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An Analysis of Nutrients Dynamics with the Planting of Endangered
Species: Focusing on the effects of eutrophication control for
Menyanthes ftrifoliata
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—1 Abstract |

The purpose of this paper is to analyze nutrients dynamics depending on biomass
of Menyanthes trifoliata L., the endangered species, in a small closed-type wetland.
In order to wunderstand dynamics between Menyanthes trifoliata L. and
eutrophication, causal loops and stock-flow diagram were constructed. The result of
the model simulation was matched well with monitoring data (Menyanthes trifoliata
L. biomass, TN, TP, DO). The model was simulated with 3 scenarios. In case of
scenario 1, the initial value of biomass was Omg/L, and the eutrophic state period
was 77 days. In case of scenario 2, the initial value of biomass was 35.8 mg/L,, and
the eutrophic state lasted for 13 days. In case of scenario 3, the initial value of
biomass was 71.6 mg/L, and the eutrophic state was nonexistent. The scenario 3 was
selected as planting plan of Menyanthes trifoliata L. Through this study, planting

design with an endangered plant was developed to control eutrophication in small
closed-type wetland.

Keywords: Z=ELI=, ZlaZt, ARHAA|, FHUs =F

(Menyanthes trifoliata L., \Waterfront, Planting design, Eutrophication,

Algae)
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5% 0.003mg/L)o] FAOl F-FFFE FAF i 15mg/L, F 2L 0.1mg/D)7F FHE 4
5 7Hstal, 2aubE AAR] 271k gigk 3719 Avel s Atk 2EYE
RBAFZF] 2713 25UE A4 AATAA 03mE FAE B9, md & ol oF)
AR AT ol AV L 19] 4 0mg/L (0/m), AHE]L 2= 35.8mg/L (4E/m’), Al
U9 32 71.6mg/L BE/m)= AAste] EASGTE FdY¥st dd 2AE <FE 1>9
BEFELaeEE 7IE2R STk

Al e 1, 2, 35 AEF AlEdeld A tedt 2k AU 12 2FUE 0

(%)

mE 2I\GRoR AW Ao FIgs /)zkel 77U AP AA kgl 2EUES
HgaA 2ke ASNE F AFET-P) S F AAFHTNE DA ghshs Rol
WARAEY, o= £ Uel EAN xR HARE L B oF Fgon ¥
F ook AT 27 94T HEoR ste] GRAFE} FEADL FAo] F7
A hibA Redakal v1zke] Fbg Aode BT & UATHIY 71 Atel 29] A
ZEUE 4R/ 2/1R0E AE% Ao, RYUT /e 13UE ekt AU 1
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Menyanthes Trifoliata

2 [ erd = +4 Dl | ol
ZEYE MT() = MT( - d) + MT_ in -
Stock MT - © ( ) M ] s mg/L
e MT out) * dt
MT in = IF (MT_CNt=0) THEN
(MT_gr*(MT_Ctg*MT CL)/D)*MT)
In flow MT in - ELSE - mg/L-day
(MT_gr*S¥(MT_Ctg*MT CL*MT C
Nt)/D)*MT)
Out
q MT out - MT_out = (MT_dr*MT_Ctd)*MT |- mg/L-day
ow
ZEUE ek 9 | MT_CNt = (IN/(MT_halfN+TN))* o
Parameter | MT CNt o ) e - B - Sle
e AGAT | (TPAMT_halfP+TP))
z50Ed g A
= =
Parameter | MT halfN 2ol uhg e - 0.01 mg/L
ZEtEol gk <l
=1 RS L
Parameter | MT halfP of wrzal - 0.005 mg/L
Parameter | MT gr ZEUESY] AAE |- 0.026 1/day
Parameter | MT dr FEUES APEE |- 0.005 1/day
zEE 448 oo
Parameter | MT Ctg ow wAASE - 3.272 AT
220 Y38 .
R 94 o
Parameter | MT CL DA A2 0.94308 | §l=
ZEv=e] 994
Parameter | D _ - 0.63 =
A A AAA S n
E2EH=SI N, P 9
Parameter | S " N - 0.24128 | §1&
RBAAA S
ZEHEe] AMEE
Parameter | MT Ctd 1.05 18y

o 2 A




48 &= AIAHECIOUA o) M167 MI1E 2015. 4

T-N
72 | eed oy 4] Rt | e
- TN(t) = TN(t - dt) + (TN_in -
Stock N F ALY - 60 mg/L
TN out) * dt
TN_in =
Inflow TN in - (AlgaedrAlgae*Algae fn)+(MTdeMT* | - mg/L-day
MT fn)
TN _out =
Out flow |TN out - (AlgaegrAlgac*Algae fn)+ - mg/L-day
(MTgrMT*MT _fn)
ZRAYE
Parameter | Algaegr Algae Ep e AlgaegrAlgae = Algae gr*Chl-a - mg/L-day
2 o ©
ERAEE
Parameter | Algaedr Algae 2R AlgaedrAlgae = Algae dr*Chl-a - mg/L-day
2 o ©
ZEUEYLE
Parameter | MTgrMT PRI R MTgtMT = MT_gr*MT - mg/L-day
o
FEUeArE B
Parameter | MTdtMT 2By MTdtMT = MT_dr*MT - mg/L-day
z=2 _g] AN H
AT A
Parameter | Algae fn o = - 0.13008 | $l=
&
FEvee da
Parameter | MT fn = o = - 0.04789 | S+
wllE
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T-P
72 | uey e 4] Rt | e
- TP(t - dt) + (TP inflow -
Stock TP Z= 9l ¥ - 11.3 mg/L
TP outflow) * dt
TP in =
In flow TP in - (AlgaedrAlgae*Algae fp)+(MTdrMT | - mg/L-day
*MT_fp)+Edo
TP out =
Out flow |TP out - (AlgaegrAlgae*Algae fp)+(MTgrMT | - mg/L-day
*MT_fp)+(kep*TP)
AlgaegrAl | 27L&+
Parameter AlgaegrAlgae = Algae gr*Chl-a - mg/L-da
gac Z BB gacgralg gac_g g y
P e AlgaedrAl Algae_dr*Chl Ld
arameter aedrAlgae = ae_dr*Chl-a - mg/L-da
gac BT, gaedrAlg gae_ g/L-day
ZEUERLE
Parameter | MTgrMT MTgrMT = MT_ gr*MT - mg/L-da;
MR L A -+ gl
ZEEAE B
= * B .
Parameter | MTdtMT PRI MTd:MT = MT_dr*MT mg/L-day
Parameter | Algae fp | 272 Q1 BHl& |- 0.00813 | 8l
281}l
= } Qo
Parameter | MT fp ol Bujg 0.0087 IS
P Ed DOE = e DO*(0.0001 /L
arameter 0 ol gza (0. ) - mg
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Chl-a
72| ped o 4] Rt | o
Chl-a(t) = Chl-a(t-dt) + (Algae in
Stock Chl-a AE4ha T 810003 mg/L
- Algae_out) * dt
Algae in =
. B mg/L-da
Inflow Algae in | - Chl-a*Algae_gr*Algae CNt*Algae | -
Ctg*Algae CL Y
Out Algae Algae out = mg/L-da
flow out Chl-a*Algae_dr*Algae Ctd y
Parameter | Algae gr | &5 A5 - 2.4 1/day
Parameter | Algae dr | 27 APEE - 0.1 1/day
N Z5 AAE Algae CNt =
ae N
Parameter N 8 gt JSEA (TN/(Algae_halfN+TN))*(TP/(Alga | - Ssec
t -
A A e_halfP+TP))
Algae Z5dq g5k A4
Parameter halfN o] whgal - 0.025 mg/L
Algae | ZFd et <19
Parameter halfP g - 0.001 mg/L
Algae | 2F AFES
o
Parameter Cig on wAAs - 1.05 AT
Algae | 2F AFEY
- o
Parameter L DAl 0.094 AT
P Algae Z5F AFEEY] 115 o]0
arameter , ) o
Ced ex HAAS .
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DO
72 ey e 4] zoRt| o
DO(t) = DO(t-dt) + (DO _in_Algae +
Stock DO 24 T DO _in + DO in MT-DO out SOD-|8.37 |mg/L
DO _out BOD) * dt
in flow DO _in - DO_in = Ka*(DOsat-DO) -
z59] DO_in_Algae =
. . . o ) ]
in flow DO _in_Algae 2 Bae AlgaegrAlgae-(Chl-a*Algae_respiration_ra mg/L-day
te)
- 5O i MT g9 DO _in MT = L
in flow in N - mg/L-da
- T B MTgrMT-(MT _respiration_rate*MT) 8 Y
Out flow |DO out BOD |BOD AF2AE# | DO out BOD = KBOD*BOD ; mg/L-day
DO _out SOD =
Out flow | DO out SOD SOD AbAhAR -~ - mg/L-day
(SOD/wetland_depth)*0.001
ENEN
Parameter | DOsat . - 7.54 mg/L
oeE ¢
Parameter | Ka ANZ7N A - 3 1/day
Algae respiration .
Parameter & b ZF 555 - 0.03 1/day
rate
MT 2,10 =52
Parameter o ZEUYE IFE |- 0.05 1/day
respiration rate
Parameter | BOD BOD &% - 1.76 | mg/L
Parameter | kBOD BOD A|AE - 0.67 Brecy
> . HAE SOD = i
arameter - mg/m'"da
Aba Qe MT*MT_dr*1.0423*wetland depth & Y
Parameter | wetland depth 4 - 0.3 m




