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Effects of Soil Loading on the Phosphorus Cycle in Estuarine
and Coastal Marine Environments
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It is well known that phosphorus is an important component in the eutrophication of
coastal marine environments and the major source of phosphorus are from the input of riv-
ers and from the release from coastal sea sediments. However, little is known about the
nature of phosphorus in riverine suspended matter and in the sediments and their behavior
in estuarine and coastal marine environments. The release of phorphorus from sediments
under anaerobic conditions in eutrophic coastal waters has been investigated experimentally
in order to explain the origin of the eluted phosphate. The results indicate that the origin
is inorganic phosphorus rather than organic phosphorus. Terrestrial soil substances contain
a large amount of inorganic phosphorus together with organic phosphorus. Therefore, the
origin of inorganic phosphorus in sediments and its loading process can not be clearly
understood without further information on riverine suspended matter.

In this study, phosphorus in riverine suspended matter was investigated for its chemical
nature and its behavior in coastal marine environments. Phosphorus both in the suspended
matter and in coastal marine sediments was divided into four forms: CDB-P (citrate-
dithionite-bicarbonate extractable phosphorus), NaOH-P (IN-NaOH extractable phosphor-
us), HCI-P (1N-HC] extractable phosphorus), and organic phosphorus (Org~P), following
the fractionation scheme of Williams et al. (1976a). Adsorbed phosphate (Ads—P) which
desorbs rapidly in sea water was also measured by the seawater extraction technique. The
results obrained are summarized below:

(1) Phosphate desorption and forms of phosphorus were investigated in the suspended
matter of the Ohta river and surface sediments in its estuary. Desorbed phosphate from
the suspended matter increased with increasing salinity. This suggests that the desorption
of phosphate will occur more extensively when the riverine suspended matter reach the sea.
In the suspended matter, CDB-P was the major constituent, in which more than 50% was
Ads-P. Concentrations of CDB-P were higher in the suspended matter than the surface
sediments on the river mouth and Ads—P decreased markedly during the deposition of sus-
pended matter to the sediments. These results indicate that the origin of CDB-P in the
sediments is of riverine suspended matter during high discharge periods, and that desorp-
tion of Ads—P takes place during the deposition of the suspended matter to the sediments.

(2) Field observations and laboratory experiments were made to examine phosphate
buffering capacity of suspended sediments in the turbid Chikugo River Estuary. Maximum
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adsorption and minimum desorption was found in the range of salinity 1.7-3.4. Desorp-
tion of phosphate increased and adsorption decreased with increasing pH. The equilibrium
phosphate concentrations (EPC) of the suspended sediments in diluted sea water were low-
er than in sea water. EPC in the low salinity range coincided with the maintained phos-
phate concentration in the low salinity turbid region of the estuary. From these results the
behavior of phosphate in the estuary can be summarized as follows. First, dissolved phos-
phate is removed by mutual flocculation with colloidal soil substances in area of the ex-
tremely low salinity region. Secondly, the phosphate concentration is buffered by sus-
pended sediments in the turbid water in the low salinity region. Finally, desorption of
phosphate takes place with the increase of the EPC in the high salinity and low turbidity
region.

(3) The process of soil runoff into Hiroshima Bay from the Ohta River and the com-
position of phosphorus forms in several major rivers in Japan during periods of high waster
discharge were investigated. In the Ohta River, most of the soil runoff occurs by terretrial
soil erosion resulting from heavy rainfall over only several days in a year. In Hiroshima
Bay, the load of CDB-P during these periods reach up to 68% of the annual estimated
load of phosphorus runoff, in which Ads—P comprises more than 50% on average. In
several major rivers in Japan, 25 to 56% of the phosphorus in the suspended matter during
these periods is CDB-P, suggesting that the CDB-P load equals or exceeds that of Org-P.

(4) A comparison of the distribution of phosphorus forms in surface sediments between
Hiroshima Bay, Osaka Bay and Beppu Bay was made in order to investigate the effects of
phosphorus loading by soil substances and its role in the phosphorus cycle in each bay. In
the sediment of the inner Hiroshima Bay, the major source of CDB-P was suspended mat-
ter in the runoff of Ohta River. Imported CDB-P was stored in the estuarine sediments
after the desorption of Ads—P with increasing salinity. The remainder of CDB-P, reduc-
tant soluble phosphate (Red-P), decreased during its dispersion into the bay. In the
offshore area, the libration of phosphate from the sediments occurs mainly by the decom-
position of Org-P. This phosphate is readsorbed onto the surface sediments from the
pore-water under anacrobic conditions. In Osaka Bay, only the concentration of CDB-P
decreased markedly in the anaerobic estuary, showing that the liberation of phosphate from
the sediments is dependent on the dissolution of CDB-P originating from riverine sus-
pended matter under the anaerobic condition. In the anoxic bottom water area of Beppu
Bay, the concentration of CDB-P in the surface sediments was also low compared with the
aerobic estuarine sediments. In general, the concentration of NaOH-P decreased gradual-
ly from the estuary to the offshore area with the decrease of mud content of the sediment
and did not change with the dissoved oxygen concentration. The concentration of HCI-P
was higher in fine sand sediments.

From the results of this study, it is confirmed that the runoff of soil substances plays an
important role in the phosphorus cycle in the coastal marine enviroments through the de-

sorption of Ads-P in sea water and dissolution of Red-P under anaerobic conditions.

Key words: sediments, suspended matter, estuary, soil erosion, phosphorus loadings,

phosphate adsorption, phosphorus forms
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Sample 0.1-0.2g
0.22 M sodium citrate
0.11 M sodium bicarbonate
0.2 g sodium dithionite
20 min 85 C
Extract
f
Residue
1N NaOH
16H25°C
Extract
Residue
1N HCI
16H 25°C
WATANABE
Extract and
OvLsen
(1962)
Residue  Rgduction Method

'

HCHP  NaOH-P CDB-P

Fig. 2-1. Fractionation scheme of inorganic phos-
phorus after the method of Williams et
al. (1976a).
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Fig. 2-2. Sampling stations in Ohta River and its estuary
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Fig. 2-3. Time series records of discharge (m’/s) of Ohta River for 10 days before the sampling

in 1990. Arrows designate the sampling time. (from Data of Ministry of Construc-
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Table 2-1. Statistical values of each phosphorus
fraction in the sediment samples at
Stn. 1 (22, July, 1992) using the
method described in Fig. 2-1 (n=
8).

CDB-P NaOH-P HCI-P Org-P

Mean (ymol/g) 826 254 276  6.75
S.D. 032 016 013 051
C.V.(%) 385 630 475 7.6

WREEER

WREEY BOTREORS CWERE!) BRE
DOEEH
dWA a5 & Sal.34.4) oA RiEK

oo Sal.34.4, 2000 mg /|

o/
/ /‘/A Sal.15.0, 2000 mg/ |

-4

Sal.34.4, 500 mg/ |

A10J

=

e /°

3 0 A/

t 5 A/

- OC/
o )

* Sal.2.0, 2000 mg/ |

0 T T T T T
1 2 3 4 5
TIME (day)

Fig. 2-4. Phosphate desorption at 20°C in sea water and diluted sea water from the suspended
matter collectd in the Ohta River during a high discharge period (22, Aug., 1990).
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104

PO4-P ( ymol/1)
x/O /.

# - BE 1982), COEBROEHMOFHIBRE L
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DEFRIZSOICEITTAbDEEZ LN S,
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WA (Fig. 2-5) I0& T, BB » 5
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HEROBETR LI,
WTEROBE LI E S & B S ERRE
AL, ERSEE TR S WEH, BB
B G210 B AT TITTERA T LT 5,
ReKBEOBEY (6 A15H) EHKkEHR (6 A

sample 100 mg -

+ filtered Kuroshio sea water 50 mi
( PO4-P=0. pH 8.2 ) repeat

shake 230 rpm. 24hr. 20°C ’
centrifuge 3000 rpm ( 1100 x g )

filtrate ( 0.45um membrane filter )

colorimetric POs-P mesurement

Fig. 2-5. Experimental procedure for determin-
ing adsorbed phosphate.

Suspended matter
¢—e 15 June
Sediment

o 19 June
x——x 26 July

\.
\
\o\ "~
X . T
\'\
oo o e —ee—.
0 L T ¥ L 1§ T LE T T L L] T T T L v L
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
Extraction number
Fig. 2-6. Phosphate desorption from riverine suspended matter and estuarine

sediments into sea water. Note that with each extraction, the fresh
(PO,-P=0) seawater was added according to the procedure shown in
Fig. 2-5.
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198) OFRBTIEHHEBIEI0EHaTEd» 5 1)
CVERRE ORI T » 7 BY, ) D EBOBER
PR E LA 17EE T TV, IR L,
WAL L—r AULEZEB L7 A26H DIKIRD
Wh, MELSEIET) VEBROBERIZIZEA S
o Tnh, T, WIS RIC A TE
e a4 &, 0B EIZbh - THRAIZHEK
BT 5 BT OB T AT S 7 AT
SHEETAIERRLTVA, JITid, b
0@ F ETOBRREELEREL, ThiBERE
) o EE (Ads-P) & L7,
KENBEAESREY L A ORBIROLERE)
YBeER C,N,PHR L & &I Table 2-2 12
R L7, KENBEY OFBERES I FEKE
ZEHTH 3~5mmol/g BIET, FHWE
BrrEzon, FOBEAEKLEWETD
b, ZICRLIZRER) VEIZIE, BEYR
R DOFKERE) SEFEO)) CBREENSD
DEEZONLD, RERY CBEEABER
Fw L OBICIEHELRBRIEE (, BroEun
LB UEBEEREOKE 2E W (Fig. 2-4)
PHb, FOREAEHKER) VEBRETHL D
DEHEE S ND, A BERORERE) B
EACUERICEEBE L TE L, ¥k (6 A
15H, 8 A22H) oKHINE&EH DL i
HHLWEERE) VEBEEOHGII20% U ET, K
ERE) BERIE 10 gmol/g U EIEL 7, &
iz, 2E7T N OBEBOWER) B
B (12— 17 gmol/g) IZULf# 3 5 (Chase and
Stayles 1980). L 2L, 3#AAS 1 BB L
W7ok ® 9 A20H (Fig. 2-3) OBEY T,

h

KA OBRBIEN B U TR RE ) s
HhVEVEERRL, BER) CBREOEED
N%BIETF LTS, Zhizxt L, WOsEeE
RTEIWFE L BREITEYICHEL TR,
BKE#D6 AI9H (15.4%) %BRVT10%8L
Tle-THED, HMABORER) VBEE<
EATZEERY AN O TR L, REIER
TEHBEARLTWELOEELLNS, SS
R S0mg/l KLt (6 A15H, 8 A22H) o
SEEROMEYO N:PIIZ4ATT, 94
200 EPABDILA7HO 7L EICHHE L TF
LR, M) v 2 RBICERLAELTL
EWEORAZTRMLI-bDEEZLNS, —
¥, FkE (1137 B) © Total-P E35E &
RS & 4% 50 wmol/g WL EITE L TWw 575,
Org-C BN, MAKFOBRETEMEIZ
HEELT, HEHELAOERF IS4 52D
LEFBNI ERIDPPRL D,
KRR IRYE & RORMEEOTEERY >
$AFK

Table 2-3 (2 KHN DR KBF OB B RE &
W ORBIROFEERN ) BT R L7, K
O &Y CTid CDB-P »EHERE) DK
Hor b, T050%LEA Ads-P TH 5,
CDB-P 3 &E Y OBEINTOIRRICHE LT
B, o) BIERTIE Ads-P BEORT AT
ELw, Thboid, KiED CDB-P OEE
KB KRISRAT BB EY TH D
Lk, A I/ CDB-P 2IERICIEET S
BRETHER) CRMEER TR RELT
Wb, %72, NaOH-P ¢ HCI-P TlI%&W

Table2-2. C, N. P composition and adsorbed phosphate {Ads-P) content of riverine suspended matter in
the Ohta River and of surface sediments in the estuary (Stn. 1).

Sample Date SS Org. C  Total-N  Total-P Ads-P Ads-P C:N N:P

P 1990 (mg/l) (mmol/g) (gxmol/g) (xmol/g) (rmol/g) (%) ratio ratio

15 June 700 3.24 205 54.1 11.3 20.9 15.8 3.8

Suspended 22 Aug. 138 2.79 202 56.2 12.0 21.4 13.8 3.6

matter 20 Sept.  20.3 4.18 256 35.7 4.0 1.2 16.3 7.2

7 Nov. 3.7 5.14 375 51.8 8.9 17.2 13.8 7.2

19 June — 2.74 151 26.6 4.1 15.4 18.1 5.7

Surfg?e o 26 July — 2.66 158 25.0 1.7 6.8 16.8 6.3
[

SeAIments 57 Aug.  — 2.77 167 25.9 2.5 9.6 166 6.4
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Table 2-3. Phosphorus fractions of suspended matter durig periods of high discharge in
the Ohta River and of surface sediments in the estuary in 1990 (,, moi/g).
Sample Date CDB-P (Ads~-P)  NaOH-P HCI-P Org-P
s ded 15 June 15.2 (11.3) 3.5 4.1 313
uspende
matter 22 Aug. 19.1 (12.0) 33 4.6 29.1
20 Sept. 8.5 ( 4.0 2.2 25 226
19 June 8.3 (4.1) 2.9 2.9 12.5
Surface
sediments 26 July 8.0 (17 2.7 32 1.1
27 Aug. 8.6 (2.5) 2.9 32 11.2
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CIRBEOEBEEIZNE (, REBENTELRKST
AT EWINPNZ B, —F, Org-P TiIH
KEFRE B L TRIROBESEY, 20
EHRE LT, SBEREEY ORI D 6w 3
O HEHEFR B FE T B R D Org-P A957
Ehapl b, HAROBRBEARYIIGZIN
LR LRERIEO KRBT N5 4 ¥ ADEIEICE
T AHERE, EXERSTIEME L KECRELRS
ZEPEZLNLD, ThEOMEEOHEEIC
BBRERABPHERTHAS DI TALENS A
Do

DED#EE»S, OMAKBEOBRE LEDE
FIzEINDY CDH20% B EDHEERE)
Bigkh TARICERL, tEE~0U 8
HiEE L THEETILENHL L, OF®
ZONBER»LOELR) Y OBERETH D
CDB-P O#EIEATEKBFO M) BHEW TH HT
ElrEeIE, O2AAREEN, Thb
OMBEIZOWTE, FNEBLTENEIZB
TFHMIIRE T 5,

AF - AORICE TS L
IRIRERR ) BRDE T

Fl=

WO W% - ARAR I, OBRFWED
BEY, KIE~OWERRE L DIZL BRE
e SR LA BT B U TR R IRE &
F7:LTw5b (Sholkovitz 1976), 4512, &
) BEOWRE - BHBRIENRO A% SR
CHE - D) Y ERERT AIIHI-T
RBTI+DOTELWETH S (Liss 1976,
Watanabe and Tsunogai 1984, Sundby et al.

1992), LAL, V) rEBOEE - &HHEALICO
WTORFRIE A% {, pH, 5, MILETE
MEOBEMLEES, BHYSLRETD) i
DWW AR (adsorbent) DEREMED B > TEFDHE
BIZRAHR S S, T7:, HEYEOWEE
TERIC X B84 v BB OREER L, #w
ERICE > TIERPHEEZLEL, TEMEILS
EEEEATR SN AHBEAR L IR RER
OO T, V) UERARBICKELEELR
FLTwAb0LEZONRLY, BESHND
B TEBBCBITLFOEER LR L 26
Bleu,

AR AT O8I, 5256 ~ 7km
B L EAIRAOTEFBHAL, BRAGH ~
BEGHOBM 2 RTHOMTH Y BE
1990), BAMZE 6m (ZZT AMWIERAICL S
JERDEFE LI LD, JE4E 100~4000 mg/1 @
BETEYNHE IS IEEEKEIEE IND
(i 1968, ftH 1980), ZOEEERFO -
BEHE XMW L LI - R R R EL
T A5 N B A & B O T BIRIZE B LV
FEBE$ 5 (({H - M 1981), fE-T, %
WIIEWE L) B  BRES AL,
FITAIR O ) CIERICERE B LITT Lok
EZONL, KETIX, fEIEOEEETL
L, HEWEO) CBEWE - BEAEE A
O« Ty SERICE XITTRELHAE
217

F1E AQ- FRIRCH TS LHYE
DEFHEBR) CBIE

AECTIE, S OO B ) A & F
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IR D RERTBL & AT, SRR AT 380
BT BERFY S BRRRESH & IR R OB L
DEEZRES L7,

bzl

FATIE, 19814 9 H15H

&
k) 269 A2l

e

- kA

B CNED) SN A & TE I A
T OER & RN AKE IR - 725 9 %
& (Fig. 3-1) TEHE L7z, Stn. CE-5 (T
KKBERFFCRAT A ARG AL 2 fsli L, #EGERA
BELZ & o TR £ 72 TR % 3 e
DI s oRETERB 2 £ L, &, EH

130°15°€ 130°20° 130°25"
J33°15°N
T
ol
S v
//Arlcke Bay ”\//
— )
[7//_/(/ 4 33010°
g
\ i/ &
v\\//
~33°05°
®Stn. CES
I o - -{33°00°
Stn.CE
Fig. 3-1. Sampling stations in the Chikugo River Estuary.
Table 3-1. Sampling dates and tide levels. (S: spring tide; N: neap tide)
Date Days Tide level
1981 before/after  Time High (¢cm) Time Low (cm)  Sampling time Stn.
spring/neap
Sep. 15 S+1 03 :54 68
09 :55 548 10 : 00—11 : 40 CR1-CE4
16 : 08 31 16 : 00—18 : 00 CR2-CE6
17 $43 05:04 50
11 :10 547 10 : 00—13 : 00 CR2-CEé6
18 N-3 05:39 57
11 :48 492 09 :30—12:30 CR2-CE6
19 N-2 06 : 16 76
12 :28 492 10 :00—13 : 30 CR2-CE6
21 N 07 :57 140
14 : 33 404 13 :00—15:00 CR2-CE6
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BLUPBHE) YBEREDOMNERIT - 72, Table
3-1 (CERHIE & BRI H 0 Ak B & IR E FOR
T, BoR-RAKIBEALHETEDL I
Whatman GF/C 74 V¥ —TAB L, ok
T —20°C CHEBERF L. AKROBEDH
ElL, 10mm AOLEL LT AWV ERKXEISE
£ (400 nm) (2B BHWAEE (O.D.) TERRL
Foo BOGEELOIXBEMEIRE (SS) IZHEAL
TH 700 mg/1 (ZHL TS (fCH - B 1981),
BHEY BB E DS E Strickland and
Parsons (1972) O HFFEICHEV, 77 =2 »
= M7 74— AA-IL &% vz,

5 2

9 H15H (K#) »5 9 H218 (Uh#ED) I»
FTTOES B L EBEDOSMEIL % Fig. 3-2

in meters

Depth

T

7

in meters

Depth

WRT, WEN Am 2B LKL PO
15H~198 T, Eo7ory bELTEY,
70y MEEOESORLIZEL {, HERSE
DERVHEARMOMIEOFE LR LT\ 5,

&% (O.D.) 0.5LL o> & &R im i By 12
Stn. CR1 #* & CR2 2/ TIER % il s
AT A, KETHEE (9 AISH) i3 Stn.
CE2 X Wi E+ 5, 1R300 LK
Tt 0.D. 120.05LLFCTH H, HR52501H%D 7
Oy METEREREHIET LTS, —A,

ANEEE (9 H21H) Ti, EE0.SLUEOEH
FEi# iz Stn. CR1 7*5 CR2 DKE DA I 5
LTHYh, 7urt OEFELIERLLTH S,
Fig. 3-3 (2k#l (9 A15H), @l (19H),

BLOVNE (21B) OBFY VEBBE LIESO
e %R U7, XN R, /N (2

Sep. 15 (High tide)

Z

Sep. 15(Low tide)

7
Fig. 3-2. Vertical profiles of salinity (left) and turbidity in O. D. (right) in the Chikugo River
Estuary during the period between spring and neap tide in 15-21 Sept., 1981.
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Fig. 3-3. Phosphate vs. salinity profiles in the
Chikugo River Estuary during the
period between spring and neap tide in
15-21 Sept., 1981.

LB AEmM OIS {, 50 ~250%;
BHCIX BRI 208 U CEfF ) Bt 3
pmol/l A TEEL TWwh, T & idxiEm
12, KEE OS2 ETIEa ) BB
B30 D# 1 pemol/l £C, (ZIFEBAIZ
HKFLTW5,

% =

R D% O IGENET O T, BT R
RE RS OBMRSHRE, rABRRE R ST
PRATIRG 2 R THGALVDIlsH L, U o8
R DEBHL VRS FR THEN NSRS
HEVXFLE LI SA TS (au s BT
Stefansson and Richards 1963, Tamar JlI,
Butler and Tibbitts 1972, 4% T-i1., Edmond et
al. 1983, 33 v ¥ —)ll, Foxetal 1985%).
I HOHBIE, KNI FB 42 iR 4
ERRWIZ L B Y BOEE VEERZERET
HLEEZOENTV S, WEINIIHIZB LT
25 LIT DI GIR T EPR I D 72 5 THAR)
CEEBIE DS 3 pemol/l HIRIZELEL THB Y, £
DH#MIEEHEEMOSAEME HL T
(Fig. 3-2), 72, 7Y BRBE ORIBRN A

2]

WG BIE2EE, 1R, BEO T O
MBIz, 7y XY AETIEARRE
JEDRA DR S v, HE0LIESS BITL
THy 360 mg/1 1M L, ¥E925L T & T
IREIRE A S /NEIEE 2 8 U CHE me/l~ B
g/l DEEFEORE TIEWHE L Tz,
SEEOTEWRIIRERIZE 7O e
WA IR A S O T8 E TOH 15km
OFEFBET S ((LH - B 1981), KHJI
BKEEO AN TP EOHAIZIE 1g OBER
HEDTIEWE A S WAKPIZ 1 EEHET, 2 pmol
DY) WIERT S (Fig. 2-4), £-T, ik
JIE FU O 868 IR E O 5546 L IEAE )V RRIR
Boxdisrs, TEDEICLHEBEEY VBB
ORFEEADS, ERIGORETHIZBS TS
CREREOERICEE Y RITL TV AT AT
FiEN5S,

% OO TORE LB VEBOBEE,
1 pmol/1 itk DB E A%\ (Liss 1976) 7%,
SN OO F (2.5~3.0 gmol/) D X5
iz, Ol ) EVWEERH T (Edmond
et al. 1983) O (0.5 pmol/l HIfR) D L S IC
INEVEELH L, TIBIZLEHY VEEOWS
FEIH L E OBV L S TR Y, BARICH
B KK TS HENAFRBRES
BORBLSEB LTI IEYIC) o BIE R
WETLZEPHENTHS (FIH 1981), F
7z, TIEOFOWM ) LERREIL, FOTEN
WL TWD Y CEERICE 5T ALY B, ik
Kb CONA ) RRBEL ) v BRIEE OV E
B+ 1.5 gmol/l LLFTH 2 DIxt L
BFEEOEL 2ED) VBEBREOEL{EVE
BECIE T o BEIERE L 10 gmol/l LA RIZ5E
4 % (Taylor and Kunishi 1971), fit- T, &
BRI IR BV B ) CRREEE, T3
BOEWE A LML, #OTEMEICETN
TVAWER) VEEEOEVICL > THEEY
ZITHBDEEZOND,

B2 AOBOLEYEICLZEEFE
CBURE OE TR

B EI DFLERIN A OSSR & L IEWE 0551 &



W - OO ) RELAR

B CERREOMIE, L, TEWEO) VB
W - BRI L BB VBRI ORBEE
Ay, ERICHDEESHIZB 5 ) v BiRE
DTN BT RITL TWAH I ERIEEI N,
RETTHE, THERIEY 57002, FERIO
oSS HIEMEO ) CBRE - BEAY T
PMEERIC L » THET L7,
Vil &

1985410 H o /\#i#E L2 Stn. CR3 (Fig. 3~1)
BTy - N—JIFRBETHCTRRE
LEzAB»LKER (0~1om) #EILL 7
FENFT O TR @z 6m (5HET A KRR
EEx LA S ERBIEYE I, NERICIEDT
R E £ O TBREIC BV CHRET S (H
i 1982)., Stn. CR3 13 )11 M8 o & L ik
HCAMEL, NI REECEEERER
Bt 5 LEM AR ROBEDEE D LEHICH
LU FORIIE > THBEL TV 2 (Fig. 3-4),
]RiRfk, #.L4r# (4000 rpm, 15min.) L CH
BKZOLIIEDHDOBRE) BT TEHIG
BELABRYF0OF THRE - BHERICHY,
B lghloh O - BRESICHREL, £

BIITHEYWHOEE 87

Bz v ErEIhvamilk (REEREK .,
% 34.4, pH8.2) & THIZHEBKEFEML
HRL2-#ARIZY B (KH,PO,) #iFIML
(0, 2.5, 5, 7.5 gmol/I), BREMZ TIE S
(230 rpm, 4 W¢fH) L, 3%, pH #&fbs#
THAAY) VEREORLE 1g RS/ DY
BRI E - ERE T RO, pH OFEBIC
i HCl F 7213 NaOH B % H vz, 72,
TNTOERICIEWITEZHZ 57201288 1E
AR (HgCl) iz 7z GR#%ErE0.01%)
TNTOEERE L OER) » BOSHHILEE
LA S 1VABDAIZATY, £ OBEKREBREH
WERE 4°0) L7, RiREBOKREB KF oK
W, ol FNFN 20.2°C, 5.2 Tho7,
Z D7D EEIT 20°C Tir- 72,

% S

B BB, B 10 gmol/l IZH
L7z 20m oK, AR (172, 1/4,
1/10, 1/20, 1/50) ¥ X OB AKIZ, Bl
LCHIBRAKZBRWAER 0.5g # A, VB
DR - BHELESOMBTRNTEREE
Fig. 3-5 |28 L7z, $5403.4 (1/10%FRi#EAK)

Fig. 3-4. Vertical section of sediment at Stn. CR3 at neap tide showing the deposition of resuspended matter on

the sand sediment.
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THE RATIO OF SEAWATER

Variation of phosphate adsorption (up-
per) and desorption (lower) against the
ratio of sea water to the total solution.
Vertical bars represent the range of the
duplicate samples.

DETIEZoOfmE & 612 »BoEEE Iz
WL, wERZES L, —F, E51.70
FTTHRRID) VBROBHREOEMLEBERD
BASEEEIN, RERORKELAREOR
AMEZ TR TIRSIES 2 BiICHEE L,
Fig. 3-6 iZ, pH #6.5~8.5MN&FHTE 7~
BFo> pH (EBRETHEE) K E 72i31/2/ K
kD) A - BREOBGREY R L, £
ERBH LG D pH L2 THED pH OE B i8R
T0.1BATH -7 pHOERE L2 »
BROBERIZEA L, BEEENNL A, @il
kAo pH » pH6.5~7.3 DEFE TiES
DEVIZE L) VR - BRECELOZEIR
INEVD, pH D ERE L HIZENEIDY, i
K OE#EY % pH @ pH8~8.5 Tidilgk &
12/ FHEKR DT 2 fE IZE LT,
EERFGR OB VBB LR, ) 8
DA, TZBERELREE L, KRG
D) v EHRE ¥ AL S BB O KBS R LIRS
&Yy LT Fig. 3-T 2 L7z, &3
B ARET I SBHETEASTER R
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Fig. 3-6. Effect of pH on the adsorption (upper)
and desorption (lower) of phosphate in
sea water (SW) and 50% diluted sea
water (1/2 SW).
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Fig. 3-7. Effect of salinity on the phosphate
adsorption isotherm (sea water: SW,

50% diluted sea water: 1/2 SW, 75%
diluted sea water: 1/4 SW).
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% - ABREBOOEBEDORTHEIIBITAS) L EE
i, EEY CEHEE (BES B TLHEY
BIZXAWERCDBERIIS RIS Vi
E) Thb, TTIURLE LD ICHBENF
B TIES2 LT OB THEEF) v EERE
‘& 3 pmol/l iR THEEL T 5% (Fig. 3-3),
B 5 (1/2, 1/4/HEK) 2B 5FHE) ~
PEEE, ZITZONOEEEBIIBITALE
L7-) v EEmAEEE —5 L, 2~3 pmol/i DEH
o7 T, EBRIZAWAEBREHRIZETN
HEBEAOY S EEERIL 2.6 gmol/l T, 20
BRAMZd o7, —H, WK (E534.4) T
(2EE ) CERIEREE 5 pmol X¥BATBY, 7
OWicBIT5 ) VEEBEILAE AU T TH D
ZEhs, HEHESEESICEE S NS
Sl TEME» DY) S BOBRIETT S
ZEAbr b,

% T

FTTIER L H I, KRIOE TR R%
Wy & TSRO TEER ) » M2 5, HEKEE
DEMLEY R HEKP CRER) VB ER
T B2 EAVRMEE NS, RIET OS] O
DY B LIRS OBR, EONCARE DR
Ao HEMED ) VBRE - BHELE
5 pH OBFED> S &, ARS8 E 25
B aR S NBRICRER) BROBRAEST
T5IEPHEINT,

Y552 LLETOESOMINIES ) L BEOE
BEOMN (P VBBEEOLR) 1, V>
B4 BT REBERPORSL L (C,
SO, 2 %) 12X AHIBWHET D) » BRAEIRAL
OTa .y ZERICL BB L EhTwb (Liss
1976), 50 (BEKIEWA A VHE) @
EEREMT T, BETEYHRIIEKPTOR
EREMSHFOO A FEIZEDY, ZOERIL
FEPERPE L BT 5. HEYEPICES
N5y rBOEEME (adsorbent) & LTI, £
KRV ERTH L LEZ LR
AAHT (FIHE 1981), K & BA DRI TidE
BLEWEsSEKYEoI0l FIEEE D
IZEEB % (flocculation) (2 & 1) &EREE AL
L (Sakamoto 1972), T O &EEHEIZ L D

o THEFY Y BROBRZEENHEMT 5 (Bal
and Morris 1981), - T, Ho 2R, HE
G 0ICB T ABEEDED & BT ORI 5
FIREP L0 f FENORILIZE 23 0EE
bbb,

—%, pHO¥IMIZEb %9 ) Y BEREE
DAL, ARG R LAY FED)
BeW 75 4k (Edzwald et al. 1976, Crosby et al.
1981) i JI|EEIR (Carritt and Goodgal 1954)
THHBLTEDOSNIBRETHY, HEWE
DY Y BEOREFRAEBMNICFLET S OH™
A2 EOTBEIEIZE 5 TR B2 EHIREA
& Ez bhb (Nanzyo and Watanabe 1981),

IDEHTEMEIZL L) Y BOREER
W& o T, /N IC T IBEARRICHERR L 72
KEETIE, HRWHEBKT OB S BRIRE &
BHREORMET ) 2 &% b, KRERDE
TRCHB L, L ) EBIEITR R
KPOEBEORE LB, EBRAOBIL
BIRET CH W% & b (Watanabe and
Tsunogai 1984), fit->C, HEPHEIZL B ¥
BOREZIZBIZKFTITbhEDALZ 6T, &
RRBIHRE L - HEWE D, RRESORET
BETTHEY LERBICEITh - HBEAkh ORISR
B v ByREL, BELOBRIC) URERE
DG KT CERT 2IEHOEETH 5,
7, WOEORG L THE D 7 HE T N
BOWTHEEKAERE CRREORKBRLEMIC L
LEBROEEX LAV ICL LERER B2
N THY (Kawana and Tanimoto 1981, M+
1992), KROBZLIZEL RS ) Y BOE
% - BB GERERO ) SRR AT RE
LEHTEILZVWLOHFHS I,

L EO&ER, e SN ARBN OB
PR - BHBRE Y Fg. 3-8 ITEXME
LCRLUZz. flH ot S BaE) Y BRIZ
7T I s i C SR B e KR D B IR
WA SN, FIBR LR E A IBRICRE L
Tz YEEE L IERET S, COTIEWE
RIS L o THE LAY, -
B w80 K L 27 6 EEE N1 ER A & T8 8
PRETLH, ZOBRCHIEWY IRkETEEE
I & DRI ESR SR (385 0 ~25) DR
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Fig. 3-8. Schematic diagram of the phosphate cycle in the Chikugo River Estuary (Ads-P:
adsorbed phosphate, DIP: dissolved phosphate, a: adsorption, d: desorption)

R AR RRE T A& FT) . MO
i 5250 1) T, BKEFOTEYWEO
) BRI B L BEREORD
25T, HEWEH» S OWERE) CBROEBK
TS B, 72, /MERFICEREBICHERL
o HiEE I HEB kT OBE) By WS L,
KB DT L OBIIKPIBRT 5,

FO - RO CEEERIRE L HEYE O
FAEE, U YBOM O TOREHEOHTYH
HETH D, M2 ORMENIEFT MBIk
BEEGGIEIRAZ R, TEWHIZLY
W S - FEEERRTLZEICLD,
TEBEOSVERMEETZTZH—RHEL T
hbDEEZONS, £7:, HATRIAHT %
HOLBEGEPOFHREBMOMOE (K
1990) 2BV T, @I AKECERIC BT S
NEZXEOLERNED) L BOWE - HHAS
i, WIEO Y L OEEA~ORSAKRE VLD
EHEES NG,

Alll» 5 DBREBEY > &
HOERE

ENE

HiE E TORKRD L, MKREOARTEME
POWER) CBISHEKTTER L, BEEA

DY CRAMREE LTEBTALENHL L,
o, BREOHNBERILLOELR O
BHHETHAH CDB-P O#EFEHEKEEIZ &R
Sh2BMEBTIEWME TH L REMITRE X/,

Inoue and Ebise (1991) |2 X % BB
DBITIZ, BEOWNAM D8L%HIEFFETEH
WaNdDIH L, U » TikFD88%HREHE
TRMINDL, T/, 7V OTIIERE
REOERREEMRE) » (5B V8 AFEN
BHREER) S ENEDIEIET AL VI H
# % & A (Chase and Sayles 1980), & 52,
BB OBMNEIZIOWTA L L, BBl
DFEDVFEROE/LCIET KD LD
Ll Y- 7 OBEWRE G 1000
mg/l lbE &%), FORBREHEFE I
REOHERE 2L 25 (HEHE 1985), F 7
Y— s ETit, 100N 7 — Y HoOBREDE
FHEEDSOEG DB EILET 560 6 i
#L T v % (Schubel and Hirschberg 1978),
T, VromlinrsomABEDORIEIZ
bl-oTid, HEWEATOKRESHEFT 5
HAREEDBNST TR TH 5,

L L% s, HKEEZANIPSE IS
TEME P ORI EMEE ) VAR ICOWTHR
EENLHNTL L, VIARFIZOWTE, 0
KETHE) PIZD 0 THFRE L BB X5
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Ky FTRAL, BEWORRET -7 B56
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Fig. 4-1.

Location of several major rivers in Japan where water samples were taken during high

discharge periods and sampling stations in the drainage area of the Ohta River for
measurements of turbidity (), discharge (@) and precipitation (Hll).
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ity and dry weight of the suspended
solids (SS) in the Ohta River.
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AI8HDBHED L H ITHEEIMERmIZA X { &
WHIBITLEBEL R Ay —ANRERS,
7TAH4B255 BICHHTIE, REOE(LT
EENITEBEFE I N VLAY, BRI
R 220 - 705N, ZOES
D2HBEWKLCT A ¥ AOBEREEDF —
Z L& HIZFig.4-4 12T, 7H 4 HDI9E
3002 7 A5 ASERBIGTD 2ODEEY — 71
LT, 784 B2~ 1580 K H] gk
B O(TE) LT (58) HH.0& 3 5,
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WZEETOTNIRBDONS,

NS QERRIE RS S F)I R OB ERE A
FOBORBEZFOLOLY, FH L) —FHH
Az ER S HWORE (BIEE) 7d 75
L o TELASNBEENE N LSS
%, Fig. 4-5 12, BHILIM %@ U T 50 mg/1 LL
L OBRE RSB S N, BEWIEE
DY — s FOBEOFEOER, %50
BAMREOY — 7L 70 4 ~ 6 B8
W NRBNFIED 3 L E TOR KT
EDORMRER L7, RABHTE L RBiRE
DY — 7 ITERBERIED 5N S (1=0.905
HEKEL %) 55, BBYREOY -7 LikE
EDOMBRFEDORLZV, TDI LR, Bk
BRI B M S 5 S HIEWE OB 4 I,
AN O EPIHERE L - R E omEOEN
12 & B (flush out) L 0, BERHIC L - TR
BaInfBEERIN, BRI G L Cli%
SN TEYROHSITEV N LEDbNE,
KRR LIRMEORERY) K
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Fig. 4-3. Time series records of the concentrations of suspended solids (A), discharge of water
(B) and input of suspended solids (C) during the rainy season in the Ohta River at
Hesaka, June — July, 1991. Changes in diatom cell number (open circles) in
Hiroshima Bay after the maximum input flux of suspended solids are also shown in

(©).

DH Y, BEERE (SS>50mg/t BL L) ITHREL (Table 2-3) & & HIZ/R L7z, 19904 ~19914E
TAHIEHNTELKANOBRELENEORE HRBOKBNMABROESELEYESD
) YRR, 1990F0EEERKEDT— 5 CDB-P & DF¥fE 1 14.2 umol/g T, T D
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ALREREY L BEOFEHMHIE, 7.7 xmol/g
(#154%) THot-, EREY X138 08
50% % &, FOKRKETIE CDB-P THhH 72,

F 72, 19914E ~19924E {23 C, MKBFIZIR
WA N7 EOFELZMIIBEDOREL) >~
W F KA OF7F— 4 & b Fig. 4-6 IR
L7z, BNl & AKENIOF—4% (Table 4-1) X

EHEERHCTHE, J@INIE s TeY) VigE
i, HFEN O 20 gmol/g 2 SFIBN D 71 4
mol/g T TRERBHNH LA, WTFhoidll]
WBWTHHBERE) > OEEII0%UTTH 5,
WA 0 Ll TERTEE L CDB-P
OEEIXERI, FIRN 4 EOFIRERE DL
KN TEL, &) rD50% U L% EDHTHA,
T/, KHJI, WEITLEERE) > OfR Tl
CDB-P NEHF LB - Tvib, JHUatL
HE) Tl EEERE ) > DT Ei: HCI-P T&
H, MOFMNELIEKELELE T 5,

% =

19914F DRI B O KB /I DBE Y &
=344 ton Tho-7-7%, TH4H~5H
?2BEOAT, BRHHHOSBREDANE
DYFOK 2T t HWEF L TR @I
KEARRETIHI8%), ZOHBMOBERE) v O
B &3 Table 4-1 O 1 & HEHKEEO
BEW O v iEE (42 gmol/g) » 5#) 26 ton
LTSN, BEEY CAEMOAT, KBIF
WIZBITAEFELERELED /-2 Y DH
FHEHE (0.4 ton/day; A 1990) 65
B4 T 5.

THA4H~5HOEARKPEHORKKER
1600 m3/s T &A%, KW TIRBIFI474 OHF
MIEAIZ I 6800 mP/s 12T AMENRBEENT
BY, 1600m’/s ¥ B2 HHARIIZEV, T/,
BRBE IR LL L Dok B e kAR L,
FrRE DR 28 57 — A58, 1982
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Table 4-1. Phosphorus fractions of suspended solids in the turbid water (SS>>50mg/1)

during periods of high discharge in the Ohta River.

95

CDP-P (Ads-P) NaOH-P HCI-P Org-P  Total-P
S SS
ample
mg/1 pmol/g
15 Junel990 70 15.2 (11.3) 35 4.1 31.3 54.1
22 Augl990 138 19.1 (12.0) 3.3 4.6 29.1 56.2
1 July 1991 59 17.1 ( 8.3) 3.1 33 21.0 44.5
5 July 1991 164 8.7 (2.1 23 2.7 10.8 24.4
16 July 1991 65 11.0 (4.9) 29 2.8 14.0 30.8
X+SD 142443 (7.7+4.2) 3.0+05 35+08 21.24+9.0 42.0+14.0

519880 7T EFOKANKET—5 (&
el | e 1984-1990) 12 X Uid, B FEH
245300 m¥/s %2 HHAKIETEY L TERM
WHETH D, T/, LEBRCBVT1IHDE
a7 100mm L EDBERIZFELTES
H#RETH L, hEBEOFEBREKEZ 2000
mm B TH Y, FERERERKED 3TD1ES
i3, E10 5 AREORHEEICERT A LR
Bo (EoT, 199147 A4 A~5 HOBIIEL
CH R — AT R, FEICHEENZ I RIZE
B, T bOsHEWEOBARSHLLDL
HEsnd, 20k, HEWEAROKE
ARG E =k [OF Lib-Tu sl aNE Lol I 2 R
n, ZOR, NEOREEREICERLEE
B LIFThoEEZLNL, ERIZ, Fig

4-3 VRL72EDIT19914E 7 H4 H~ 5 HORE
MOk, LEEN (FETEXKEFEITERNT
) OEEEOMBEEIIE (AL KE
b 1993), Kamiyama (1994) |2 & #LI19914
3ALS 6 AL BEBRBOBHFEERR
BLHEAY CBRBEEOL (N:P ) 27 AL
BEICHBILTE L, Ny REDIRBIZH 72 L
KhTWb, fE-T, 1914F7 A4 H~5H®D
BRI OEEEOMMICIIERBOMER) ~
BRPEELZREERALLDOEEZOND,

T/, ERILEBBEOREMIZE) REORLE
113 S BE 2 T b, Table 4-2 1219824
~19884E 254 L7 IL BB O KBRS (FE
HMRESEREOEE P 5H5HLD) OFT<TD
e (KETEDMNEEMAESBHR 1983-
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Table 4-2. Large-scale red tide outbreaks in Hiroshima Bay (1980 to 1988) and records
of the high discharge rate in the Ohta River within 10 days before the
outbreaks.
Year month/day Genus of red tide plankton dgifgrglee?;(grﬂ;//sgg)
82 6/ 1 Heterosigma —*
7129 Chaetoceros, Skeletonema 412(7/24), 444(7/25)
9/27 Skeletonema 443(9/25)
83 6/22 Heterosigma, Skeletonema 640(6/21)
Chaetoceros, Leptocylindrus
7127 Skeletonema, Chaetoceros 589(7/21), 687(7/22)
Leptocylindrus, Gymnodinium 1344(7/23), 443(7/24)
10/ 3 Skeletonema, Chaetoceros, Asterionella 1065(9/28), 448(9/29)
85 7/15 Prorocentrum, Chaetoceros 1762(7/ 6), 608(7/ 7)
86 6/ 6 Heterosigma 370(5/30)
7117 Skeletonema 711(7/15), 403(7/16)
87 6/ 1 Heterosigma, Gymnodinium —
7/28 Chaetoceros 590(7/19), 745(7/20)
470(7/21)
88 6/ 2 Heterosigma 296(6/ 2)

*: No record of high discharge rate.

1989) &, ZEAERTIOH BLAPIZER & -kl
MoK (EZAMIE 1984-1990) *
L7z, Heterosigma OFRETIL, xHipd 41
KELFATEDL LN LWy =24 H 55, Zhl
SO RBUEAREIE, B4R B LTI BF 400
m’/s ML EDBASRFER T 5, KE/O
it 80 m¥/s BETH Y, )l OHiKA
KRBEERE & BHELERES D2 b s,

% B, JLhEETIE Heterosigma O 8 D )
DEAGNBRED SO+ EDNITEE (1980~
1988 DEAR) 5 ATH2S 6 AWEIZHTT
BHEHINTBY, KEOFEFFORECEE
LEEERIILTWLRLOEEZLNT VA
(K¥FF 1989),

FHAREDOTEEL LTOEMHOEEMIZS
WL BB LA & XK B T O Gymnodi-
nium O 7 ARBOBEF B H FoND BEFE
1972)o $7:, FHEBETCLREBLEOSRLEL L
TEMICLBERBEMBIEH SN TS (K
H 1991), Heterosigma H#OFID L 512,
FORE IRBESFUNOERIC TR SN S
HHRECD, REVEWOEEIZLER &M &
LTOEYPBRZ S E2Z2 5 Y OBWIZONWTIE,
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Fig. 4-7. Relationship between the CDB-P and

adsorbed phosphate (Ads-P) in sus-
pended matter of the Ohta River during
periods of high discharge and the
estuarine sediments.
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FH B AR O B B L R E P DR ERE )
8 (Ads-P) 3 F¥ L T CDB-P ®50% Ll L
2 EDHTVDEY, TOREOEFHVIELHOD
B CTd b, CDB-P (ZIZFRMIEN T Tl
% - BmBT ) CHs (RERE) OB &, ik
SEHETCBEETH Y VESOMEPEENS
(JHIE - iR 1983), KA1 HMFV72ED
19904F 9 A20H OHHE Tt B L T
AR TENEOREERN ) VBEIKVA, Z
NS5 CDB-P, #i2 CDB-P 25 T W A%

B CRIEE O HEETH S (Table 2-3),

TN MRS, 19914E 7 A 1 H OBKAMH O
FHHE) VEEELT 8.3 pmol/g EEVDITH L,
WA %D 7 A5 A 2.1 pmol/g £
TETL, Moy YESICHEL TELWIRE
DI TFTHEED L7 (Tabled-1), IThbHidkE
FOBIRTHAIZL - THE LR ORERE) >~
MHAITHEVCH SR GERILE),
DB TIEYE ORERE) CEBIBELIKT TS
ZritkAbDEEZLND,

Fig. 4-7 (2K B C3K@ I8 (Table 2-3)
L KEREDOWRAEREY) KR L CDB-P
LOBGBERL:, HEET —EDLDEALYE
IEEIE 25 6.1 pmol/g T EA%TIT 1 OEAM
BAES LN, BETIBWEOWERY) VR
R AR L o TKRELSEILT B4, 1§
SO IRIZB T BRERE) VBROBERD
#HE CDB-P @) bHEHEIZITIT—ERE
(6 pmol/g AifE) & T N ABIFRMEMT THBE
L2 WES AN LSRG R ICHERE L, %5
boLEESNE, T/, ZTOHIZ CDB-P
ST CHE D TR KB A & B3R A A TRBUS
WA+ AE1E, Strom and Biggs (1982) 12k »
THHESNTEBY, BEE) VEOMITKT
OFEHBEFRBRLAIDEEILND,

SEOFERIIZH VT CDB-P 13 %E
B @ Total-P D25~56% % 58, HWKED
ANEEBHO) P OEBELRB T EE >T b,
FH QR T 1334 KB O] )| FR 85 DAL
i, BERBERICL - TRAESNAELLIRTD
rEZLNDL, —f%IZ, BEHEIZE) Y
BIEE ORI L ) ERY) VAKEIZERLT
VW, BEETEOS) VERITLBOEEI

Lo TKRELEL LY, EEOKRBHTEOS
) B A pmol/g A 53k 10 pmol/g DE
FTHBHDICH L, B#F# TI3% 10 £mol/g
58 100 pmol/g IZET B, T/2, FL—}
HiH ) > (EDTA WiEHE#ERS) », pH=5) T
i, REHEESY pmol/g LT THBHDIC
L, A+ TIE 100 gmol/g #B2 54
EbHDH (BHRAKEEMSE 19, 2D
EDTA fiii#iciz 7 » b+ Uy a9 E& T
Twh7®, CDB-P DA% 53 NaOH-P D
—ERoME s NS AT (i - EAR 1982), AH
HEDORERPLDHEEE NS LS IZ, NaOH-P
DEEIXCDB-P IZEBEL Th LKL
(Williams et al. 1976b), EDTA W] {EREMLE
> 1t Williams et al. (1976a) O FEIZ L 5
CDB-P B BAAE V) YET EEZ LR
B, H-C, ERI, FIRN R EoRTINT
CDB-P i#EAEVER & L CIERCEERH
BEFOLG A S, S O 2 TR0
DEEBHITLNL D,
KHENOBIZR SIS LI, BEYTD)
VRS0 S H CDB-P & Org-P 8B T D
EHKE L, SROMBEF OHTII—HH%HE
BHEATD - DITIZ TR TR VAT, BKEFRE
¥ CDB-P OBWEITAEE) VIZL#ED
L EFns LEALDEHRET LI LHITE
L9 KHEINOBEARE OB TR E ORRES
) VHBANL BB ISR AT A TIEWE OFRER
YR ERETLLOTHLERELT, BE
DT — ¥ LILBE~D) »OFMARRE L
£ 1 AR OBERE % AN 1 Fig. 4-8 IR L7
HAKEOBMERE) » (DTP) OREMIZOWTI,
HEBIZHEATAEMIOEKEOREY, KX
B o & Mkepng @REmE
1984-1990) DRSS B L, WMAROBEF
iR % RH)INC B B KR OB (1§
At 1990) #5651 pmol/l LIRE LEH L7,
37, B fIR (1990) X, #ENE
LT BT A BKERO SS AL, HEEWIZ
Bi7T5HSSO8%ERELONTEY, KB
BIZBWTLFEFIZSS% TH D ERET T,
LEBEOHEY~O SS OBITE (2.3X10°
ton/yr.) A5, ILEBEOUKEED SS AifE
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Fig. 4-8. Annual inputs of phosphorus into Hiroshima Bay.

iZ 2.0X10%ton/yr. &% 5, BWABOERTIE
WHIZEINS CDB-P B ERFERY VEES
T, TRNENRKENOFHED 14.2 pmol/g
& 7.7 pmol/g & T L (Table 4-1), KK
DILEE~D CDB-P B &% 880 ton, #
DILWERR) JERICE A CAETBTRIZ 477
ton &% A, ILEBENOKEMREAEEIC
L5 L ABAT R OHEEMEIZ 1300 ton/yr.
(3.56ton/day) X EhTEH (LBE 1982),
¥KEF> CDB-P, &R ) Y BEO AR &I,
EFNENTD68%, 3T%IET D,

—7%, iR (1984) 12, HEBALENE
HECENFEBASEB LAY, LBEBILE
FEER>PLDY Ly OBFHARNE% 400~750
ton EHEFE LTV 5, @)l[5 50 CDB-P &
#HITFINIZREI LOTH Y, wlEED
CDB-P »ER»LHEHT L) v oL LT
BETHLIEFREINL, ZOMOETTIE
LT, BBIIBITAERANIE, BPE
BRI RERKDBTY v BRRE IZ L
BEBIIITH Bk 199D, BREICEsT >
DEMB RIS 15 ton/yr. (Bi% 1991) T
BB OM N BRI BT IUIERLE L L0
EEZOND, R, EEBOEMEREERE
& (# 1000 ton : JE BHEFHE BB H AT 1992)

LN FOREREEBTOY VEFE BU0R
1986) 2 HHfEE L EEHIZL 5) Y HARER
%) 67ton T, BHMEEALTORBEFEZELK
EVEELN D P HIEARFICHES LT Z0H
Fi/hE v,

ZDEHZ, BERPTERICERT 55 RE
D UEBRRPEBRERET AN TS v 2 &L
CDB-P i, ¥AKEomIEEHHD) v OFE
Bt -THEDH, FORAMEIIRRE»S
DY OBEBEFREICILET 5. T, @
PHBEM SR/ CDB-P IIWERE") DR
Bitk, ERIZEKBRL, REEER» SO VB
DEHRRELZ>THBDEEZLNL, 2D
BIZDWTIEBEVETERE AL ERORER
DOFEER ) VR E FOTHidH, EHIIEE
rHDL,

BVE NEBREBEPOHET
)RR CERERE ) 18

R

A S B IZ R S R migEe ) o
DEFR, KRIODY » OEHEE T
BIzHIZiE, KRFOERENY Lk e F 05
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FEHL,IL, AFERY COKEPTOE
BIEYBHAT A EIIERICEETH S,
Williams er al. (1976b) iz T V) —#EROLRE
U MR EFOGHNG, ALY VIEEF
KERESR/-NARY, EERIIEEENS
ELTWAES, ETRERD L ) ICHEESR
BT TOWE) Y BOBEHSY, ERFELLALA
BB SNLI DS VWERERB KO
BIZL 5T, FOSMEERIIBOBE LI
KELELALDEEZOND,

HEIUE R O MHERE ) o DOTRERIMLIK %
ICHAAE LB, bAETEIEFEIILRL, b
$°#*{Z Chang and Jackson (1957) @4k % A
Wiobg (1986) 12 & D KRB &, Williams
et al. (1976a) D FFEFH /2B (1988) @
HBEBONERKHLDATHS, LHIL, U
COBEHEEEZ 5D CDB-P OfEFERL %
OEECETAERII R L, AINEEY &
FIER D ) » OGO #E 2DV TR
EXNFHIIEE AR, KRB ORERY
VHBEOHESAICEL Tk, KERE O%
1986), HIKFE (Yamada and Kayama 1987},
%S IZIRBE GEA - HE 1982) OWED
Hh, BHLRTVEED) - (CDB-P 7
AR V) i, RE-LEE U FORBIC
BLELGFIELTEY, ZRURTREH 2R
BEOBLHBERLNDGEENEV, KRERIZIL
FEHERE L IR O ) » Ry 77 » &
FrEEOY I, AW - AEFERERICE 5T
FOWREZREZ 28O —E5idlKF Iz a&EI
ARLTWLEDEEZLNE,

FRETIE, BELFREOERET 5 EFNED
REMZASEERNBETSH b, IDEBEFIC
bFNFIE N OEER RSO S TH
725 14k R R OILBE, KERELR 5 NIRRT
BBV, RBIRPOERER Y VK EZD
SA F WERE L, INFEREBEROKIRT DR
B v OENEE & I A BRTREY O
EELEATAZ L FAMNE L

F18H LEBEERIXBEDORER
HERR

[ BB AT A 946 km?, IR 25.6 m (FF
F 1976) TENIZBAIZE > TERRELEE
BRIz oh, BRHTEFNEORTHE
(BB ORR IR T KR ATKEE 20m DUT
E%oTwh (Fig. 5-1), 72, LBEIIIEK
wmEoKEN, BEEO/NEI, R o—E
NASHALTHED, WIIKOEEOIHEIZHE
R TH 5, T, KRE~DBEYOHR
HHEIR 2.3X10%ton/yr. E REEL SN THY
(Bhn - 3R 1990), Chid, BEWERKAD
WINTH BENDHAT HRKREOHREN =
DOHEEM 2.0X10%ton/yr. * EHl > T3 (B
- HEIR 1990) o TE BB OB EEASABRE O
f& (1,529km?) XA LEEET
X, EBBERETNETL B TIEYE
DAMOBEFFRIIEZITARETH L L HE
EEND, '

434°15°N
Fig. 5-1. Sampling stations in the inner part of
Hiroshima Bay.

ARETR, EANBICRAT AN OHTE
SO EEFEORBENARAT HILEEER
EIZBUT AR A OXRBRPORER )
HMEEBHOLIZL, &) VB B KRE
POLAMINLTEMEOELELRAT L &
HE L7,

HH & H K
19924E OMEFR A (7 H22H~23H) 2/
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Hiroshima Bay on 22-23 July, 1992 (u

nit; . mol/g).

~lem) RIRELL 72, HRiBHR OV EPRE

0

(
(

)

(Fig. 5-1

BB R0 28E ST

EHLD

1188% T,
EEORKBFIZN% LD ERETH 720 F

)

&%

F7E 63 pm DT O

=
. M
Vo
o5
4 H
ERRY
J_
A
EIN
=N
£+
" o~
= o
%¢n
e
%K
e
.mm
x5
tm4
[zl



A - OO ) CEEREIC B LI W E DR 101

Hiroshima Bay on 22-23 July, 1992.

BRI 7REPOERELKESFA S %
MOTHRIL, ATEREE (DO), HEy, &
Y UBERE RO L. IR LA IER A
Rtk HESEERL, 2/ vIilsk TR LR
L L7z, BonRRAR T HVWEREN) CH
B, 4V (Total-P), HHEEERF (Org-C),
48 #F (Total-N) OGS %17 - 72, B~
FeiE s, FHEERY MR, Org-C, &6 UM
Total-N Oz E N E L RO EE R
TIT -7

BREEE

Fig. 5-2 (JIL BB E B EE 8D Total-P
L RILRER DY) 4346, Fig. 5-3 IZEIRREB K
b OBEREEE (DO), 5 (Sal) BX T
BAE ) Bk (PO,-P) %R L7, Total-P
£k 16—~23 pmol/g QEFHIZSH H, KEIHE
iR & A2 20 pmol/g UL L D& iR EEEA°
»%, —F, Org-P itifi4 T 10 gmol/g ULk
DERE YL, Total-P D50%Rifk%x H&T
B, MEBOERED Total-P 3\ Org-
PREILLAELDTH A, Ads-P DA id
Org-P D4 L AR AETRIRE LR LT
w5 (Fig. 5-2),

A - B (1982) 2Ll IRBBNE L
KNG OORGIRE AP D) >~ BEREDOF
¥{EIE 10 gmol/t L EIZEL, F7-, BKEK
) EEEREE, WO SMEIIR AL
MY L EHREINTV S, €T,
KRB BITAMPERBRPOERED Ads-
P O5AEHBATOBRE) L EREEOTH %

RELTWwabDEEZONDL, [LEBEBRE
TikEKERY (8~9H) CEBEILIHETL,
B K DBEAFEEF RS 1~2ml/1 LT ICEY
BIEEHND BHH (Hi% 1990), 7 A THICER
ENAARRERIIE, KRE EKFOETERER
BEZBRORDBEOMEVETS 2.7ml/1
TKRKEDDE LN 3~4ml/l - T
(Fig. 5-3)o SO 7%, EREBEAKPDOEE")
YERIKRER OBLE T—IiamE SR, —
A PR REIC X DB L, EB KT DR
) U BREY PR IELZ DEEZLND,
EEIZKBIRD Org-P E L Ads-P iBED
BV ETIE, FERIOEB KR OBE) L BRiE
BESEIZHEB L TEVIRESBBl ST b
(Fig. 5-3)

A DEBED Org-P (ZBMNTO—RAFE

+ 34220

Fig. 5-4. C:N atomic ratio in the surface sedi-
ments in the inner part of Hiroshima
Bay on 22-23 July, 1992.
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RBOABYOHRBIZILEDEZELONDH,
Org-C & Total-N OJFEFL (C:N tb) O5di
(Fig. 5-4) # R A L, C:N i@ Offn (14
b)Y IZHBLTHAED Org-P iBEOE WG
BTV (10LLF) ik 2o Twb, Wlihs
B SN ARAKEOBEEYO C:N Hid13.8~
16.3T& ) (Table 2-2), FLIRFKBIRDH B
YixEICBE EiRREOBSRERED ORES
WD Bbhb, —F, Seikieral (1991)
LI NWETEBEBEOWEY 77 v 7 b VEFEORIK
Ao C:N iz 6di#%&Th Y, 1008 L
DR FEER% D FEERRFAEEFD C:N IR
VER IR L7, o T, hEIFEBIRO Y
T 75 v o b RIBOABY OE S AN
OB L I N EybDEHfEEI D, 2
D7D, FREOMEGERBRFOR Y Ads-P
R, MEBICTLRER LY TS 2 b
YREOEBY ORI L - TIKRER OB
KPOBEE) VEEENE TN, KEROWR
BT TERESNLDEEZ LN,
CDB-P D5 & iR L& THRiRE
& o TBY (Fig. 5-2), fli4 5o CDB-P
B L ETO Ads-P IBEOR K % B L 72
LDrLEZONA, CDB-P 2% & Ads-P iE
B L OEIEREOM Y Y ELED R EDE
TAREETORE T 5) & (Reductant solu-
ble phosphate: Red-P) #* R b D &EZ LN
%75, @ Red-P 4545 (Fig. 55) ($E7D
BT T A & B3R DI BT D TR I
BEARTL, WIBEHORELHZIT TV
Z b A (Fig. 5-3). MRS, EWIZIE
Red-P (ZHE L T/h3viA%, NaOH-P biiilld
o S A I CREICIBEET L, @]
A O RLTWw%, —J}, HCI-P R

e 98

34°20°

> 33415'N
Fig. 5-5. Distribution of Red-P (Reductant solu-
ble phosphate: the difference between
CDB-P and Ads-P) in the surface sedi-
ments in the inner part of Hiroshima
Bay on 22-23 July, 1992 (unit; g mol

/g).

VAN =

DA TERRICEREBIHAET 505, 20
BRI/ E v (Fig. 5-2) .

NG DEBEBRRRBIROEEN ik
B L ERE KOS L VEREOERE L
DAZE I % Table 5-1 (2R L7, DO (B
Bi#) & Total-P, NaOH-P i (340 % 7R
L7225, ZHhidib &I L CEBER/LotEm
DERCIGEE GBIE 1990) A%, FEEZY v
FNBROBEL B 2, KROU VgD
BWKBRTHDLZ LD BEEEB b A, Red-
P, NaOH-P RILEEEREITO I b 2185
D45y #i (Fig. 5-2, 5-3, 5=5) #*H b I »AT 2
Loz, BBl b b,

—7%, Ads-P, Org-P HHE FKDBEHF ~
B & MR K, BiRO X 3 IS a ot
HBHEBREREORVIFH T, Org-P O

&

Table 5-1. Correlation coefficients (r) of phosphorus fractions in the surface sediments with
some parameters of the overlaying water. * and ** represent significance levels of P
>0.05 and P>0.01, respectively.

Total-P Ads-P Red-P NaOH-P HClI-P Org-P
DO —0.41* —0.01 —0.28 —0.41* 0.22 —0.30
Sal. —0.12 0.44* —0.69** 0.66** 0.10 0.26
PO,-P 0.26 0.51** —0.42* —0.31 —0.15 0.53**
Mud Content 0.31 0.12 0.19 0.46* —0.45* 0.29
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ISP THEB LY Y BPEBKDBRY ~
BRI pErBLITTE L LI, KBR~D
FRESETTLIEEZRLTWA, DRI,
BiEfs (1990) HILEBBIIBITARFOERE X
HIEOSEECIERRE LB AR O 5 # I
LU LI RBEOBEETH LTEEIEV LR
BWL-ZEEBFEL TV,

CDB-P L BEFHEHOMIZITHEE L HE G
By 5 N VA, ZHhid, CDB-P 25T
BIEEE D Red-P Lif A THIBED Ads-P
ORFOESFEATVAEILIZEBLDTH
L, BERBIIBWTHImOMEE, Og-P O
BVl 41k T CDB-P BB O EHWH A EE S
nTBh (B3 1988), [LEE L FEROEREIC
Ipb0EHEESNL, $7:, CDB-P 3EME
ZEETTHEY TS, CDB-P & DO &D
LB TIE % <, B L 51, AL
? DO &E 4 CDB-P 26D ) /(ﬁtﬂk“f‘ﬁ‘
BUIEFEETLTO Al 2RTo0LR
bhbd, ZTOHIIOWTIIEREKHEORET
L8 H~9 BOFEBIZLARHAILETHS I,

HCI-P & B EAKOEFFEBIC A E 2
HEH LRV, LAL, oy VgL iR
YR L EHE LR L7, Williams et al.
(1976a) = L #LiE, HCI-P (7 /8% 4 FE1)
V) OFEESTHAY BANVIT L () VK
A) EETICHERT 720, MoK
VRS OEERVGCHINBEE TEHRE L LD
ZENZOFEREELLN D,

BEo X iz, KEPoaFSh-BREY
@ CDB-P &, #BIHETAE]RT, 7
KEH D Ads-P HEFEILIZE b 4 - THER
L, %57 Red-P P ERICEHT 5%, 8
FABEATER 2 W23 Wil O & BRI
THABTRENMET TS, —H, WETH,
B VBOKRS LEBKNDHEFIX, —K
ERERIBOAEEE)  OSRIZE L ) Bl
FULT, B LAHBREOMBASRDY B
EBRIZRE - BT D, BBR~BELZY
CEE, RETFERISICL D, BBRKPOEF
JroBEELAHEEOMBEITO L L BIT
(Sundby er al. 1992), £4% - WEERIZL
%X bASH OBET, BMEEKFICHRELTY

B ORVERBKHICHOBEE T 28504 %
WDEEZ LMD,

F2E ABRERMEDOHERY > 8K

KRB L P S &L, M
1,520 km?, EHKIE 27.5m ODEﬂﬁﬁEl’Jtc(%’C
HH (KL 1976), EPNETORIIERENL
DELWEETH D, EAWBIZHAT L&
R EDH0% & Hb 2 KA OEN%iZ Lo
L LT, BEEFARDIO% LS LD DM
KAREAT HERETIX, EFIIIERBORE
12k - CREZE{LEA OF 1983), 1FITEF
I REAMERE LT b KET AR
FBEBHT 1982-1993), - T, RRETIZ
SEEOMNARE, BMEKROBEICILS
FEIEDERD L OB, FEIORE &
LZEBRICHHELDEEZ LN,

KETIE, KRBIZBTLEBREHOERRBR
B COEEBEL SAFEEHLOMIT S
ZEICED, EMERETTOY YBERIZB L
ETEI AR TIBME OB ESE T HE L7

ol S Rl

FEIRDEBRERAOEET 2HKEHD
19934 9 H 2 H~11HIZARBE LD 108%E &
IZBWT, HEERKKEMREFRHALER "Los
LA I2EoT, WBE4Aecm D KKK IT7H >
T —FRAVRREERAAS, TDH)BLITIER
HE DORBATH BE T H - 72915 51 (Fig. 5-6)
IZBWTHREBR 0~1cm) IR L7,
RiEHEOERE RfE 63 um LT O T
DER%) % Fig.5-7 IR L7 KIREIZS
VT B BRI T DA 1L, HEIEER T D & A
LCEY, HEMTOHE LiFEBEROERE
KL Twa (R - FE 1989), BR»HE
BT TCOEEDEEIIBFEDO L DE
X% U EDOERETH - 72H, HAHEEL
K r BKEEIDOMKE T, S&REEXRE<
EFLTWw5,

Wik o 7 AR, S REBE LK E YA &
YERWTEREL, BTBZEE (DO),

B VEERE YOI L7, ILLZERBIEEH

147,
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Fig. 5-6. Sampling stations in Osaka Bay (Sept., 1993).

WARTER, SESEZEREL, A ISR THRE LA
H 500 ym OEF TSR T4 & RBR T+
BuizdokF L L, Bon- KRR
AR ) o HmK, =) ~ (Total-P), H
RBikFE (Org-C), &FF (Total-N) OH5IT %
fTole B VBIRE, RS »HIEK,
Org-C, 7 & N2 Total-N O id s [ 2 &
DB EF BV TIT -7z,

BREER

Fig. 5-8 IZKREF B D CDB-P # 1,
Total-P 231§ % CDB-P O%|4& (%), B4&
PIERE EKD DO O44i %/~ L7z, CDB-P
DikE (Fig. 5-8 1) FEIBTOTRE <,
WO TEIRMBEORTHFROND, &K
iR R LN 0T CDB-P i
25 pmol/g (23 L, Total-P {233 5% &3
72% % 5 &, Total-P O K& 45 »* CDB-P T
&% (Fig. 5-8 #13t), &/Ilif I CDB-P &

FE (25 pmol/g) 1, RIEIDILBEOKBNIG
O 8.2 umol/g, IHEH O LEEBROHIII
MOD 8.9 umol/g (B3 1988) (THE T 5 &
FLLAREWETH B, @)L RIS i
HHE 2 FOFRNI, i) 8K O %S TR
WE D CDB-P BT 30~40 gmol/g DEE
BETah (Fig. 4-6), LW EHE % MK ICHD
K NHHBEAENLEE YIS L 5MT
HrEEZOND, T, EIEO»SKRE
BREIZ2ITTCO CDB-P #EMRTIZEL
<, BRiZ@mENOds 6 b3 28 10km OlE
BTl CDB-P #1324 xmol/g 2 T T
TL, ®IiOny/eUTER-sTwWh, 72,
Total-P {2373 % CDB-P O#& b EREH,
LifaE N TAaBICET LTS, ERE L
KD DO G KEEERETHELS, FLw
CDB-P BEQKTHFED LN LHEEMIE, &
O EBEELHHEIT L CV B KIBTH B (Fig. 5-
8 Fle HoT, ZhooBMRERIE, W)k
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135°%00°

135°20°F
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Fig. 5-7. Distribution of mud content (%) in the surface sediments in Osaka Bay (Sept., 1993).

{5 CDB-P 7B EiEE F.0ICLAT 5
EBERETEEIIBHLTWEIEERLT
WahntEZHNL, ¥/, BENHGREDE
BIZBWTH DO QKT & L7 CDB-P
BEOKT (4 pmol/g LIT) LML,

BIEI19924E 7 AL BEORAEIIBVTH
FE N O D 5 il &~ CDB-P O T A%
MENTWBA (Fig. 5-2), KRBV LI %2
HBEEORTIE%R {, DO BEDEV T LB
LTWwadneEZ5h5, CDB-P BENK
T, DO BEOHNMT 2BHRIELLMET
el EEFRENOHENEKRE
BT HERENIO~T0% OHMB FHERE L
TEREN0% L L OIREIRTIE 4 pmol/g Lk
ETH oA, ERRITOSLUT OMEE > Bk
WEEB R, JLPEEER M Tl 4 2mol/g
UTEH-TBY, EREOFMINY —
(Fig. 5-7) &3 —HK L Twh, ) —#ich
WTh, CDB-P B3I L bRkt 7% S

L TOERBTHVEMA S ) (Williams et
al. 1976a), HABTOMIIIFEIED CDB-P D
WAL ELIL, KROLERMEOKTIZL ST,
AR VBRENMERTTALILSZORERNTS
LEEZBND,

Dk k) 2EBEEHOEKERO CDB-P
B & O Total-P 123734 % CDB-P 8D
HEOETFIE, RREIZB W TEKRBOEARE
Yy hoDERL) Y BOBEPEITL TS
ZEFRLTWA, Fig. 5-9 (CKRRE KD
AOU (Apparent Oxygen Utilization) & ')
BiEEOSH R~ Lz, AOU ZfafIsZEE D
LEMINLBHEEEETRLADDOTH b,
W75 7 b RRBEOAEY O R 5RE
BT, #3ml O AOU ICHLTY VEREE
lpmol/l DFETHEMT DL IR TVEH
(Sugiura and Yoshimura 1964), KEKEKRE
EARTIRINITERRE)  OBRITKRETOER
Ay, XHAEHEEMT S (8% 1986), &
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13500’ 135°20'E

Fig. 5-8. Distribution of CDB-P (xmol/g), ratio
of CDB-P to Total-P (%) in the sur-
face sediments and the DO (ml/1) con-
tent in the bottom water of Osaka Bay
(Sept., 1993).

HERFIIE ZORE (EROtES) 31 &%
D, FRPOIFENTRIZLS ) L BEOE
HOEEHPRKENVIEERLTWA, KREB®
AEEFE A, HABEE K7 BKE» S0

PO4-P=0. 994A0U+0. 535
r=0. 908

POs-P (pumoi/l )

AoU (ml/1)

Fig. 5-9. Relationship between AOU and PO,-P
in the bottom water in Osaka Bay
(Sept., 1993).

NIZL - TREENLHBRRICEE S - EW
MAKEIZH- b (LIEfl 1991), )06 4t
ENBKED CDB-P i3, ZOHEBOKVE
BERETCARIIBELTCE0LEZS
nb,

Fig. 5-10 IC K REFJE iR O NaOH-P &
HCI-P O 504 %75 L /2. NaOH-P @54 ld
CDB-P & ERRIZEIG TR TEe s, &
BEEY R LEIITOIZBWTL FOBER
3.9 gmol/g T, CDB-P IZHEB L THL LK
Vo F, LEERIE MR, aOrs0hEe
22T TOREOETERLHTH D, i
TIEERE (Fig. 5-7) L O5Hy -2 n—
R on, REBTEEIEG:,

—7, HCI-P &3 KIS R ER R & 1]
LRI TR, MARETEVWIREL L -
TWABA, DY) VBB LT, BES
DEIID %L, ILEBEORBELERED, &
REEORNELESILTIERV, LAL, L
CHEETT 5 LIREPSRE D DWE~BITT 55
FTRENHVCEHIIARD LR, SiREN
%L LDOHETIREREOKT & & HITRE
MHIMT 575, EREICOR LT OHBH T,
HCI-P BEEEHMETT 5 (Fig. 5-11), Th
2, IRRBEOEE L FKIZ, HCI-P dMkas
B CEEE L %5 (Williams e al. 1976a) %5,
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Fig. 5-10. Distribution of NaOH-P and HCI-P (unit; zmol/g) in the surface sediments in Osaka Bay (Sept.,

1993).
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Fig. 5-11. Relationship between mud content
and HCI-P in the surface sediments in
Osaka Bay (Sept., 1993).

SREABO% SO X HIETL, Mo
KR ERBEMERT IO T, BUBEN
BEFT22L2RLTWAEbOEREDLRSE, £
72, BRENOBLUTOBREOERTIE
HCl-P BEOEEIFFICRES 2D, KK
BICRAT HEMRFOREE X, 14 aihdh
HOMEOEEL S TN »Lnak<e, 1k
HWMEEOSFIOEELR Y, LREBIZHEL
THEMTHLELZON, T/, HAEKRT

BB S DGR T OHX L ER T LLE
b, HoT, DL REWHTFORERED
AL ASEIRIR O HCI-P EDSA I E %
RIFLTWwAHE LD EHFEESND,

Kz, KBREFRBR® Org-P & C:N D
54 % Fig. 5-12 IR L7z, Org-P OG5 I,
B L D LRMEOEREOBH VKR THR
g, &R (Fig.5-7) o5 P L5
HERLTWwWA, C:N EOSHIE, LEED
KEIE OB OBE L R (Fig. 5-4), #EH
HEINAME TR <, BRE» OWEED
I CREIETLTE D, @INHEE
DOFBROARWMELA, C:N I,
Org-P il Fs DA\ B L ARIE O 8 0 M A B
FBVEIETELIEERL T A, —7,
ATIEAKE20m~30m #ERE LT, £OA
1z Org-P BEOBVAKEBATH L T b,
i, ZOMEICRETA#E IO FON
T, AMECHELTY YiBEORVWERIL
RBp T O EA A58 v (Montani et al. 1991) =
EAEREZ>TWVLIDEEZLNL,

PEokiz, KEBEBROK) YIS0
5%, EBRIEBEKSETEMLZBEDOELH
SN B LS CDB-P DA TH 572,
B - HA (1983) X, EBEDKIRET AV
AWEREME T TOREN»S D) Y EOEHR
# CDB-P T&% 5 2 & ¥R L1275, KEITHR
L= KRERBROTAES ) ML, AERE
OB BT A ) Y EEOBERIEN I
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135°00" 135°20'E

135°0' 1520

Fig. 5-12. Distribution of Org—P (xmol/g) and C : N atomic ratio in the surface sediments in Osaka Bay (Sept.,

1993).

{50 CDB-P TH b Z & v B 1T 5 RAEHE
THhLEEZLH. ZOLHIZ, BIPLAR
ENBHETEHHEICET N L ERED CDB-P
13, KEREBEBERIBOTEE A S HIBIRE LN
LHVEME KK CEEICARL, EFE0y
BRICEERBREERSZL WAL DEEL Y
hz,

EIH RIFFERBEDOHRER »HK

BUHTE (Fig. 5-13) |3THF& 475 km?, “F3k
HF36.1m TEOBIZHEHES %8 - TEEK
B 5 ADIEKDEEIZL - THEMATEN
(Ff b 1976) »%, EREE, BEMERTIC X
DTSSR < (LIE 1991), BRI OKE
60m—~70m DE Y KK DIFETiZ, WELS
ZAZ T TolE 7% KIRBER 12 & » TR &I 4

131°30" 131°%40'E

33%0’

133%16'N

Fig. 5-13. Sampling stations in Beppu Bay on 9-
11 Sept., 1992.

BRI SN 5. BUOBEREBRVIZIZR
P (FiiRifE 1,381 km?), Ko (GRS
601 km?) O—#iA)AH Y, BEBOBEL S
HFB~THRAT B AKDOKEBGTHTHAL TV 5,
KEERCILBETIE, EMEREEARIIC
AOMBELITEE SN LD, BB TIEFOH
RS S, BRERO DA I35 BRI
Roh, BRIEEYOFTIEBRE(LOEITIZR
BBzl E L TEM (BiEft 1991) Th b,
RKE T2, BHMICbH: 5 EBEARLISA D
CEENTBRIFH TR SN L ET, HBE, X
B &3 R o 7 R FE O BT B IR R O T g
AU T, EEELORDEES 9 AW
ORFIZL > THLIZLE S & L7
AH A X

FMAIL19924E 9 A 9 H~11H {ZFig. 5-1312
AT AFEO0ESIZB W THETERX K ERRE
ArERA A rL%ﬁ\DjLJ E T BE
HTIEKKR2 7% 75— HEBR O
~1lcm) DEW %1772, BRABOSRE
(WFE64 pml T OR T OERL) 13FH6%
T, BB LEOERFRTETELEDO T A
(Fig. 5-14), R IZIZ I 7REH» S KRBE
EXREH A FTHRIL, BEBERE
(DO), |, BLUBH) Y BEEZ L
2o

BRI L7 EAS R A, BB, x
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Fig. 5-14. Distribution of mud content (%) in
the surface sediments in Beppu Bay on
9-11 Sept., 1992.

oSSk THBLbORRRE L, Bbh
ERKE Y BWEEN) SJHK, £
(Total-P), H AR E (Org-C), ZEH
(Total-N) OHHT%AT - 720 B ¥V RRIRE,
WEERY K, Org-C, % H UFiZTotal-N®
SHEENELFAFOFEYRCTIT -7

BWRECEE

Fig. 5-15 IZ I HF B KRG & @ Total-P &
CDB-P O4#i # =1, Total-P I, 13~
32 pmol/g DEEFHT, WEHBFEETRE
HWER L, BOdEETHE L (18 xmol/g LLIF),
KB T A S AL BRI 2 TR T, 4RI
KE A O RER T 32.0 pmol/g DEBIRE
%R L7, BIAFEBOE T VILBEROERIZ L
T, FNKIGET O A 5 KRETE ) ORI
Lo THEHEERBIIMITCRETE I EPHIOR

THH (LB 1991), FIEBEOEEY MO
PHIEIANZDFHENICE s THERENE LD E
Ebh b, CDB-P HifESH THVHEIIYTH 5
A, B AHFNAOTRSRE (11.3.
mol/g) /R L7z, Zhid, KIEKEOEIMO
ICRCERETH D, KENNIBIAFEIZRAT S
BRO—FANTHY, ZOFEFEYHE (61.5
m’/sec) 1 KN (30.7m%/sec) DR 2HETH
b BREREWIE 1993), €T, XKEJIITO
T, MBI TIEWERERED
CDB-P NEBY*HLMLZTTHLDEE
Abhb,

CDB-P B i3 KEF NGO 2 O B RO RIES
WK TRMICBENEA L, 3umol/g LT
DIRBEEIIAZEEOmM DL EOREH & (33—
LT3, Fig.5-16 ICKBi D Org-C &
Total-N OB F M (C:N i) O5/KxRT,
C:N ltix CDB-P BEOSVRANIB LUK
IO TE L, 16U EOEERLTwA, £
7o, WOMICBIT S C:N oA @i
CDB-P O Oz BT 5 @ AMEm & L T
By, CDB-P EBEOE VL OFERA
C:NHEosEwELREOEEMEORELH
(ST TVB I Edbd b,

BT BB EERI T B R A0 LT
D, AERCIZITEREREL 2 - TWE,
FEZEB KR OBRE ) » BHEE b SRR
BE & L CEBE KK THIBE 3 xmol/l
k) # R LT3 (Fig. 5-17), THh 51,
Fig. 5-15 LR 6 N 5 BHRFEH O CDB-P i

131°40°F
=T Y

coe-p |

33°20°

433°16'N

Fig. 5-15. Distribution of Total-P and CDB-P in the surface sediments in Beppu Bay on 9-11 Sept., 1992
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Distribution of C:N atomic ratio in
the surface sediments in Beppu Bay on
9-11 Sept., 1992.
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Distribution of DO (ml/1) and phosphate (. mol/1) in the bottom water in Beppu Bay on 9-11 Sept.,

1992.
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Fig. 5-18. Percentage distributions of CDB-P, Org-P, NaOH-P and HCI-P in the surface sediments in Beppu

Bay on 9-11 Sept., 1992.



BE-AOBO) Y ERBECS L ETHEYEOR 111

131°30" 131%40°¢
- RA5F E

Org-P

- az20’

433°16'n

Fig. 5-19. Distribution of Org-P in the surface
sediments in Beppu Bay on 9-11
Sept., 1992. (unit; , mol/g).
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Fig. 6-1. The loading processes of dissolved phosphate (DIP) in a eutrophic estuary from
riverine suspended matter and from the sediments.
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