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Fig. 1 Division of the eight boxes two layers model in Setodnland Sea.
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Table 1 Basic equations of the WSQM.

Inorganic phosphorus

dCP1/81=Dz + (CP2-CP1Y (0.5 * Z - Z1)PRO1 * FP1+KD1 - FP1+KDFZ - KD1 *
FZ1+LP/SA/Z1 ’

dCP2/d1=Dz  (CP1-CP2Y/ (0.5 * Z - Z2)-PRO2 - FP2+KD?2 - FP2+KDFZ - KD2 *
FZ2+7 - AOA* D - (CP3-CP2)/(0.5 * (Z2+23)* Z2}+ 7 * KDB * FP3 - Z3/22
+7 - KDFZ - KDB - FZ3 - 73/22

dCP3/di=D * (CP4-CP3)/(0.5 - Zm * Z3)+AOA * D - (CP2-CP3Y (0.5 * (Z2+23)
Z3}+KD3 * FP3+KDFZ  KD3 * FZ3 -Wm * CP3/23+ (KEP/®) * (BPA3-CP3/
a WKR/®) * (BPR31.3 - B - @ - MO) * (CP3/(CP3+CP30))

dCP4/d1=D * (CP3-CP4Y(0.S * Zm * Z4}+KD4 * FP4+KDFZ * KD4 * FZ4+(KEP/
@)+ (EPA4-CP4/a }+Wm - CP3/Z4 -Wm * CP4/Z4

Phytoplankton phosphorus

dFP1/di=Rdz*Dz*(FP2-FP1Y (0.5 * Z * Z1)+PRO1*FP1-KD1FP1-KFZ1*FZ1-
Ws*FP1/Z1

dFP2/dt=Rdz°*Dz* (FP1-FP2)/(0.5 * Z * 22) + PRO2°FP2-KD2+FP2 -KFZ2°FZ2
Ws*FP2/22 +Ws*FP1/22

dFP3/dt=Ws*FP2/ v /23-Wm*FP3/23-KD3*FP3-KDB*FP3

dFP4/dt=Wm-* FP3/Z4-KD4*FP4-Wm~FP4/24

Zooplankton phosphorus

dFZ1/8t=KFZ1°FZ1 -KDFZ*KD1°'FZ1 -KG*FZ1-Ws3*FZ1/Z1
dFZ2/d=KFZ2*FZ2 -KDFZ*KD2*FZ2 -KG*FZ2+Ws3*FZ1/22-Ws*FZ2/72
dFZ3/dt= -KDFZ*KD3*FZ3-KDFZ*KDB*FZ3+Ws3*FZ2/ 7 /Z3 -Wm*FZ3/Z3
dFZ4/di= -KDFZ*KD4*FZA+Wm*FZ3/Z4 -Wm*FZA/Z4

Sediment absorbed phosphorus

dEPA3/di=KEP*(EPA3-CP3/)
JEPR3/dt="KR*(EPR3-1.3+ 8 * © *MO)*(CP3/(CP3+CP30))
dEP4/dt=-KEP*(EP4-CP4/a )

Dissolved oxygen

dCOV/dt=Dz*(CO2-CO1Y (0.5 - Z - Z1) +Rop*PRO1FP1 -Rop*KD1°FP1 -Roc*
KDC * (COD1-0.5)Roc * RKD * KD1 * PC1-ROP * KDFZ * KDl *
FZ1+LDO/SA/Z1-KA*(CO1-COsalyZ1-4.57*KCN1*CN1+3.43* KN1+CNN1

dCO2/d1=Dz* (CO1-COZY (0.5 * Z * Z2)+ 7 *Rdm*D*(CO3-CO2)M(0.5*(Z2+Z3)*
Z2)+Rop* PRO2 * FP2-Rop* KD2 * FP2-Roc * KDC * (COD2-0.5)Roc * RKD *
KD2* PC2-Rop* KDFZ * KD2 * FZ2-7 *Rop* KDB*FP3* 23/22-7 * Rop*
KDFZ*KDB-FZ3*Z3/Z2-4.57KCN2* CN2+3.43*KN2* CNN2

dCO3/di=Rdm * D * (CO4-CO3)(0.5 * Z3 * Zmp+Rdm + D + (CO2-CO3N(@.5 *
(22423)* 23)-Rop* KD3 * FP3-Roc* RKD* KD3 * PC3-Rop* KDFZ* KD3* F23~
4.57°KCN3+CN3+3.43°KN3*CNN3

dCO04/dt=Rdm* D+ (CO3-CO4Y/(0.5 * Z4 * Zm)-Rop* KD4 » FP4-Roc* RKD » KD4 *
PC4-Rop*KDFZ*KD4+*FZ4-4.57*KCN4* CN4+3.43* KN4+ CNN4

dMO/dt="KMD*MO* CO3/(CO3+CO30)+RX*KMP*M* CO2/(CO2+COw)

dM/di=KMD* MO+ CO3/(CO3+C030)-RX* KMP*M* CO2/(CO2+COw)

Organic nitrogen
dFNi/dt=Rop*FPi
NH,— nitrogen

dCN1/dt=Dz* (CN2-CNLY (05 * Z + Z1)PRO1*Renl » FNI+KD1 * FN1+Rnp*
KDFZ+KD1+FZ1-KCN1* CN1+0.5* LN/SA/Z1

dCN2/dt=Dz* (CN1-CN2Y (0.5 * Z * Z2)+ 7 *D*(CN3-CN2)/(0.5*(Z2+Z3)* Z2)-
PROZ * Ren2 * FN2+KD2 * FN2+Rnp * KDFZ * KD2+ FZ2+ 7 * KDB* FN3 +
73/Z2+ 7 *Rop*KDFZ+KDB*Z3/22-KCN2+ CN2

ACN3/dt=D* (CN4-CN3)/(0.5* Z3* Zm)+D* (CNZ-CN3W(0.5 * (Z2+Z3)* Z3}+KD3 *
FN3+Rnp* KDFZ * KD3 * FZ3-KCN3 * CN3+(KEN/ @ )« (EN3-CN3/ & )-Wm*
CN3/23

dCN4/di=D * (CN3-CN4)/(0.5 * Z4 * Zm)+KD4 * FN4+Rnp * KDFZ * KD4 * FZ4 -
KCN4+CN4+(KEN/w)*(EN4-CN4/a )

NO;— nitrogen

dCNN1/dt=Dz* (CNN2-CNN1Y (0.5 * Z * Z1)-PRO1*Remmi *FN1+ KCN1°CN1
— KN1+CNN1+0.5*LN/SA/Z1

dCNN2/di=Dz* (CNN1-CNN2Y (0.5 * Z * Z2)+ 7 *D*(CNN3- CNN2Y (0.5°
(Z2+23)*22) PRO2*Renn2* FN2Z+KCN2* CN2-KN2+ CNN2

dCNN3/81=D * (CNN4-CNN3)/(0.5 * 23 * Zm)+D* (CNN2-CNN3Y(0.5 * (22+Z3) *
Z3)+KCN3+CN3-KN3* CNN3-Wm* CN3/Z3

JCNN4/di=D * (CNN3-CNN4Y(0.5 * Z4 * Zm)+KCN4 * CN4-KN4 « CNN4+Win *
CNN3/Z4-Wm*CNN4/Z4

Sediment absorbed nitrogen

dEN3/DT=KEN-(EN3-CN3/ )
dEN4/di=-KEN* (BN4-CN4/t )

COD

dCOD1/dt=-KDC*(COD1-0.5)+Dz* (COD2-CODLY (0.5 - Z - Z1) + LCOD/SA/Z1
dCOD2/dt=KDC*(COD2-0.5)+Dz* (COD1-COD2Y (0.5 - Z - Z2)
TCOD1=COD1+(FP1+0.2*FZI)* (14331PC1
TCOD2=COD2+{FP2+0.24FZ2)(143/3)+PC2

Detritus (COD)

(i=1~4)

- dPC1/dt=PRO1 *FP1*Rpc* (Rop/Roc)}-RKD*KD1*PC1-Ws2*PC1/Z1

dPC2/dt=PRO2 * FP2 * Rpc * (Rop/Roc)-RKD * KD2 * PC2+Ws2 * PC1/Z2-Ws2 *
PC2/22
dPC3/d1=Ws2+PC2/ 7 /Z3-RKD*KD3*PC3-Wm*PC3/Z3
dPC4/di=-RKD*KD4*PC4+Wm*PC3/Z4-Wm*PC4/24
PRO1=KP1*(CP1+ 7 “FPL)(CP0+CP1+ 7 *FP1) ()
PRO1=KP1+(CN1+ 7 'FNl)/(CNO+CN1+ 7 *FN1) )
LP, LDO, LN, LCOD : Input Joadings from outside,
Z: Total depth of water layer(=Z1+Z2)
Zm : Total depth of sedi layer(=Z3+74).

(less value adopted)
SA: Surface area ,
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Table 2 Initial value of main parameters and coefficients in the WSQM.
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Label Component Initial valuel  Unit Label Component |initial valug _Unit
CPi |InorgP conc. in i-th water layer (i=1,2) 0.01,0.03 mg/l KEP |Adsorption/desorption rate coefficient 0.0001 | 1/sec
CPj |Inorg-P conc. in j-th sediment layer (j=3,4) | 0.2 , 2.0 mg/l KR |Precipitation or dissolving rate cocfficient 0.00001 | 1/sec
FPi {Org-P conc. in i-th water layer 003, 002] mgl KMP {Production rate coefficient of MO' 030 1/day
FPj |Org-P conc. in j-th sediment layer 100, 2.0 mg/l KMD|Diminishing rate coefficient of MO’ 030 1/day
FZi |Zooplankton-P conc. in i-th water layer 0.0005 mg/l KA |Reaeration rate coefficient 191~517 | cm/day
FZj }Zooplankton-P conc. in j-th sediment layer | 0.2, 0.002] mg/ CDz |Base value of vertical mixing coefficient 0.5~1.5 |cm¥sec
EPA jAdsorbed-P conc. in the upper sediment layer 0.8 £ g/gdryli D  |Diffusion coefficient in sediment layer 0.432 cmz/dny
EPR |Stored-P conc. in the upper sediment layer 92 2 g/gdryll Ws  |Settling velocity of FP' 10~25 |cm/day
EPj jAdsorbed-P conc. in j-th sediment layer 10.0 £ g/gdryll Ws2 |Settling velocity of PC' 50 cm/day
CNi |Inorg-N conc. in i-th water layer 02,04 mg/l Ws3 |Settling velocity of FZ' 7.5~30.0 { cm/day
CNj |Inorg-N conc. in j-th sediment layer 20,50 mg/l Wm |Sedimentation rate of sediment layer 0002 |ocm/day
FNi |Org-N conc. in i-th water layer 0.6 , 04 mg/l COsat|Saturated DO concentration 70~100]| mg1
ENj | Adsorbed-N conc. in j-th sediment layer 8.0, 20.0 |« g/gdry)| CPO |Michaclis constant of 'CP" for KP revising 001 mg/l

'CODi| Alochtonus COD conc. in i-th water layer 10 mg/l  |[{CO30 |Michaclis constant of 'DO' in Z1 40.0 mg/l
PCi |Detritus COD conc. in i-th water layer 0.0 mg/l |[COw |Michaelis constant of ‘DO'in Z3 10 mg/l
MO |Oxidized layer density in the upper sediment 2000 mg/l @ | Adsorption equivalent constant 0.25 g/ml
M |Reduced layer density in the upper sediment 2000 mg/l @ |Volume/weight ratio of interstitial water/dry mud| 1.6 ml/g
COi | Dissolved oxygen conc. in i-th water layer 9.0,90 mg/l B Activity of oxidized layer for P storing 0.1
COj | Dissolved oxygen conc. in j-th sediment layer| 0.0 , 40.0 mg/l 7 |Porosity of sediment 0.78
KP1 | Production rate coefficient of FP1' 0.44~5.48] 1/day n | Availability of org-N, P for production 0.01
KDi | Decomposition rate coefficient of FPi' 0.32~0.66] 1/day || Rdm |[Revising factor of D for 'CO" to that for 'CP" 3.0
KDj | Decomposition rate coefficient of FPj' 0.001~0.14 1/day || Rop |Conversion factor Oxygen/P 109.5
KDB|Decomposition rate coefficient by benthos 0.001 1/day || Ron |Conversion factor Oxygen/N 15.1
KN |Denitrification rate coefficient 02 1/day || Roc |Conversion factor Oxygen/COD 3.0
KCN | Nitrification rate coefficient 01 1/day |{ Rpc |Ratio of PCproduction to FP' production 0.01
KDC|Decreasing rate cocfficient of COD 0.02 1/day | RKD |Revising factor of KDi for FP' to that for PC' 0.03
KFZ |Increasing rate coefficient of FZ 0.30 1/day || RX |Seasonal revising factor of KMP 03~1.7

IS5 Lo, KDVBROAELTHTNS. &3 &

i

551, BERICHTP ORBESIERRT v B o S

722, BALE (MO) OMBITHNTIRI, FAE  worwer * [CPl=rll=fcol—f0 BBl

L3 2&BPIHET 2 RIERREERP (EPR) 1z R ] I

lower wat —— ==[cN2] 2
&, BB & ERR T & OB ORE Tl 8% Ui v [=lrm=={c—=ul~00 2
®EEP (EPA) IKAY T3, FTRERENT N o V| ==
- = sedi O. — -

HREEP (EP) D3 TH5. TNOOMEBLE gy Ol Il G0 ed—g =
P ROZHENMOERXR%E Fig. 3177, £/, C . 1 { .

— - - CP4~— |—— -t oo |
ODEFNHBBRBHILEED, FPOOEE  stmont A i = i

104

Fig. 2 Schematic view of the WSQM.
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Table 3 Forced functions in the WSQM.

(1) Vertical mixing

Oz = 4 - D z

0.5 -{zg + 2,
(2) Light intensity 2
light = 390 + 170 -sin(3—;’5--(day - so))

(3) Water temperature

T1=17.63 + 852 cos(z—”(day - 219))
365

T2 =16.46 + 7.73 cos(;G—”s(day - 222))

(4) Vertical mixing coefficient
if, days74 Dz=1440-cdz
2
74 sday <192 Dz -[16-1% “103))
54420
2
192 < day < 266 Dz = 01, ey -207))
36280
2
266 < day <290 Dz =|1440- (day -290f) .
11587
290 < day Dz =1.440 cdz

where, Oz : vertical exchange volume [cm/sec]
T1 : water temperature of upper water [*C]
T2 : water temperature of lower water ['C]
light : light intencity [lux]

day : elapsed time from 1 Jan.
Dz : vertical mixing coefficient [cm%/sec]

edz : base value of Dz [cm%/sec]
A : interface area between upper and

lower boxes {cm?]
Z. (Z;) : depth of upper (lower) box [cm]
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Fig. 4 Annual variation of pollutant loads in Seto-Inland Sea.
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Fig. 9 Response between COD concentration and load of COD, TP, TN and TOD in Seto-Inland Sea(1957 ~ 1987).
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Fig. 10 The effect of loading abatement calculated by using
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Table 4 The degree of influence between water quality and
arbitrated loads in each BOX.
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C : Concentration of water quality.
A Contribution rate with arbitrated concentration.
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STUDY ON THE WATER QUALITY MANAGEMENT IN SETO INLAND
SEA BY USING THE WATER AND SEDIMENT QUALITY MODEL

In-cheol LEE, Masao UKITA, Masahiko SEKINE and Hiroshi NAKANISHI

By using the water-sediment quality model (WSQM) , the numerical experiments were carried out
for the management of water quality’in the Setodnland Sea. A formula roughly forecasting water
quality to estimate the effect of loading abatement was proposed. According to analysis of loading
abatement, it was shown that relatively large effort of abatement would be required in the eastern
Seto-Inland Sea, from Bisan Seto to Osaka bay, and that not only TP but TN load abatement was also
required. On the other hand, it was indicated that the increase of loading lead to increase of the primary
production, while not straightly to increase of fish catchment.
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FUANOAR ERBROFRAERERTICET S0

4k ER - BE ER®-9E L -5 A

"B KoRrA LURAFEAERE TEPER (T 755 W0 RFEiTERS 2557)

PESE T O LOXEEE IERESBRIES (T 755 LDRFRHE®RSE 2557)

SELB Tl KIRTEASHE ITEHEATEH (T 535 KEFTERXE 5-16-1)
‘ELR I ILWOK¥BHFE THHELEBTES (T 755 WnRTWMITERS 2557)

FyruAZ ARSI NI A nAF Y (THM) REORREE 2 5HIBEHE RO KN EBENICERT
LD AEBOREBETHD. APE T THM £ E#% COD,BOD, TP D &k S k—HBOKEREL 2L,
FORMBWEOBERENS DFAE, PP LUCARKIE~OFHEEREZFREMBICELVERLT 2 HEE
BELE. £, ER/IFKO THM £REOBHRATRITOEFAMEEZITY, TOKRICHETS THM
MBS RAR DR 50% RARBETHIZ LEHELNC L . X bICAFR CIIRBEMAE THM 8
EMEOREKESRIIBVTLEYTHHILERLE.

Key Words : trihalomethane( THM ), trihalomethane formation potential( THMFP ), pollutant load
Jactor, pollutant load analysis, poll fixed-quantity
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A, EEFRSHDAERRNOBEII X b KKD
BESETL, F, WBLEAERKOKEDE
{ERBEE ST TWS. Ailkics L T~ 72 REDS
BESNTVEFT, BAKABIBITHIEKFOR
BYELEFRL ORIV ERTE I p RS
Y (UTTHM LBET) 2IXL D ET58H ny
VALEWEIIC L ATBRREFOREM L OBE THS
BEEL2-oTWA. ERSENRARKKESHE
KEAROKELEIZIT, REZEEA L LTHERL
THM @ 4 BEOEEFMBTRENTEY , AHIZH]
A ENBRMAKERCH T ROKEREXNFOMH
REARBELRoTETWS., THMERE (BT
THMFP £ B3) 1, MU nAFUREQORRE
RAOMBHERLLBEOIERTTIBELLT, &7
R BB O I ERIENICRTL 5 5 EHN2EE
ThY, RISKEFEST2ERLBOEGE —ERIR
ELT,ZTO&GTCAERET SR THM BE% THM
FPLEREL TS,

THM OREERRBIN TR, BAATOZE
ORABER L EBRTF R SICET 3 HR0R KR
TRIZBT AHBEMEORECET IHELEEL
TFhhTai" ®, EARAERIEEL L TATOR
B ERDE FHEFHLBIZ I VBRETH VR
F L THDHIHD THM OREIZIIBRSHS . 20
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X3 RBEE, TORRYEOREFENEELED
AFBAROKERESH K CHRRER S 2T il
b7V, Bk Z &b THM BB D5 Tt
DR OMITERERENT 5 2 & B EORIRBR D
B - RS KkEAOKEERIZBWTEERTE
LipoTW5 . THM HIEEHE, BRRICHXT S
TIVEE, TNVRBREDT IR e NSHTERIR
Th 3 LRk, £EFEHkE CichRT 58P E
THd. Ly L, THMEBEDEORKE TCOXE , &
Ll FOEBIIELETHFBALNIR>THBHDITT
b2y THM BERSE Y, BE— 7 b2 Tidlewn
OT , HEEETIDIXEETHS. LirL,BOD
< COD [F#EHAE —EDEMETHRE UI-FIZER
3% THM &, 4 /2 H THMFP % THM RiISEHEE
ELTEYHED Z LIEFETHY , ABIFLRER
@ THMFP R4 A FRBAL, URAERER 2 & 08
FawRickit 5%, B L UHEHER CERNE
FEixhoob5.

Rk 6 S5 A TEEKEFIKRERSLEDDD
AEAFEAEDKEDE2ICETHERHBE) 2
EE X, HEFEIZBV T THMFP b1 EH
SFFELRELT S Z LT, ITEMIC L ERENEN
bDERHTWS . AR TIX, THMFP % COD,
BOD, TN, TP @ & 5 2k BIgE L A7 LT, Z Ol
R OFBELRENLORE, Sk, B L UAIEKiE



#-1 ECD ElE &4t
2% OV-17 on Chro mosorb WAW DMCS
80 ~ 100 mesh 3mmID X 2m (glass)

Col

Temp Col 90 C

INVDET 150 °C
Carrier gas Nz 50ml/min
Sample 100 @ 1
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B-1 THMATEWEORLERE L L UAIKEADOH &R

~OMBERRZ BRIV ERLTE2FELR

BT 5. ek, KRBT 5 THMFP 0% Lz, RiE
BICMEEOE TELDDZ L L, KEEDED
FEHE L U SBABORZARE & SHHAan
BLORLVHETIbOLT S . FHER, w2
TR EEEIEE MR LT HLEMFETHY  THM
AR EBRORRERH L FORMELITHEHD
FRERETILDLEZS .

2. THMFP DS HAFZE L UELBERITFEE

AWETIE, THMATRHEORLERL L UQE
KE~DOFTHBRIZOWTHRETL, T+ &384E
BEBELR. £7-, THMFP ELARREITIZ OV
TREL, ZOBNFELZEE L. ®IZ, THMF
P DATREMIZOWTEL OEBRECRE b &
ICEE-BITL, TRENZEELOERICE->T
fisElz. &biz, EFHEL LT RERIIFE
BB 5BERT L OB RAHEZEEL, @)
@ THMFP O EFIFE 25 FHEATEL KD, BFLRA
BT 1T o7,

1371

(1) THMFP DA E

THMFP OFIFEIT , 100ml DFEHT 20 °C, 24 B
BOBEEZEN 1 ~2mgN il 3 & 5 ICKkEER T
N O AR EEINE , 0.IN-H2804 & 0.5N ® NaOH
BREAVTpH 270 IZH%E L, 20°C, 24 BERI#2
OTHM ZHE LTz . THM iT~y FR~_—2 iz k
D, HAZ7a= k57 ( BaE 26330 ECD)
Iz A L, CHCl, CHCL:Br, CHCIBr2 . CHBrs % 5347
Lz 28, 2hd 4 BOLAPE LB LT THM
BREBLZEHL , Z0OHEES THMFP & L7-. &~
IZECD CORELREE2TT. BEEFEOREIX o-
M PUHBEIZL VRIE L | AR B
OPENE, S5emEEH VT 260nm ¥ E T{TF- 7=,
F D, COD, TOC, SS, TN, TP DFIEFElE, JIS
EiCHER L 7.

2 THMERB#YHAORER »
HEABIZEL Y THM OERREE & 2 5 589 E
DREFITAEKFEOEELRAIZ L > TRE S,
E-1i THM fTBEHE OB AR B L UALKIE~D
MHEREZERXMCR L D THS. THM 24
RT2EHPEORETIT I LB L ENTWVBAR,
Hes R B D T IR L FEER -0 1L R Bk HE % KR
LT BB T, RARFOEEWEOKBHILE LK
RrbRHT 3 LBHEOBETIVETHS. T
JITFHIRDP BEA L TV BAETIX, FEHEIEAS
BREEEFHEA L & ABEBIC L A&RKRICHE
Hahk7 I VBB LT KRB LK AR D
EPRBAICEEFNZT7IVERETHS . i,
BROAFBRBICKVTIE, kO pH, KBEAREOBR
BERCEREAR, HREMEFDR L OERLE
FEBPEETS. AHERIZBT 5 THMFP ORAENE
& LTI, UR, £REHEK, FHEHK, LTk
Oft, EIRE UTIudR, B, iRy Eif-.

(3) THMFP DFELARBITFE

LR, £EREIK, FESEKORAEFBAE, %
NENIALER, 1H1BYE R YOREARE
L, IH/PKIZOWT, EREEE, & <1
TR OB, HWEHELY, FEHBdbiv o
AWRLLTE L. BEEREOAFEEAMIT 1km ®
HV 1BV ORATEE L. =, LR, &
TEHEHE K OBEH I, TAMER, URAGHEE, L
R POREBRICBITABREZZEL, X
T, TRYKX, BUEBRERZICLBBERLE
EL, (-BRER)DEZ2b->. B-2icr0EEF
MEZE2RY. 28, THMFP DARFEBrX, £<®



