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o oo 7 4 )ba, WHEER 2R 2YikE
OKEIREOBREMNT, I 5IIKESRERNR S TV
FITHRT BKEBREEOIR TR EE 72 5.

AR TIE, IWNKRZEFBF ¥ > NAZFHRET S
KIE IR DI/ AL 72 15 TN 2 2 Rl Kkt 2
K17, FRERTTINZE AW OKEIREOBREMRT 217>
Too RIENIFR—H51E, AKRGARRS S ik B 25 72 & fE
IBNEROBERRE L TSN TWSA, TEDOR
BTG - IBAEICEEY, KB OE BTG RS s
(LT L TS, £ 2T, RN O@eskgs -
KEBEDOMRERICET L E2HMNIC, TRy 7 A
RKRERRRETIICKD, REHEL TOmEEZESR
BRUOMEREY > OBREREDO BN 5 K DK ER
iz T o7z, a3, ARERETFIVICEEND LI
DINT A=FIZDNTIE, KEME#E{EFiED 1 DT
H5, HHHEETILTYU XL (Simple Genetic Al-
gorithm, SGA) 7% W THR /KD EfE 2 3% & L7z,

T =% ETk

O.00o0ooooooboooooo

KGREIL, BHRF v 2 NANICH D 5 S
725 DN RIS I AL iE 9 2 FESE I Kt o
JIERARILTH D (M1, BKEDHETLE
UFicEEns.

SEFEM (K2 () &, FAEZEMEERUERS
N7 ERH031.3ha, JKEIAER13,800m”, P97k
#8m, HHEFKERI63,000m® DHtKFEILTH D,
TB/KIRFITI3 R Ik D 7Kk F - BRI O BERE AT Kl & L T
BRSNS, FHHEME D O LI 25 O RERAR M
F v TINEAR SN T WD, ZDORMT v T HROEH
DREAEN TH D 7 I P YEORAICE ST, K

01

SR D BLE
CUN R v > 7S A GHEHEE 2 (L)

BAEEEZREY S, FE (2008) iICLiuL, 2RO
SUWEOTFEICKD, BHENZFL hEL, [FH
BMIZFEDLRE TICH S, £, HFTIEMER
TKIRERSE TR S 1, # 1 m AR TR FRIRREICH 5.
L (B2 (b)) 1, W AEA15.6ha, /KIEFE
£120,500m’, TFHIKEER 3m, KK E#62,200m®
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DEEAIKILTS 5. FRBICOETITE D AKEIT
EEZ2LTHD, A (2008) 12kiud,
755N 9 Ao ~11H Ha) o B CEEFE O KT
DB I N7z,
KAGRM (K2 (0) 13,
#719,300m?, EH/KEERIS.5m, #al/K E954,200m® D
BRI TH S, AT,
MTE R E R LT 2REEMDEKLT KT, o
TODKBRERLDEAEDD. £z, A (2008)
THHHE~9 A LF), LTI
HORBTEENBI S N7z,
AWFFETIE, 200745 A~11H 28 &L, &
KR OKE BB ZEEL 2. £9, EHEEELT,
IR < DRBEKEERAKL,
{LBSEIEH O ARE /IS 5 SR,
HKEF (HORIBA #:#1)
BB (c—c#p) #HWARE
KOKEOEGEBMZ, 5F—4%0Y > 71U > 710
G CHEMEL 7z

AHHE - ERBICBEET 2/KESEEE,
Oo7 ¢ )ba (Chla), b2 FRIiE#ZKE (COD),
E#E (TN), &V > (TP), &At#KFERE (TOC),
mirRea s RRE (DOC), 7o 7k (NH -
N), TWifiEEReEEE (NO,-N), flEgReaE:E (NOy-N),
U ey > (PO,-P) OI0EHEHTHS. 7328, TP,

&g,

H A E

ZHEL 7z

6 AT A,

EJA

T HH A
F—=THA A 2RV

PRIIAEA3. 1ha, /KT

TH EA~10H D]

a7 7.

INEGHIGHE - B5E
B T4
Ik DIEERESE (DO)

CHEM L 7=,
ERTDHE,

DL NIV (8~25mg/l) IZHD. KT,

Uiz, &7z, TP OBIEMSRRICELRT 5 &,

— SEHRAEM o-: Tt -w- : RAFMH
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NH,-N, COD o#llEICiZLHBEKENESS (> b
FIVEEEAEED %, Chla ORIEIIZEIOE (Fa—
7=, TN, NO,N,
NO,;-N, PO,-P O#llFIcid 14> 70 757
(AAS A 4327 248 %, TOC & DOC OM5E I
1R AN EREE (L XD TOC st (> b ZIVF
D) AH W BB, BROERERETIICKS
KEBRFE ROBBEICNEL D22 RAHNRICD
WTIE, b5 EREHreE TEHElS N KA S T — % DI

REBHFERE LT, Chla, DO, TN, TP Oz
HiZE 2K 3I1TRT. AR TIE, FAE O KAFREE I
B 2 3 /K KB HiE S KU OECD 12 K 2 #liE 48
B HEAE L i U T, SR DKE DBURIZD W

£9, Chla OB 5 EKBOFEREIZDONT
55 TIZT H~9 HOMIMT, =
S & R AR T B 28 U T, & aEifl
5 5 EE
IZDOWTIE T H I~ 8 AHDWIMT, KALZHLIZD N
TIX7THA~10A OHIRT, W@EHMOL X)L (25mg/
LPLE) 1I2hD, A (2008) X BWMmT o> 7 -
OIS RIC KIS, EEEORER AR & —%

AR &) T BRI R 20 O TRl o L )b

100 20
< s
& | "
2 5L /
< 50. L
= L L Aas A A
o | A e S o
A%0a 29
ﬂ)%\@/&ﬂ”"@(f oo’ 9 i
0 H L = . R , 0 . , . . X .
S50 61 71 &1 91 101 111 SN el 71 %1 91 101 11/
A B AR
10 0.7
I 4 0.61 . a
< i < 0.5+ " ;
g &b 0.4t A,
> = 0.3F w
= = 0.2
0.1!
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0.035~0.1mg/1) WZH vV, —Kh, KRAHMITIZTE
W OL )L (0.1mg/lBLE) THo 7.

DXIZ, DOIEL TIX, W ok TR
Zl U CREAAKERSE (bmg/lPAL) %=L
T, 2B, RARMLTIE, 9A~10A LH MR
T DO OB B S o 7278, THIFEFITE
Lz RHEYOZEICL 2D EBbNS. £z,
TN IZDWTIE, WINO/KIE CHIAIMZmC T2
ERKKEHEEE (1mg/lLITF) ZREITEZ, 2%
WEITHD I ENDOMND. KR, ERICREN EFT
HEMERL, THIEREORBREOREZ 2T
EbDEEZLN, FKSHOKEHOEFREDL I3
M7 o> N ICHRT B EMRTES., B,
COD OEBAFE R ZFRL TWARWnA, WIh ok
T10~26mg/l DEIPHTEILL, ZIUTEEFEMKKE
HiE (6mg/lLAT) ZRIFICHASERTH- .

. oooooo

AWFETIE, nREEE AR N DY EIEER 20 5
ELREAREETIV (FHS, 1983) =&EFICL, K
NOKEZELTH—-ET2T Ry 7 ABURKRAERER

EFINEMBELZ AEFIVTIE, HAIRTEIE,
W75 N> (PP), 8757~ (ZP),
IREmEA Y (POC), WHiFEaH (DOC), U >
REY > (DIP), 7 >EZ7HE%E#H (NH,-N), #Hifl
EE#FE NO,-N), mWErE®E (NO-N), KEFERE
(DO) Dt 9 EHZEIRELIE L. B, Wy~
SURNY, BTSN, SRBREAREY, TATE
AR OBGFRIIRFEZE TR L. £k, EAE
VI HEREIN S 72 2 K RIZEREER T & U THD 0y,
EFINOEBNSYOEEL -, IREEZKROEE C
FF X1 FRROFEIMANORS) ORFZ I, K4
HHDIRAEA SR & 4 S AE ML F N 72 W E BRI K
LA EE B, RT (IZREARER 2H0WE
WHERIC& o TEIND., EWLFENRIGE B3 1
RIS TEIN, £ HBIEETH D OGS E
IZDWTIKIRAR EDRBEEROEENEEIND Z
LT, ARRTIISHERIND. HUTFIC, #IRRER
BOEFINRZEZRT. 2B, EFINAFTHOGNS
INSGA=F%E]L, 2ICEEDS.
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01 LREREFTIVOINT A—FREM

EFIININTA—F 5 i S 13 KA Bfr
0 °CIlTBV B HmAE R a;  0.500 0.524 0.400 a!
TR R 5K B, 0.0633 0.0633 0.0633 ¢!
R I, 732 72.7 72.2 W /m?
ZEFRABH O fafnE s Ky 495 30.00 22.70 mg/m’
1 AR D R E Lt K, 250 20.00 10.00 mg,/m®
0 CITHB B RS %™ @, 0.03 0.03 0.03 da!
TR R 3K B, 0.0524 0.0524 0.0524 ¢!
0 °CIZ BT B N0 58k s 5 5 @y  45X107° 45%107° 4.5X10°° d!
TR R4 B, 0.0693 0.0693 0.0693 ¢!
W75 > 7 b Uk wpp  0.185 0.017 0.018 m/d
0 °CIZ BV DRESEHE %k a; 0.0513 0.0354 0.0350 d!
TR 1R 5% g, 00588 0.0588 0.0588 ¢!
Ivlev 3K X 0.0063 0.0063 0.0063 (mg/m?® !
B D [ (g i T 198.0 115.0 165.0 mg/m’
0 °CITHBV B H ARSI T 5K s 5.0x107* 50%x107"  5.0x107* 4!
TR R gs 0.0693 0.0693 0.0693 ¢!
DO & fafnifi DO, 3.0 3.0 3.0 mg/1
EE#3ES e 05 0.5 0.5 —
KRk R g 016 0.16 0.16 —
0 CIZBF % POC /iR w5 * g 1.00x107° 3.25%x107* 1.20X10°%  q7!
TR R4 Bs 0.0693 0.0693 0.0693 ¢!
i 35 151 L O > B i DO, 15 15 15 mg/1
O RATR G R B & 0.154 0.258 0.240 —
POC ks * weoe 0.450 0.428 0.380 m/d
0°CizBIF 5 DOC 4 fiRsd e w5t @; 161x107° 3.50x107* 3.88x107" 7!
TR R4 B, 0.0693 0.0693 0.0693 c!
i % 1 R 0 - RO T i DO, 15 15 15 mg/1
0°CIZHBIT B Y va s g 0.244 0.550 0.100 mg/m?/d
TR R4 Bs 0.0677 0.0677 0.0677 ¢!
DO 12k % 1 ¥ I 2 * rp  105X107°  0.328 0.080 (mg/D !
0 CIz BV B2y H i * @y 8.00 7.70 0.72 mg/m?/d
TR 1R 5% By  0.0392 0.0392 0.0392 ¢!
DO Iz & 2 & FiE KRR 7n  1.20%1077 9.28x107! 7.00X107!  (mg/D !
0°CIZBIT D NHA-N ifLEEER  ay  15X107° 1.5x107°  1.5x107° d!
TR R 3L B 0.0693 0.0693 0.0693 ¢!
DO O fiafifi DO, 05 0.5 0.5 mg/l
0°CIZHBIF % NO-N fL#EER  ay, 01 0.1 0.1 a’
TR R4 By 0.0693 0.0693 0.0693 ¢!
DO O ffnfi DO, 05 0.5 0.5 mg/1
0 CIT BV B il 5% @, 1.55%107° 1.55X107% 1.55x107% 4!
TR R4 B 0.0932 0.0932 0.0932 ¢!
i 28 B O [ At DO; 25 2.5 2.5 mg/!
Kl T TP DO %58 i 5 * 3020 50.0 54.2 d!
K Ty 0.0 0.0 0.0 C
TR R4 B 0.0693 0.0693 0.0693 ¢!
PR SR A k, 3.10x107° 1.50 5.35X107%  mg/(m?- d)

FFIE SGA 1T X 2 BOlEIRR 21T 5 /2N T A—%
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02 EBERET I OMALHREM

HLER L 5 SR STk AN
W75 > R >H® Chla/C *  [Chla:Clpp 2.20x107%  3.48x107%  1.90x10*
W75 >0 Koo P/CI* [P:Cl pp 2.20x107%  7.98x10°°  7.50x10°°
)75 k2o P/CI* [P:C]p 2141072 1.80x10°%  1.28x10 2
MBI O P/C H* [P:C] poc 153x1072 1501072 3.18X10°?
VAR O P/C IL* [P:C] poc 7.68X107°  4.00x107°  9.00x10°
W75 >0 s 2o N/C > [N:Cl pp L19%107"  7.50x107%  6.35%x10°?
)75 hHO N/C H* [N:Cl e 142x1070  1.37x10"  1.00x10°!
MBI T O N/C H* [N:Cl poc 1.24x1070 1651071 1.68x10!
VAR O N/C Ib* [N:Cl poc 6.59%107°  1.00X107'  2.80x10°"!
W75 > 7 k> HO TOD/C H [TOD:C] pp 321x107%  3.01x107°  2.96x10°°
)7 5> k2D TOD/C I [TOD:C] 4 3.32x1077  3.29%10°%  3.12x10°°
RREREA T O TOD/C M [TOD:Clpoc  3.23x107%  342x107°  3.43x10°°
Vitr A M h © TOD/C 1t [TOD:Clpoc ~ 2.70X107%  3.12x107°  3.95%10°°

D tEm75>0 8>

AEFIVTE, AKBEANOEERICERL, FENK
H-OfOMEEEZDHIET, YT 20
BOPNEBEE L=, T T >0 b2 DRFRE
Crp (mg/m®) OBFRIZLITAR TEER SN S,
dcy,
dt
ZZT, Bi3JAEk, B 3MIls W, By l3EW
T2 MK B A, B, BsldMiE,
Ba\3HEWM T 5> 7 b DRI LD EBRETH 5.
WINE B\, W7o >0 b2 ORKEHEE %
Kl T (CC) OBIfTHZ, H#&H (DIN, DIP) i
%9 A HIRRI % 1, (DIN, DIP) &, /Ko DYEisfE I
(W/m?) 1233 BHlREEk L, () 25ETHI&
T, XAnLsHicERIn5.
B, = a,exp(B,T) 1t,(DIN, DIP) -, (1) Cpp (2)
FREWICH T DHIRE %« (DIN, DIP) IZ,
Michaelis-Menten (& Liebig @ & /NIZE DWW T
KA TEREINS.

=B,~B,~B,—B,~B;— B, o)

DIN , DIP } 3)
K+DIN" K,+DIP
7z, KER (m) OFEEWIZKFHEREITHT S
FRBE %y (D WCBHL TIX, Steele KB LN
Lambert-Beer 2 H W2 &, XXDLHIcEINS.

_ 1 A o) )
e ol o))

@
ZZT, Iy (W/m?) B/KETONRETHS. 2B,
WEiEE s m™ Y 13, HOWEmEE L THEM T S

«,(DIN, DIP) = min{

“ENE SGA 1T K B RGHEEIRR 21T 72N T X —%

>0 N> DAHEEELUZRROFHEN SRD 5N 5.
Kk = 0.825—0.043X [Chla: Clpp Cpp

+0229% ([Chla: Clpp: Cop) s )

sty &0, EARRIC X 0 [EE L= A HmE o
— e R AR O Tl MBI 24T
B0, HEltd D VEEEEBIRIND. s e
FXRATEEIND (Eppley and Sloan, 1965 ; Watt,
1966) .

B, = 0.135 exp{—0.00201- [Chla: Clpp- Cpp) B, (6)

BT T N ICKBWRE B, AiEAatHE
W7o N0 RWMT 520 h2) IRECET
%Ml O E(E (Parson et al., 1967) Z%EL /-
Ivlev & (1945) ZHWTERINS.

By =a,exp(B,T)[1— exp{A(IT*—Cpp)}1-Cpp (D
BBIT* (mg/m*) 1ZFHEEICBIT SMMETH O,
N*ZCpDEEB,=0&725%.

W& By 7s & CNCHiE R Bs 13, HEKRGEED A%
EZEL, TNEERIAETRITSZ&I2&D, X
TIN5,

B, = a,exp(ByT) - Cpp (8)
By = a,exp(B,T)Cpp 9)
Tz, W70 N2 DkE Bgld, T OIRRH
B wp (m/d) EKBOREAKER (m) ZHNTR
ATHALGNS.

Wpp

By = 7

“Cpp 10)

Q) #7208
BT 0 N, WIS 2 b2 ERRRITT
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YR —OROB T 5> 7 N OREE L TR K-
. BTS20 b DRBEEE Cp (mg/m®) O
Mk TEINS.

dc
5= By BBy B, (1

Z T, B3Pk, Bd (FEMY), Bl HARME
CILX2EHRETH 5.

PedeE B, EHEINE By, 375> 7 hCOER
B By LRI R e BRUREESR g OIFEZ M
5&, Kok oickzns.

B, = (1—¢)-B, 12)
By = (e—g)-By 13)

BT 5> FOERETE B, KiRERE
fEFIEIKFET B0 E L, e nfEEuligm &
MM TET LI RATEA LN 5.
DO, + Cpe
7'Czp

By = a;exp (B5T) : C
DO

(14)

(3) YRR

IRERE NI IR ORDIRE Y, Thhbb T
NUZZ%RL, ZOREWEE Cpoe (mg/m®) O
IR TR I NS,
dCpoc

dt
Z T, Byldmia iy omigit, By 3o s
F AR, B lIREEAE O ICL2AHEE
x7.

R ORI, RPN T 71U 7 OIERIZ Y
U, 7Kl E TR FILEE TR 5. IREKTFEIEICD
WTCIIFEEIR B CRIA L, M ARE O FICrE
DML O E 2 MR AT TR T &, BEEAHYD
DIEMILE ByldXKXTHEA NS,

C

IIRAF DA SV, T OWE DX D TR R

VERRERE G (L 22T, IATERE A B~
BI2HLTHS. ZOBREBICLLIEHE B, 1L, &
EREA ) O L 2T 2 RFEIEROEIG &M
WT, HiffiickTRINS.
By, = "By an
X7z, KRB, WHT T N o8 SRk
12, MRBREAHEY OIRREEE weoe (m/d) ZANT
KA TEINS.

= B;+B,+By—B,,—B,,— B, (15)

By = agexp(BT) - (16)

B, = %'CPOC 18)

&) TEEEAEYD
VEAFREAT B DR BB Cpoe (mg/m®) OR§RIZE
LiEkRTERSINS.
dCpoc
dt
I ZT, Byl s 57U 7T X D IRTFREE Y
DEHIC L BEBRERL, WREARYOEE &
I KIR &I R ORI 2 Z A 5 &, Kt
TR 2.

= B,+B;,— B3 (19)

CD()

By = a;exp(B;T) 'm' Choc

(20)
(5) Al
U EEEEY > Cop (mg/m®) BRI &Y
BB # Cyux (mg/m®), HEMEEEEZE # Croon
(mg/m®), fEMEHEZEH Cyogn (mg/m®) DIFRIZL
IR TEINS.

E%E:—U%@WBﬁU%@WBﬁU%@n&
+[P:Clpoe Byt [P:Clpoe Biy+ By (21
ACuy _ —(1—7)[N:ClpB,
de
+[N:Clpp B, +[N:Cl, By
+[N:Clpoe Byg+ [N :Clpoc By
+B;;— By (22)
9%%w723w*3n (23)
% = —1[N:Clpp By +By;— By (24)

ZIZT, ni3Mmr o0 b Tk D EEEERED
WD S5, WHREEHRETY CEZT7EREFROR ST
ThHb, £/2, Bu& B 3TN ZENERENSD >,
EH (FY>E'ZY) O, Beg& BrldehEzEny
CEZTHERESR, WAEBEEFROME, BildizElc
KOEBEEKRT.

RS OIEHE By, 725 N2 B i, 0°CicBir
BENTNOEMT Ty 7 2K LR FHE R IBEA
DIEGFEIZEEB TSI ET, KDEIHICESNS.
agexp(BT— 1% Cpo)

B, = h, (25)
T—rC
By = Qg eXp(thb 7 Cpo) (26)

ZZT, rp (mg/D)7Y) Evy ((mg/D) ™) 13K
DGR AEIC K DR H DMK R E R T INT A—
Y Thbd. iz, hy (m) BEBOEIZEKTN, U
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SRy I AT OEETRREKETH S, By, = k,(DOg— Cpy) 32)
7 RS T B & OHRNE O MBI LA 0 o 32D0% 39
BB T 2 b0TH D, il & REMmEREDKE S 224014 7/273)
WREEE NS, HH ISR T, B W DO = 10.291—0.2809 7 +0.006009 7*—0.000063 T°
MCEHT 5 E, WLE By, BrldkRXTEINS. 620}
Co TITE, BKEBERRELTWNEZEND, [EHE
Bis = awexp(BuT) 6 e ™ Core @D R R RIKE T OSTHES NS b0 &
L7
B, — T)e—b0 .0 28
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Summary

An ecosystem model was developed to evaluate water environment in three eutrophic reser-
voirs located in the Obaru River basin of the Itoshima area in Fukuoka Prefecture, Japan
from the viewpoints of dynamics of two nutrients: dissolved inorganic nitrogen (DIN) and dis-
solved inorganic phosphorus (DIP). This model was based on a completely mixed system and
included nine water quality indices of phytoplankton, zooplankton, particulate organic matter,
dissolved organic matter, phosphate-phosphorus, ammonia-nitrogen, nitrite-nitrogen, nitrate-
nitrogen and dissolved oxygen (DO). First, the model parameters were determined for each
reservoir by the optimization using a simple genetic algorithm in order that water quality
observations were reproduced by the ecosystem model. The calculation results were in good
agreement with the observations of chlorophyll-a, total and dissolved organic carbon, total
nitrogen, total phosphorus and DO, and the validity of this model could be confirmed. Next,
the dynamics of nutrients were examined by calculating the daily fluctuation of DIN and DIP,
and their components of biochemical processes such as photosynthesis, respiration,
mineralizarion, elution and denitrification. The results in common with the targeted reser-
voirs indicated that the fluctuation of DIN and DIP were similar, and the components of
photosynthesis and respiration were superior to others. Also, it was found that the seasonal
change in the dynamics and their components was different for three reservoirs, and that they
reflected the water environmental features of water bodies such as the bottom sediment, a
mass generation of blue-green algae and a vegetation of floating-leaved plants.



