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Abstract

The management of water quality and fishery resources with a major
environmental problem in eutrophic coastal sea is studied. The numerical
experiments using the water-sediment quality model (WSQM) were carried out
for the management of water quality at the Seto Inland Sea in Japan. The
results of long-term water quality simulation showed responses of seawater
quality to input loads to vary in different localities. A formula roughly
forecasting water quality to estimate the effect of loading abatement was
proposed. The simulation for the improvement of seawater quality showed the
abatements of nutrient loads such as total phosphorus (TP) and total nitrogen
(TN) as well as organic loads such as chemical oxygen demand (COD) to be
performed in the eastern Seto Inland Sea from Bisan Seto to Osaka Bay. On
the other hand, it is indicated that the increase of loading leads to the increase
of primary production, while not straightly to the increase of fish production
for the catch of fisheries.
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Fig. 2 Schematic view of the WSQM
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Table 1 Fundamental equation of the WSQM
Label Comp value Unit _ JLabel Component valse | Unit
CPi | Inorg-P conc. in i-th water Jayer (i =1,2) 0.01,0.03 mg/l  |KFZ | lIncreasing rate coefficient of FZ 0.30 1/day
CPj | Inorg-P conc, in j-th sediment fayer (j=3,4) | 0.2 , 2.0 mght JKEP | Adsorption/desorption rate coefficient 0.0001 Vsec
FPi Org-P conc. in i-th water layer 003, 002] mgl FKR | Precipitation or dissolving rate coefficient 0.00001 | 1/sec
FPj Org-P conc. in j-th sediment layer 100, 2.0 mg/l {KMP} Production rate coefficient of "MO’ 0.30 1/day
FZi | Zooplankton-P conc. in i-th water layer 0.0005 mg/l §KMD} Diminishing rate coefficient of 'MO' 0.30 1/day
FZj | Zooplankton-P conc. in j-th sediment layer 0.2, 0.002{ mg/l HKA | Reaeration rate coefficient 191~517] em/day
COi | Dissolved oxygen conc. in i-th water layer 9.0 mg/l Kedz | Base value of vertical mixing coefficient 0.5~1.5} cm2/sec
COj | Dissolved oxygen conc. in j-th sediment layer | 0.0 , -10.0{ mg/ D |} Diffusion coefficient in sediment layer 0432 |cm2/day
MO | Oxidized layer density in the upper sediment 200.0 mg/l {Ws | Settling velocity of 'FP' 10~25 | cm/day
M Reduced layer density in the upper sediment 2000 mgl {Ws2 | Settting velocity of "PC’ 50 cm/day
FNi | Org-N conc. in i-th water layer 06,04 mgll §Ws3 { Seitling velocity of 'FZ’ 7.5~30.0{ em/day
CNi NH4-N cong. in i-th water layer 02,04 mg/l fWm | Sed ion rate of sedi layer 0.002 | cm/day
CNj | NH4-N conc. in j-th sediment layer 20,50 mgf/l  §COsat| Saturated DO concentration 7.0~1001 mgn
CNNi| NO3-N conc. in i-th water layer 02 mg/l [[CPO | Michaelis constant of 'CP’ for KP revising 0.01 mg/l
CNNj| NO3-N conc. in j-th sediment layer 0.1 mg/l  ECO30j Michaelis constant of 'DO" in Z1 -10.0 mg/l
CODi| Alochtonus COD cong. in i-th water layer 1.0 mgll  §COw | Michaelis constant of ‘DO’ in Z3 1.0 mg/l
PCi | Detritus COD conc. in i-th water tayer 0.0 mg/! a | Adsorption equivalent constant 0.25 g/ml
PCj Detritus COD conc. in j-th sediment layer 0.0 mg/l w | Volume/weight ratio of interstitial water/dry mud 16 mlfg
EPA3| Adsorbed-P conc. in the upper sediment layer 0.8 u 8/8dry] B | Activity of oxidized layer for P storing 0.1
EPR3 | Stored-P conc. in the upper sediment layer 9.2 u g/gdryl v | Porosity of sediment 0.78
EP4 | Adsorbed-P conc. in j-th sediment layer 100 ux g/gdry]l » | Availability of org-N, P for production 0.0t
ENj | Adsorbed-N conc. in j-th sediment layer 8.0, 200 | g/gdrylRdm | Revising factor of D for 'CO’ to that for 'CP’ 30
KP1 | Production rate coefficient of 'FP1' 044~548] 1/day [RRop | Conversion factor Oxygen/P 109.5
KDi | Decomposition rate coefficient of "FPi’ 032~0.66] 1/day JRon { Conversion factor Oxygen/N 15.1
KDj | Decomposition rate coefficient of 'FPj’ 0.001~0.11] 1/day JRoc | Conversion factor Oxygen/COD 30
KDB | Decomposition rate coefficient by benthos 0.001 l/day §Rpc | Ratio of 'PC’production to "FP" prods 0.0!
KNO | Denitrification rate coefficient 0.2 1/day ERKD | Revising factor of KDi for 'FP" to that for 'PC’ 0.03
KCNOJ Nitrification rate coefficient 0.1 1/day [CRX | Seasonal revising factor of KMP 03~17
KDC | Decreasing rate coefficient of COD 0.02 1/day
table. 1
Organkc nirogen
ACPUL=Dz - (CP2CPIY(QS - Z * ZIMPRO! - FPI+KD! - FPI+KDFZ - KDL - FZULPSAZI MR (=1~
GOP2=Dz.* (CPI-CPIY(0S - Z - Z2}PROZ - FP4KD2 - FPUKDFZ - KDZ - F2+y * AOA D <(OP3CP1Y0S - (21 3) NH‘—-an

+y - KDB W3 -ZWZ2+y  KDFZ - KDB - FZ3 - V22

CPUE=D - (CP4CPIRDS - Zm - Z3WAOA - D - ((P2CPIY (S - (R473) - ZIHKDA - PHKDFZ - KD3  FZ3-Wm -
CPVZM (KEP/ ) * (BPAMCRY a (KRS w) - (BPRO-L3 - £ - w - MO) - (CPMCPHCPI0)

(CPUE=D - (CPICPAMOS - Zim - ZAWKDS - PHKDTZ - KD4 - FZAHKEP/ w) - (EPAACRY o )#Won - CPAZA - Wim -

Mz
Phytoplankton phosphorus
PPH=Rtz De-(FPLFPIYS - Z - ZIWPROI-FPI-KDI-BPI-KFZL FZI-Ws FPIZI
PRt D (FPIEPIAOS - Z - Z2)+ FRO2- FP-KDR-F2-KEZ 2 W P2 +Wo PRI
ARPA=Ws- P2y (23 Wan FPVZ-KD)- TP KDB-FP3
FPAR=Wrer FPVZA-KDS: FR4- Wi FPAZ4
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FZU=KFZ2 FZ2- KDFZ-KDL-F2- KG- FZ24 W3 P22 Ws - FEIZ2

FZM=- KDFZ-KDY FZVKDFZ: KDB-FZ34Wd-F22 13- Wi FZVZ3

dFZAt=- KDFZ-KDA-FZ4+ War FZYZ4- Wi FZAZA

Sediment absorbed phosphorus

(EPA3t=KEP-(EPASCPV )

EPRUISKR-(EPRHY - - MOMPUCPHCF)

P4~ KEP-(EM-CPY a)

Dissolved oxygen

GOOUE=Dr-(C02C01Y(0S -2 -Z1) +RopPROI P! Rop-KDI - P} Roc- KDC-(CODI-05HRoc RKD- KD -PCI-ROP-
KDFZ-KD! *FZ}+LDOSAZI-KA-(COI-COSINZ) 457-KONI -ON13 43- KNI -ONN)

400D (CO1C02Y (S - Z - 22+ R D-(COB-CODNQS-(Z2+423) Z2Rap-FROL- Fo2-Rop KD FP2-Roc-
KDC-(00D2-05)Roc-RKD- KD2-PC2-Rop- KDFZ- KD2- FZ- y -Rop- KB+ FP3- 2322 y “Rop- KDFZ-KDB-F23-
ZNZZAST KOR-QR43H-KN2-CN

G003E=Rutm D +(COHCO3R0S *Z3- ZimsRdkn DO QO30S (ZHZ3)- 23} Rop* KO3 FP3-Roc: RKD - KD3PC3-
Rep KDFZ- KD3-FZ34 57 KOND-QNB+3.43- KNG- ONNB

d004E=Rebn: D~(C03-0440S - 4 ZmbRop - KD4  Fd-Roc - RKD + KD4 PCA R+ KDFZ- KD4- F24457 - KONA-
QN34 KNGO

QVOE=KMD MO-COKCOMODRX - KMP-M-CORC02:0W)

CVA=RMD-MO- COMCUB+COBIRX - KMP-M-COR0024C0%)

AONH=De-(CNZCNIVDS - Z - ZEPROL-Ronl-BN3KD PN HRmp-KDFZ- KDI-FZI-KONT-CN1+05-LNSAZ

AONU=De-(ONLCNDY (05 - Z- T2+ y - D-CNB-CNRS-(423) 22) PRO?- Rari2- FNR+KID2- PN 4R KDFZ-KD2:
FZ24y -KDB-FN3-ZVZ2+ y ‘R KDFZ-KDB - ZAZ2KONZ-CN2

AON3E=D - (ONF-ONBHDS - Z3 - ZhD - (ONZ- NS - (2423 - ZHKDA - BNMRep + KDFZ - KD3 - FZVKONY
CBHKEN w)-ENB-ONY o} Win QN3

-(CNBCNAMELS-ZA- Zivp KD4- R+ Repy KDFZ- KD FZA-KON- CNH(KEN ) (ENACNAY )
NO%
=Dz (ON2ONNIY(DS - Z - Z1)- PRO! Rt ‘RNI+ - KON -ONI ~KNI-CNN14OS- LNSAZ)
ONNZAR=Dz- (ONN1-ONN2Y (05 - 2.+ Z2)#- +D-{CNN3- ONN2Y(0S- (Z2+23) Z2 PRO?- R N2+ KCN2- CN2-KND-
aee
AONNAR=D - (ONNA-CNNBWOS- 23 Zmp - (CNNZ-CNNIUDS (Z2423) ZBHKON - CNB-KN3- CNNA- W CNVZ
AONNAE=D- (ONN3-CNNAYDLS 24 Zinpe KCNA-CINA KN4 CNNA+ Wi CNINVZA Wi CNNAZA
Sediment absorbed nitrogen
ENVDTKEN-(EN3 ON¥ )
ENAt=KEN- B OV )
cob
0D UE=KDCQODI-05)D2-CODZCODIVENS -2 » Zi+ LOODSAZI
A00D2Ak=KDC-(CODRASHDe-(CODI-C0D/QS - Z - Z2)
TOODI=CODI(FP1+02-FZ1)-(I3WPCI
TOOD2=COD2FP2402 FZ)(14MBHPC2
Detrilus (COD}
APCIA=PROI- P! - Rpc-(RopRoc RKD KD - PCI-Wi2-PCIZS
PC2=PROZ-FP2 Ry (RopRockRKD- KD PO+ W2 PO We2- P72
dPCWE=WA2- PCY y Z3RKD-KD3-POIMWm POV
PROI=KPL-(CPle - FPINCPOKCPI 5 -FPT) (&)

PROI=KPH(CNEs 7 FNIACNONL AN (esvate ko)
LP,LDO,LN, LOOD: Input keings e, SA:Suf
Z.:Toelcepth ofwater ayerteZ1+22)
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Table 3 Forced functions in the WSQOM

(1) Vertical mixing
D :
= A . =
¢ 0.54(:,‘»,:15
(2) Light intensity
light =390 +170- sm( -(day ~ 80))

(3) Water temperature

T1=1763+ 852cos(3265 (day - 219))

2
T2=1646+173 ———(day ~ 222
646 cos[365( ay ))

(4) Vertical mixing coeffiient

if, day<74 Di=1440 cd:

_(day - 103)’)“2

T4Ssday<192 Dz=|16
54420

(day - 207)
1 2 = . B Ay IN
92<day< 266 Dz [0 1+ 38280 cdz

2665 day <290 D= | 1440~ 22200
11587

290 < day Dz=1440 cdz
where, 0z : vertical exchange volume fem®/sec]
T1 : water temperature of upper water [C)
T2 : water temperature of lower water [C]
light : light intencity (tux]
day : elapsed time from 1 Jan,
Dz vertical mixing coefficient [em?/sec)
¢dz : base value of Dz [em®sec)
A : interface area between upper and
Tower boxes {cm?]
Z, (Z)) : depth of upper (lower) box [cm]
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Fig. 7 Verification of calculated water quality
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Fig. 8 Computed results of annual variation for COD and DO using the WSQM
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Fig. 10 The effect of loading abatement at the
upper layer in Osaka Bay
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