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The Ecological Modeling for Estimation of Carrying Capacity
in Masan Bay in 2002 summer
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Abstract : This study focused on coastal water quality response to land-based and sediment pollution loads and
estimation of the carrying capacity in Masan Bay using an ecological model with the data in summer of 2002. A
residual current was simulated to have a slightly complicated pattern with ranging from 0.1 to 1.5 cm/s. In Masan
Bay, pollutant materials cannot flow from the inner to the outer bay easily because of residual currents flow
southward at surface and northward at the bottom. The simulation results of COD distribution showed high
concentrations over 3 mg/L in the inner part of Masan Bay related pollutant discharge. For improvement seawater
quality grade | in Masan Bay, it is necessary to reduce the organic and inorganic loads from point sources by
more than 80% . For improvement seawater quality grade I, it is necessary to reduce the organic and inorganic
loads from point sources by more than 50% and ameliorate severe polluted sediment. The carrying capacity for
COD is 2.32 ton/day and 7.16 ton/day for each grade.

Keywords : coastal water quality, land-based pollution load, carrying capacity, COD, Masan Bay
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Fig. 1. Schematic diagram of eco—hydrodinamic model(a) and biogeochemical cycle(b)

in the ecological model
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Table 1. Input data for a hydrodynamic model

Parameters

Input values

Mesh size
Water depth

Ax =Ay = 345 m
chart datum + MSL

Time interval

4 sec

Level

L1 (0~4m), L2(4~8m), L3(8~12m)
L4 (12~16m), L5(below 16m)

Tidal level and degree at open boundary

refer to Kyongsangnamdo(2000)

Coriolis coefficient

f = 2wsiny (y=34°55"N)

Surface & Internal friction coefficient 0.0013

Bottom friction coefficient 0.0025

Horizontal viscosity/Diffusion coefficient 3.0E4 (cm%/sec) / 3.0E4 (cm®/sec)
Wind speed 0.0

Calculation time

90 tidal cycles
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Table 2. Input data for an ecosystem model
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Aot 271A 2
o] Atz Farste]

parameteri= 7]&

sste] AAsHItHTable 2).

Parameters Input values

Mesh size Ax=Ay=345m

Water depth chart datum + MSL

Time interval/Calculation time 600sec / 200 tidal cycles

level Phyto Z00 POC DIP DIN DO COD
(mgC/m’) (mgC/m’) (mgC/m’) (mgC/m’) (pg-at/L) | (ug-at/L) (mg/L) (mg/L)

A 175 400.0 40.0 800.0 2500.0 1.50 15.00 7.00 2.40

B, 175 150.0 15.0 400.0 1500.0 1.00 10.00 8.00 1.50

C, 175 150.0 15.0 450.0 1500.0 1.00 10.00 8.00 2.50

(A: Initial condition for compartment, B: Boundary condition for Chilgendo, C: Boundary condition for Gadukdo)
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Table 3. Parameters in used ecological model

Item Parameter definition Unit Value

Maximum growth rate, a; day? 0.54 exp(0.0633T)
Half saturation constants for nutrient, Knp g/l P 0.3, N 3.0
Optimal light intensity, Iop y/day 180

Phyto— Light extinction coefficient, k m! 0.40+0.0179<Chl. a

plankton Fraction of extracellular release, Ext - 0.135 exp(-0.002 Chl.a)
Respiration rate, as day™ 0.01 exp(0.05247T)
Sinking rate of living cells, Wp m/day 0.15
Rate of nature mortality, a4 day? 0.054 exp(0.0693T)
Maximum grazing rate, as day™ 0.18 exp(0.0693T)

Ivlev constant, A

(mg C/m)™" | 0.01

Zoo— Feeding threshold, P* mg C/m’ 75
plankton Energy expenditure in grazing activity,v - 30% of daily carbon
Assimilation efficiency, n % 70
Rate of natural mortality, as day™’ 0.054 exp(0.06937T)
Organic 1\/.ﬁr1e.ralization rate (.)f detritus, ag day! 0.01 exp(0.0693T)
Carbon Sinking rate of detritus, Wpoc m/day 0.4
Mineralization rate of DOV, az day 0.004 exp(0.06937T)
Z fdEE s F 1670 sy g% s ojthz5-det A, 1997). mhikvke] @ AH-a}
o) 7 9 HERNE AWAAC, Table 4 F E BRI BAap) ok A%
of UehliSlel wiitwtel #9d¥= F @ 7Yl el A 22 HlES BolFRlaL, 53] siel
e RN 63%% b we ulEe A o @ Nojwe xEddel ARA199) A
Aeta glor dF MR AU 31%, WA o wlal WA A} Tha e
o FYUFE 6%l 55%‘53} AF(1998)-> e BT Stk EAEAAS dYd &=
95~9611°] FAo|A = £ ¢4k Qlo] 8 mg/m/day, Yol HAavt

Ggo) oF 6o, APER %

36 mg/m?/day(7]
mg/m’/day, U=

F3h A,

TT 5, 1994), 214t <Qle] 13

Yol A&7} 91 mg/m?/day(Z
1998)2 1 zpel7} AA| HEREL

fofol walwl ARA Aol AH ek o= W o= ZAAIe} 91x9] Aolo} wEEE =4
A o] Al F A A ellA AL Hel FAR Qg o ® JehET)
| &FARE Y BEAdS 7HAAL 7] Wi
Table 4. Characterization of input loading in Masan Bay, 2002
) flow rate(ton/day) COD(ton/day) DIP(kg/day) DIN(kg/day)
regions
loading percent loading percent loading percent loading percent
Masan 225,606 29 7.2 44 103.9 23 2,820.7 24
Changwon 257,159 34 0.6 4 58.1 13 2,468.5 21
Jinhae 42,481 6 1.7 10 20.5 5 474.7 4
outfall 240,000 31 6.8 42 266.4 59 6,218.4 52
total 765,246 100 16.2 100 448.9 100 11,982.3 100

- 63 -



3.2 YEfARH S EF

= WQ%E%%Q% N W ode Mo WA R o -
O 0 — — — = >
0o TS ™ o ol w5 oMo T oo =g ] =
T 0= oM BTN LT T R <
Hr LTI PR ) R RN L <0 .
TO®m T o ™o o Hogr W m B Roxr Moa o o | e
Boo® mouE ST M g oy ’ -
e o %ﬂ%ﬂmﬂzf@% %%mﬁﬁ%ﬂ%%wﬂ . S
XK T e % g o HY dnaoduoﬂmﬂ(mﬂ - 2
NEN O NUIwhw F mp FERE B LY
2 RERELAFT T o dmIARCET 3
Ty waz*Tuhe g WE®EpETd) I -
NAF SR omoa T H ol g e gy e A DR 1131 “d1d paEmIED
= | [ e ® | 1 _—
MEE Grer s h PR R N T iR T O
.. ~ X — o — U —
S %mu#ﬂwr.%wﬁwmwﬁ%%o(mumu%ﬂﬂm M
208 e gopmatT T Ar R e
= dom -opd K W T T gy sy o W <. ]
B U - L B B e e
S S 1) B M R B s T "
BEET WP 4T AR N W T B Y N
PN BT BT B do B R S g R a
T OB O~ < RV m opx KB N — N
T n O~ = zo N XL i S o 2 2 e o o
T w2 TR R w2 AE §&g88 8 s 8
T o do P W ™ A_ﬂ ~ oo MR T FNIA PYEMIED
R ) N oo ™M B 3
T Ao W PR gL HEE™ R IS
Do e B G pmm o @525 £ =
GexcrT  § feiofxhE2zog I ;
w ° o R T m_vztﬂ'ﬂﬂ_/n_rmﬁ.uﬁ_@w Nm b
= A9 A %%?%%ﬂﬂﬂgd = . -
oo TR G A B = <18 i N
ze] —_ O — —_—
Momadﬂmﬂﬂﬂm o Wﬁam_low_mﬂ‘%npﬂohﬂwﬁﬁw%\ s ¢ 13
7oAk M) = 7 Mo ®— %W T o . S
KA =3 ol N L ol op © N
AT do B o T I B G ol e g .
g W T < 5 e == ' X G- < =
= S o AL & H XXX XN%T T iy o
= R R O N N O 2
ﬂ%ﬂaokoqéﬂ = %_aﬁ% oo R S N R I S 2322 2 8
U:Wuw_\vﬂr‘._llo EEH{W\ H.Mo ﬁoaﬂt..ﬁ%cng..%doﬁiol_u_dﬂ‘wl n S o N N - S
o o % TEH o Wyl gp=p BAOD paieIaIeD
FF A48T o oo s WA x o <

Observed DIP, yg-at/L

60 80 100 120

Observed DIN, yg-at/L

20 40
- 64 -

0
Fig. 7. Comparison between simulated and observed COD, DIN, DIP

Observed COD, mg/L



s o

20024

Table 5. Sensitivity coefficients of the model variables to 10% change of parameters

COD

0.151

0.714

0.134
0.323

1.297
1.008
0.000
0.168

DIP

0.491

3.133
0.063

0.063

3.750
2.769
0.000

0.316

DIN

0.011

0.045

0.067

0.106

0.290
0.253

0.091

0.001

Phyto—
plankton

0.582

0.788
0.077

0.088

3.480
2.972
0.000

0.306

Parameter

Phytoplankton mortality

Phytoplankton growth rate

Detritus mineralization rate

Dissolved organic matter mineralization rate

Zooplankton grazing rate

Zooplankton death rate

Benthic nutrient release rate(nitrogen)

Benthic nutrient release rate(phosphorus)
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Fig. 8. The distribution of simulated COD(a), Chl alb), dissolved inorganic nitrogen (c), dissolved

inorganic phosphate(d) at surface in Mansan Bay

Table 6. Scenario for estimating carrying capacity in Masan Bay
Reduction percentage (%)

[tem riverine load outfall load sediment load
Organic DIP DIN Organic DIP DIN DIP DIN
Scenario 1 60 50 10 50 50 10 - -
Scenario 1T 60 50 10 50 50 10 50 10
Scenario 1 90 90 30 80 80 30 80 30
=5 ¥ohel Gl B AT 0~90%7F o] oj& Ao ® YehdthFig. 9).
EPHES Sgivh 42l AdelenyE B9 Adele Do Be £39% 23 et
[, T 5@ COD 1, 2 mg/L)& WHehs 879 $R8¥s 20 ng/l oS vehle 2
S St mhkvtel =4 iAE 91l o] whahk WS ZA)akalck(Fig. 10).
Agshor & 2.9 a1 s, Akl Mo we FAdE A vl
AdRe 1o 4 24 65 Ans Ave HeAeeTH FREEIL 10~15 ngl B
Wb BE OS] Seiietd SRR % a9 I5F 94 k@ dom uud
27F 2 mg/l olFew Y Iewel 42 24 (Fig. 11)
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Fig. 9. Horizontal distributions of COD(a) and Chl. &b) in the Masan bay from scenario |
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Table 7. Carrying capacity for accomplishing seawater grade |

and |l based on chemical oxygen

demand
. reduction load carrying capacity
Parameter source Loading rate
grade [ grade II grade [ grade 1II
Sum 16.24 13.92 9.08
COD stream 9.48 8.53 (90%) 5.69 (60%)
2.32 7.16
(ton/day) Outfall 6.76 5.40 (80%) 3.39 (50%)
sediment - - -
Sum 1,148.9 937.4 5745
DIP Stream 182.5 164.3 (90%) 91.3 (50%)
2115 5744
(kg/day) Outfall 266.4 213.1 (80%) 133.2 (50%)
sediment 700 560.0 (80%) 350 (50%)
Sum 14,082.3 4,224.7 1,408.2
DIN Stream 5,763.9 1,729.2 (30%) 576.4 (10%)
9,857.6 12,674.1
(kg/day) Outfall 6,218.4 1,865.5 (30%) 621.8 (10%)
sediment 2,100 630.0 (30%) 210.0 (10%)
() : reduction rate
3l7] 9gk ed¢d Az Heleke £-7]18(COD) 31 sks| %], A|2¢A, A|1Z, pp. 63-73
o] 13.9 ton/day, DIP2 937.4 kg/day, DIN+= A4 4, 22d (1996). A mEs o]
42247 keldayith. S TEHS 4487 9 %@%ﬂ4§WQ&Aw4ﬂ% EEELE
3 mpibeto] WlobEel 4 Qi .olRslake] @ ), A|129, A43, pp. 383-399
=, 3H8FS COD ¥3} 2.3 ton/day, DIP AFr, #HdZ (2000). A 2ES o] &gk A

211.5 kg/day Z1¥]3L DIN 9,857.6 kg/daySitt. Fr JHools ol sk ALY &are)] ok
aeja i T swe 24dsky] 98 8% $d-55ts] ], A3d, A%, pp. 52-61
COD 7.16 ton/day, DIP % DIN® k7t 5744 57, w4, 71335 (1994). 87 vhabnke] 5
kg/day, 12,674.1 kg/day= 2rsfoF & Q- ddst AolE 9 AR A, g
3k COD 9.08 ton/day, DIP$} DIN z}Hz} 373 3}8138] %], 2134, A3E, pp. 185-195,
574.5 kg/day, 1,408.2 kg/day= e}t o7, 7%, 9% (1996). thiZ o) <
—§l. 1:1}./\ u]— xﬂ?'/\_q /\;Gﬁﬂ- 6‘]—%;@1—1‘46‘]—3}4
ZIte] =2 #, A54d, A1Z, pp. 15-23
23, A (1997). mRRre] A7|E B4
o] dA7E FHF ] AR IAI(H °J°1 2 sead 54, dasiradasieA, Al
274 A, RP-2007-ME-XXX)9] ¢ 29, A9, pp. 74-85,
ow FPHAFUTH Z3A, A (1998). Ksfrpitvte] @ AR
o] EQEA, dxsieraldEstslAl, 4104,
29 A3, pp. 132-140,
234, A (1999). Jsjupiiete] 45
A, 0EY, A (1999). SASRERAS A FARDY, kAT, A
ol g3t s sh7geke] M A, sk 119, Al1Z, pp. 41-49
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