME, EEKIIMNBEBEGEREE=5 ) v 7#
AAEE (2010 45 4 H~2011 43 A ; 35S 6 HiS 0K
J&, PEEHh 2 o RE) oEERVL U EEE,
2011a), F7o, RPOMEIER NRMERBOME 0 &
LTHRHM L7, 5k, RO FEKEGH 1.5m L&
WicHERBLANDTE T — 7 13750,

B OS2 I EEHHEKPY E B S 2 & SR EA &

Table 1.
(POs-P) concentrations and the atomic ratio of I-N

Inorganic nitrogen (I-N) and phosphorus

and POs-P in the porewater and bottom water in
Isahaya bay and the regulating reservoir.

Regulating Reservoir Isahaya Bay
Sediment | Bottom | Sediment | Bottom
porewater | water |porewater| water
Min. 107 <0.71 74.6 <0.71
NH,-N
(umol LY Max. 778 15.0 886 3.57
mean 307 2.14 328 0.62
Min. 107 <0.71 74.6 <0.71
I-N
(umol LY Max. 778 63.5 886 15.0
mean 307 25.6 328 3.21
Min. 9.71 0.29 9.96 0.10
PO,P
(umol LY Max. 41.3 9.72 93.6 3.43
mean 22.4 3.35 40.8 0.98
N Min. 6.0 0.0 4.1 0.0
PO,P |Max. 58.0 83.2 15.2 9.8
) Tean| 169 17.9 7.9 2.6

T EF I RREINE L 5 (IR S, 2001; #H 5, 2011),
FEOR, KEOYIEREEEZE L BHY I av—v s
itk v, BN S REI O Z LBERE D% & Rk
BHIck@FIHEBII D W TR ZEDTWE, I T,
Z ORI L LT, B & 0 IR ORE A& &
Ao GG OREBE O E LT oA A L 72,
JUNERBURIE, HEKPIHE OB o Tl 24175 127
D, BURT 50 cm FREQE S O EENEEL - FHHERE %
BoELTOBELTOD CUNEERE, 2011b), BEY
2175 T &Ik b FHEEIN O IE W EIH TSR L
LD RWEIPHTHEL « BRI C 5 2 EMEA SN S
LM EEE, 2011, = I TAME TR afEET
10 em #e8iE L 72856 0, ERERMBRKD & O KBGO
wEARE L, B8, HEEREEOS LY ORFRTIS
ZALP IR — MK O K BE OB EF T EEL T 5
T, EEHEROTRBEBICER L TV, OWDhIEEE
7 REERHEZRT 6D TH 5,

L U 72 [BR7K D SR EBIG R & RE O E7K# %
WT, MEDOH C (gm™) %KD, CLzDHRHED
il A (m), & RS H (m) 2KARALT
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FRE MR ERBUK DR EGE L (g) &K1,
L=Y,(CA)*xH )

ZCT, 1iEMEAERL, HZ01m & L,

RAE DR, KE0% EFIT X - THIBKD Sl &
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Fig. 13. Mean adsorbed NH;-N in Isahaya bay and

the regulating reservoir. Error bars indicate stan-
dard deviation.
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Distribution of nutrient concentration in the sediment of

[sahaya Bay and the adjoining regulating reservoir

Masahiro Tezuka?, Toshiya Katano’, Takaharu HamadaT, Jia Rui",
Takanori Hino', Yuichi Hayami®, Yuji Ito and Koichiro Ohgushi?*

Abstract

In 1997 the reclamation dike, which is now scheduled to be opened, was constructed in
Isahaya bay of the Ariake Sea located in the western Japan. In the regulating reservoir sepa-
rated by the dike, information on the nutrient concentrations especially for the sediment is
strictly limited. In the present study, nutrient concentrations in pore waters and adsorbed
NH;-N in the bottom sediment of the reservoir were investigated and the values were com-
pared with those in the Isahaya bay. Sediment core samples were taken at 8 stations in
Isahaya bay and at 5 stations in the regulating reservoir in February 2011. Significant dif-
ference in nutrient concentrations in porewater was not detected between Isahaya bay
(NH,-N, 75-625 #mol L™"; PO,-P, 10.0-93.6 zmol L™") and the regulating reservoir (NH,-N,
136-563 umol L '; PO,-P, 9.7-41.3 umol L '"). In the case that sediments in the reservoir are
scoured 10 cm due to the opening gate, nutrients possibly released from the sediments are es-
timated as 7.1 t (5.1X10°mol) and 1.0 t (3.2X10'mol) for NH.-N and PO.-P, respectively. In
contrast to nutrient concentrations in porewater, adsorbed NH;-N concentration was signifi-
cantly different; mean values were 1.8 £mol gDW ' and 8.0 umol gDW ' in Isahaya bay and
the regulating reservoir, respectively. It is likely that NH,-N has been adsorbed to the sedi-
ments as the salinity decreased in the regulating reservoir after the dike construction. How-
ever, these adsorbed NH,-N in the regulating reservoir are possibly released to the water col-
umn when sediments are suspended with seawater by the opening the gate. For the accurate
prediction of nutrient dynamics in the regulating reservoir after the opening of drainage
gate, further study is essential concerning the sediment scour and NH-N release from the
sediment in the reservoir.

Key words: Isahaya Bay, Sediment, Porewater, Nutrient, Adsorbed NH-N
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