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The Budget of Nutrients in the Estuaries Near Mokpo Harbor
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8 2t . LOICZ(Land-Ocean Interactions in the Coastal Zone) =28 o] &3}, HX 3 FH T (Fis 349, dIds-733% 37+
Aol A dojupe AA sl =3 HF S oldlstuA A JED FAE AEETE vAFE Al7IQL 2008 59, 94, 119 E
simple three-box modelS 28315131, A5 o] HAFE 7€l twolayer box modelS Z-8315th B4 FX& 243 Az, s€3 790
Ao 2 RE FFho] JHAPHRL, Gt Edol AT W Ty Ei= Vig)s €3 TR FdH= LA DIP) 531
o] J1F w9 iR Ui FTFE LS AV FYFET o gt 283 98 B X Ao g s 4
S A W= 9 Yt (sub-region MOlA F¥e] e AV FAFAT. AF27111€)el Qe TH@E)e] R Aol
e AT gelr s dFdel AAHNL, ¢ BR(AYET-F535)9 dFS T2 oM E 5 W dgde] FAHE ow
Ehtrh oot e AREL HXF FH T HoR FHe dEHEe]l Sl YIE wak oy}, el el g oA
= F7F FHEH dvke S AR vk meba] 53X 9 skl e] A fAEE A e B9 E 58 SV 44 F3t
Fe Azbshe ek 4, W Sto R G4 U= A A% FF A o] P oloF & Ao ® dE)
HME0 : Loicz B, U A, 85 HF W, A9

Abstract : Land-Ocean Interactions in the Coastal Zone (LOICZ) models for nutrient budgets were used to estimate the seasonal capacity of the
Youngsan Estuary and Youngam-Geumho Estuary to sink and/or supply nutrients such as dissolved inorganic phosphorus (DIP) and nitrogen (DIN) to
provide an understanding of the behavior of the coupled biogeochemical cycles of phosphorus and nitrogen in the estuaries (Youngsan Estuary,
Youngam-Geumho Estuary) near Mokpo Harbor. During non-stratified periods (May, September, and November, 2008), simple three-box models were
applied in each sub-region of the system, while a two-layer box model was applied during on-site observation of stratification development (July, 2008).
The resulting mass-balance calculation indicated that even after large discharges from artificial lakes (in May and July), DIP influxes due to a mixing
exchange (Vxs, or Vie) were more than terrigenous loads, indicating the backward transportation of nutrients from a marine source. The model results
also indicated that for nutrient loads (DIP and DIN fluxes) in September, an extreme congestion of nutrients occurred around the mouths (sub-region III
of the model) of the estuaries, possibly due to an imbalance in physical circulations between the estuaries and offShore locations. In November, the
Youngam-Geumho Estuary, into which freshwater was discharged from artificial lakes (Youngam and Geumho Lake), showed nutrient enrichment in the
water column, but the Youngsan Estuary showed nutrient depletion. In conclusion, to efficiently control water quality in the estuaries near Mokpo Harbor,
integrated environmental management programs should be implemented. lLe., the reduction of nutrient loads from land basins as well as the deposit of

nutrient loads into adjacent coastal lines.
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Yoon et al., 2013; Woo et al., 2014).
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¥ 3 Q1THByun et al, 2007). o] & Q18] FAHoTE Fx
SAAE FH E R A d9) = dx A4 5S4
3 & el d FslE7|= &AW (Jung, 2011; Jung
and Jeong, 2013), Xt} F7] 41 oAl HH Agte] &4
e UEgY S RiA 2 09 B2 ol FA A
Soll MyS A EohRyu et al, 2000; Kang and Moon,
2001; Bang et al, 2013). Tjo] 24 F7] F<t @49} <3
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A, A5 B o wEpA s AL FEE AAsE

AAHE 7 Q1 BAZL Bgs AAHD qlol, 4 oS

off
o
iz O
o
_&4
o

[e}
et al, 2013). 3, FA7]Q S HAEH] 7Y W A H

3
Ak 7] %= 8Fal(Conley et al., 1995),
A o] FRtx o] oy Jejo] Fdg EHo]
O Z M (Mucci et al., 2000), 7|5 A e Al F42Q0 3
HE Sl A olg ge Ald
%lE}(Jeong et al.,, 1999; MEIS, 2015).
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sjAst=d 83 W eltt
BT, AdF-FEs )y el ot
A ZA= 2008 5¥ 26, 79 169, 99 20Y, 11€¥ 26

o B 48] Eshelon, vhxdA bk Ae(HEA)el

ZAME BT o] F, 79 ZAbelA S

Zo] B=FAr). wEkA 54, 99, 1199 ALolE= 3719
O~

Aoz FAE i ¥ Fel(simple three-box model) %
= A P =]

2
£
i
i
2,

A, TE = 5 9 (two-layer box model)S S5 =2

A% wANA.

1. = 2l

g wbs wdlo] ] o, WA E4 FdH f
EE& % & FAE goeta, 44ts s o] ¢l
HEHolgh= 714 Sholl kb (residual flow)e] 32 2
ato], AL A7) B A7) &5 R 4% 35 =
= 28 2AbA 8% FEE w5 58 B 5%
& e ol & St te 2 AA 20E A



@ 2 1% B HTG W BE A A AAWS 21245 %A 2y
- . aVv N AZ atxs 2d 488 23t 714
Q43 e e £ dl(quasi-steady state: e 0= M oi : s ores _H 8 - .
t O " T2 A% AAF(VR), LA ASse T 9
o 1= s . .
A Aold Feisle] EH0R S5 9 FUF (V)
@ drder FYHe B F Fadele AF 5579 a7 Qph) FES EZoAR dojt
RS 2SS IR STV, LAV, AR @ e AFE BANAW ST N2 FAVawH o), X
S (Vig), B5-(Ve), 24 Aol 93 2aa(vy) 5ol 3 zow gutd 0, B35 U A7 A AT 9
CHEQS FUBVHH TN W AT FEHE o e Zur meA Vare- Vew 4 V(6714 Voo & oo
= surf deep R deepi= O
A (Vr)O CHFig. 1). 2289 3F, Him o)sf /a9 1 B 50T, Vi Vars 29 252 2i=tho|gts 54
el FrE(Ve & FA A A wel fEdol o] A=}
715 s, el H71E duh QA (Vsaw®l @) wgZE A7) AeuE v wha mdd Aol ge
A5, HHES ASs 3 AANE T =3 wEs) radel o d 7k A wBF(V)S FA BT}
o, @A dAstta ZHg e @ sk WA 954 82 37 TF(estuarine circulation)
@ P BE JE oA, 3 (system of the model) W= B S A A Jolo] o8] 2 E3HE Th(Fig. 2).
THE F AAEEAQl nkgol gl o8 AlAH EEH Y 9F FAE AE2S Ed o U2 499
7{14. Ag*]—ﬂx] %};q_( dSsyst O) ﬂﬁﬁ‘}r‘(vdeep)g} E%‘/I:O _}I:ZJI :“_E'@'(VZ)Q] -O/]%H E%EJD}
dt ASH W A FAE Al ASTF(Vaep)® Tl 30
Fig. 1914 Sye= 379 Wl 92, Sov 3G9 9&, So =0,
o5 W G, S B0 PR, Vs 2AAE o5
o gt slale] AAE §5 Qe A5 BHL, Sets WED g
afjo] AR FE, S Tl I AAHE dE X,
St BAEH QR FEE 717 YERITE Sy S Sk, e s [ ves, =0
Se& AlolF GEIES B 002 HgE 4 glrk Vel B VoSo =0
Vic S =0
VesSps =0 -
[,3 v VoS3 Ve1'Sg1 =0 _ ‘erl * (Systa = Ssysts) Vieer * Sevsd
VerSes=0 4+ VoS VorSos =0 = Vi Grcna =S Gopta = Std* Soua = Su) ?
Ivrea‘srrra =0 l VouSqi v
+Voa1'Soa
Vi3'Srs VR1'Sr1 +Vrg1Spe1 =0 Systa (psu)
Ssyse-3 (psu) Ssyse-1 (psu) _Vd“l’ * Socna 5
VarSes VerSea =V {Surs/ Sasea= Sowd)} * Soaa Vipsea (00')
> o k2 sl
Vx2'Sxa ] I E{};G\\/dt‘ssgszo l-i‘l/"sc“/dt'sst‘rlzo ;{;;:w'/dt'ss[;=0
Vr2'Sg2
' VerSpa=0 Fig. 2. Simple diagram of water and salt budget day™) on
g p gr get (g day
s (i I VerSea =0 stratification period.
Vo2Sq2+ Vo2 Soa2+ Vrg2Sre2 = 0

i @ 853k 713 Bt HFe] AF Al Hresidence time)
dVsew/ dt * Ss62=0 -
T (water column)®] FFH (1) L AZTH(tg) W 359

. . . o
Fig. 1. Simple diagram of water and salt budgets (g day™') on A5 A7 717 the st 7ro] AAkgkTh

non-stratification periods.

a9 sl Y 7 e wAFVYS A KEF 4 - Vst —s @
(V) Bl oisl sl A VR A LA S8, Vg 14177
olajgroll o5k sk i E(3lo)e] "k AlF Al Hresidence T4 = Veyst—a 3)
time, T*)% ?:_} le 3113]' | Vdeep | + | VZ |
Vit (Vsysts = water volume of the upper layer during stratification
™ = m @ period; Vys.q : water volume of the lower layer)
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Vdeep ° Ssyst-d + VZ * (Ssyst-d - Ssyst-s) - Vsurf * Ssyst—s =0 (4)
o1 7] A,
Socnfd - Ss st—d
Vz = Vi * -
? ‘Ssyst*d - ‘Ssyst*s
S St—S§ S(Jm*( - Ss'zs‘ —a
_ {VR . syst —s } . n—d syst—d (5)
Ssyst*s Somfzi Seyst*d - Ssyst,*s
Vsurf = VR = Vdeep (6)

W, AFFAe) G F4 P e v g

Vdeep * Socn»d - Vdeep * Ssyst-d - VZ * (Ssyst-d - Ssyst—s) =0 (7)

O

39 frs = Avo] whZ W (MLTM, 2009), B4+E 2 <
255

HE-55T st Ao g FEe AE A
g 37le] 2FEEIET YW mdy ~ g, gElE ~E
L 2R ~dEAE)E T8 EYEHL o, o] T sd
st wjde] ~del Abolo] FRE= fd&o] waal 4
o] zlo] #jFt =49 FE-YPFol A WS 32w XA}
HATH wEkA o] o] FxyrE FI AA FHoE D
o SFTF(JANE 7Y, dE-FEE ) FH S
= 27 RS 28 s el tEiE w4 Bk
I G wekow 747 Ao WA Exs e AP 54
< u#3Qlt. oldl ulel GAits WwrEAlet EX AU 25
H S Fol#Fe] ddS e Y9 ector 1), YT D
335 BxAe] FF e B8 S 3 B 9%
W= F(Sector M), 18]Il HAEF H3F A 9] §4 29
Ao FFE wowA FrAEH A} skt F FE)
= T (Sector M) & 3709 LalFom ARt
(Fig. 3). 22319 I (Sector D] WA oF 15kmEH, T&2
2 s gxAe] AW s Gel A At EIEA|, diE
TEAA, 1Ltk FHALE Foll S et &Y
I (Sector IT)9] WAL <F 20 km=A, L4 LZASY} S5
ZA AW oA slida ARt Etdd )9t 3
AMEE FYsHA trA2E A olule o]t &

TS At SR 928 239 M(Sector M)e]
HAL 20 koIt THO R =
B} alolo] F59, Axo R skl

=
-
= S = olzxll= =0 S
=5, == ]’H—n HLOHJ— LH‘_IE 037"3?5} }1\_,‘1)3r

&

SERE DT
SANE WS A HALE Aol s, Hamom = gtal)
wE FHoR FIA e el mltd dels A
ehE FAsHA A= A ol sfHolrh. AF s Aol A <]
=412 Byun et al.(2004; 2007)2} Kim et al.(2013)2] SAIA =}
gol ZAste], 28 19 Wt A of 15m, 239 I
o e mel W s A7 oF 10mE AJaHint

e |- 34°483' N
Yellow Sea _
&
__Jange - 34°450' N
°
Haenam gun 7
: . A N
126°180' E 126210 E  126°240' E

Fig. 3. Section for estimation of mass budgets in the vicinity of
Mokpo harbor. (DWTP 1: the Namhae domestic wastewater
treatment plant; DWTP 2: the North Harbor domestic

Youngsan lake; F.2:

Youngam lake; F.3: Samhyang stream; F.4: Ib-am stream;

F.5: Dongmyeong drain; F.6: Hae-an-ro drain; F.7: Juk-kyo

stream; F.8: Sanjeong agricultural industrial complex drain;

wastewater treatment plant; F.1:

F.9: Daebul industrial complex drain).

222 8 #X M2 T 72 XE

T2, A2 dAFol A CTD(Seabird911)E o] &3t 7+ 4
AEE RFA ASH7HA A4 wgo s FA o]
W AE S Skl smool 3l A, 259 AT
EE X%, 55, A% 522 #7358 A&gsto Ars o
o, A 5 BA4d wet el A dA s =g
ojofol & WYEate] MR telgint 53] A5 A4S,
| A AR ANEE 1 AdoR FA] dHET 7
g AIZE ool Winkler 47 H 0.2 AFsint. A3 A oA
=l B 7St 1~ 9), HEA R (e 8w
&, HEAAEL), FrE(QisE, d9s5-v93) FolA
Agk Aol e, s FEHE TG AIR 71 (MLTM, 2006) W
o w&}, Chlorophyll-a (] Chl-a), % % (suspended solids,
o] % S9), YEFHS 4 BA T drse] wREFS ¢
TEo]E=FAL FAa AP eh(Youngsangang  Project  Office,

KRC, 2008).2. 2 F-E] 2} & (Personal communication)s |3 3%k



CE TR R 2 R

o 523 3 89S 9k F Z(semidiurnal tide)oll 2] 3 %
B4 2/7F $AS L, 237 4mell o] 2 tizAa B o
24 g x7)dA 2% 2 BE Az fx7] 2 by
v 71zl A 7Y o]l HE aEste o] Vs AF
A ek 4ol diget s 3E F Atke
7E e A, ZAMYRFE FHd] 1099Y A7EA ] AA UFE
A s AHESTh BEAA FEE shge] s
£F JUdF FEE Lee2000)2] AREE Q8313
BABIAY A4e 25 F JFFel dsiA, & T

A4 Q1(POs-P)

7] # A (dissolved inorganic nitrogen,

Ql(dissolved inorganic phosphorus, ©]§ DIP)> <

o7 Jagdon &
3 DIN)E= NH,-N, NO;-N, NO,-N¢| =% A= 319t}

Q=
‘_T

o]

o8 B HExg F S47)d ¥4 J DIP, DIN 59 93
FH FEH(YS 23 Q) AFTEQ) A2 FY F
o] gtoll i3t 2+ 591 F-sheke] o) uj=A offo] A&
o] g3fo] AAtaldt.
Y, X Q, +Y;xQ
Yo = — @®)

Q + @

(Y : Concentration of nutrients in each stream,

Ya : Concentration of nutrients in each artificial lake)

Sylaios et al.(2005)2] ol wEW, 7 FAILZHE 79
ol d Hete] & 79 ddo R wKavala Gulf, Northern
Greece)2] %o TolA DIN®| 8 FHE|(75~85%)%] NO; N
FLgko] 719

S Z7Hr* = 0.60; P = 0.004; n = 12)3}t}.
e B ek B

2 SuEF 2pge] dis] 53X 7]23dl(Mokpo
Meteorological Observatory, 2008)2] 7]% t|o]E] FoA] &4
A A dFAe] 71 ARGHTE, %
ok ANkl o] &akainh. st S w
d 4= ©A 8 (fresh groundwater)= GAH-AA 7
A F o] A5t FEFFo] 7 s E S (Sector I:
42 k2, I0: 32 k2, T0: 24 kn?) W 7<= day™) ThH] 1.10 %z}
= 3715 (MST, 2007)9] AL AHE 28t F435}

c/)i;]_ f‘s_]__l‘ij ogz\]—ﬁ— Xli\oﬂ(ok 3427}{1112) 1H Ex] o]ﬁ_ _9_1:

oA A3 S (acquifer)S 2= A 5] o F
H FEgE A B e AAAF 2% W sAE
T8 A (well) A 3F=(Lee and Ahn, 2000), ZL2] 3L 3} F
W] Sl BLEFRE AL EHE Adt sollA 742 &+
23l ZHA| S B AE(GIMS, 2009)2] AUdd AEE H
ekl gA sk Fd R &sldlth HAERREHY 9
G FHEFS 7 A A7IE AS &F S (benthic nutrient

fluxes by Fick's law: MLTM, 2009) Z} A3 w48 F

sel g ateint.

g .4d54 - H8d -y
2.2.3 GYHo| cfsr & X

DIN, DIP Z}Z}e] &% (mmole m3)°] 5 ¢ FFH(V in md)
S 78 JFA 9 5 H(flux, load)S AAFS} vl HEA
49 &F 79T Y FAAY)E UYERE ARk
tha 3 o] xdHrt

dy
V— = V) 2influxes - V2 effluxes + V3 * YV O]
dy

87 el ell A, Vo— =0 o|m &,

AY = - {V,2influxes - V2 effluxes} (10)
AYE dggel s+ Wl FFolA & FH(net internal
source, supply, or enrichment)] A1} <= A A (net internal sink, or

depletion)¥] = ¥ UERATE AYel] #ofst= AJA| 3)8hH4
Hk-S-oll = 3A (primary production: PP), Ad2](grazing), ¥4
(predation), A} (mortality), +=3l (decomposmon) 3 S (respiration),
% 4 (deposition), A5} EHHE BAE &3 &Z(release)
28 o] g Ho] Qr

2.3 MEjA = MMZH(net ecosystem production: NEP) =&

e Al &= AAFF(NEP: net ecosystem production)< NEM (net
ecosystem metabolism) 0. %2 FA|5}7| = 5, AAFEH(p: production)
3} &5 respiration)®] Aol ZA UERT =, o
Al F ADIP flux7t YA 71 E@POM)S] A4k} Av]e H]

ggtrh= 7H shell, the3 2ol AEiAe] & BatE el
NEP)S Al4tatSlt.
NEP = [p - 7
N\ DIP
= - (C/P ratio) x 11
A
stoll A FEAQ 712 AAAE AEEFAECA
7174311, Redfield ratio C : P = 106 : 1°] H T} AE 434 <]
FRA(m)oleh ArkeE NEPO] fto] (+) F-Eolw a2
Bl ok At AS S Co, B 7] FYEE &
H 8= 539 Y JEl(autotrophic status)E YERU AL, R 2
() FEod &5& F3 Co, E FUGYES A e
%49 % 24 Ell (heterotrophic status) = FEH3HT},
3.4 =t
3.1 SEE FH sty U Hetdo 4
Eaxgk 9 9] A A dis) 7 AE B A3
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¥ F9 7o) Fd +7
Table 1. Water qualities in the vicinity of Mokpo harbor
Date™ Section™™ Water temp. Sal.  Chl-a DO SS DIP DIN NH,-N NO;-N NO,-N
C psu ug g~ mg g~ pmol £~

Sector | 16.9 32.0 3.7 10.3 6.7 0.37 12.51 4.33 7.34 0.84
Sector 11 17.0 32.7 1.8 10.8 12.8 0.33 3.99 0.92 2.81 0.25

May, 2008
Sector III 17.8 32.2 1.9 9.6 22.7 0.37 7.24 1.35 5.52 0.37
Offshore 16.7 329 1.5 9.6 13.7 0.44 8.50 1.12 6.89 0.49
Sector [ 254 31.3 7.9 9.1 16.2 1.01 6.58 2.62 3.45 0.51
Sep., 2008 Sector I 25.0 31.1 7.7 8.7 19.7 0.35 4.64 1.64 2.26 0.74
’ Sector III 25.6 31.3 2.4 7.7 38.6 0.70 7.70 3.68 3.26 0.76
Offshore 24.8 31.6 2.3 8.3 39.4 0.42 6.60 1.50 3.78 1.32
Sector [ 13.7 32.0 1.4 9.6 7.4 0.88 14.92 3.00 11.04 0.89
Sector I 13.7 32.3 1.0 10.1 5.6 0.68 12.42 1.11 10.57 0.73

Nov., 2008
Sector III 13.4 32.3 0.8 9.8 15.3 0.69 11.75 0.95 10.12 0.68
Offshore 14.0 32.7 0.8 9.8 23.4 0.63 10.66 0.63 9.83 0.20
Estuary Surface layer 24.0 28.5 19.9 13.6 28.1 0.34 11.64 0.39 10.04 1.21
Jul., 2008 Deep layer 22.2 30.8 9.9 9.8 29.0 0.62 12.11 1.50 9.27 1.34
Offshore Surface layer 23.0 31.3 8.0 11.3 29.8 0.36 1.36 0.19 0.98 0.19
Deep layer 21.8 31.8 9.4 9.8 35.9 0.35 5.76 0.64 4.66 0.46

* The data of May, September, and November are mean values on the whole layer of between surface and bottom depth, while on July, the data of
surface layer are mean values investigated from the water depth from Om to ca. Sm, and deep layer data are mean values below ca. 5Sm.
** Sector I: St. 1~3; Sector II: St. 4~5; Sector III: St. 6~8; Offshore: St. 9~10; Estuary: St. 1~8.
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Table 2. Discharges of freshwater from artificial lakes in the
vicinity of Mokpo harbor

Young-san lake Young-am and Geum-ho lakes

Sampling Discharge Discharge . Discharge
date date volugne Discharge date volur;ne
( x10° ) ( x 10° m)
2008.05.26 2008.05.20 18,572 2008.05.17 6,657
~21 ~19
2008.07.16  2008.07.15 7,451 2008.07.06 5,100
2008.09.20  2008.09 - 2008'03' }S 34,139
2008.11.26  2008.11 - 2008.11.17 12,890

* ** Hyphens mean that freshwater was not discharged from each

artificial lake for about 10 days before the sampling date.

599 A, @ A 59 A GAsAA WRE B o
o2 239 MY AF A oF 19030t} vhA 6
A dds-a559 g5 WHIF o] Tzl &Y mellA
AT A oF 3d = ALEAT. o]et & Apol= T
W RS A7) Zpolel] oA ke W FoE AR
"ot A R oA GAsF des-mesEY of
274 o] Wkt mdk A% ALY F TR A7)l '
7F ARgozM, st asl)olAe AT Aol #
obRaL, whje] A f-ell= A F Alzke] Zdojxith. 99} 1€
ol EAFHoR 439 194 FiEe HR7F A" Al
712, AF A7 42 oF 1091 oo 7 YERY, e A
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Fig. 4. Water and salt budgets (x 10° g day™) in 2008. Each sign
for loads means the direction of flow: Negative signs

mean outputs from each water column in the system.

)
=
ol
e

r (

w2
O, ofy

:;;
[®))
e

w (o rr &

u
>
=
R
)

m&rlrw_t_%r;_ﬂazkam

)

3.3 3¥Y +X
3.3.1 & F7|2((DIP) X

(11.69 x 10° mmole day™"), A3 M| E3H(8.57 x 10° mmole
day™), H 32 235236 x 10° mmole day™?) So]om, Qi
% & ol 21.28 x 10° mmole day'o] & A (-AY)E =

Aoz wotEthFig. 5). 3H, 2dY N(EYz-F3s
skl A = A8 mTe £ AAHS T FYF
=

(16.13 x 10° mmole day )] 7F3 @okar, 59 w9 a1z
7 B FEdFs Uit 4959535 st Y

= 1598 x 10° mmole day'©] £ AACA)E AT M 9=
of Y 2 mAlAE 98 o2 E 13.26 % 10° mmole

day '] DIP7F 953 Qlol, (53] JabE shrehg
B9 DIP ekl FFHE FALS e
odel FuENME 2 AA 10902 B BE PF)
2121 Ch(Table 2). 1A% B33 &d 19]4 DIPY)
9% 3 a3}

IR
3 Lo
oo
o O Ml
e = off wo AN

HALL, A 1o A§ Fak 5.09 x 10°
mmole day '] = AACAY)EATE 3G T B, I
TFEaEN A 2AY 5 A7HH 5Y AL S WL
o] Folxth 1ot S4371Q1 F-51E(0.88 x 10° mmole day™):.
U 48 Mo 25E FYE DIP f5 %(25.27 x 10° mmole

day o] 28uj o] wWkth g FrFel 913 Aae m
o] ol X DIP H-3 T 3H9J(A 214.38 x 10° mmole
day™) EIE HEFR

11490l Fasol s A 2Ad doll(10oY F2h) T
F7F o] F oA A gkt o] A7 = =
2 wRcdslstarA el et 23S §3 DIP ek

oft
-9
ol

el

- 714 -



LT F = =
= 1= o]' T % °
(V3 DIPrs =0
VerDIPr1=0
VayDIPe3=0
VqaDIPos+VoyDIPost VrcaDIPrc s Vo DIPp1=0
=020+0.25+0001
=048 4 Vo1 DIPgi+ Vo DIPPoi+Vec 1 DIPrcy
Ve3DIPr3 VerDlfss - 134 =8.05+3.64+0.004
=-174 DIPsys3 = 0.327 TR DIPgyst-1 =0.366  |=11.69
(mmole m™) (mmole m™)
ViaDIPxs
= 15.00 ADIP =0.72 Vy1DIPx =8.57 ADIP =-2128
L PR
May P (=g
Surface area * DIPgqnhic3=0.02 Surface area - DIPBenttic1=2.36
Vxa2DIPx2
=16.13 Vr2'DIPr2=-0.34
1 _Tv,,:-lm’m =0
DIPsyst-2 = 0.366
(mmole m™) || Vo2 DIPe2=0
Vo2 DIPgz-Vo:DIPos+ Vrc 2 DIPrc2
ADIP = - 15.98 =0.16+0+0.003

=016

=
i

Surface area * DIPgenuic2=0.02

Vi3 DIPe3 =0
VeDIPeg =0
V3 DIPe3=0
Vo3 DIPqa+ Vo3 DIPos+ Vic3-DIPrc 3

Ve DIPp1=0
=1.76-0.25+0.01

=02
I3 Vq.'DIPgu+Vo.rDIPo1+ Vec1 DIPrc1
Ve3DIPr3 . _ =L11+3.64+0.01
S0 DIPysr3=0.696 | VrDPea= 016\ prpo,,=1.011  |2476
» & R —
(mmole m™) (mmole m™)
Vx3DIPyy
=-20187 ADIP=21438 | Yx1DPFxi= 1185 ADIP = 5.09
—
S -
Sep. s T
VyaDIPss Surface area * DIPgengz3=010 Surface area * DIPgenic1= 215
=2527
Vr:DIPR2=-2.65
2
— _Tvm-nn’u =0
DIPys2 = 0.351
(mmole m™) ‘J"Prz'l’ﬂ’m =0
Vo2 DIPQ2+ Voo DIPos+ Vec2 DIPrc:
ADIP =-23.52 =0.87+0.00+0.01
Surface area - DIPgenthic2=0.02
Wi DIPE3 =0
Ve'DIPg; =0
Vp3DIPr3=0
Vo3 DIPqu+ Vo DIPos+ Vec s DIPrc s Vo1 DIPp1=0
=117-0.04+0.002
=121 [} Vo' DIPg1+Vo.rDIPo1+ Vec 1 DIPrc1
Vr3DIPr3 Ve DIPr =- 021 =2.80+4.32+0.003
=-126 DIPgys: 3 = 0.685 MRS DIPgse1 = 0877 |=712
» & S —
(mmole m™) (mmole m™)
Vy3'DIPy 3|
=-7.55 ADIP = -3.32 Vx1-DIPxi=- 327 ADIP =-3.79
—
e —
Nov. P (g
Surface area ' DIPg 3= 0.14 Surface area * DIPgengie1 =015
xaDPsz| -
=641 Vg2 DIPg2=- 0.99

= —l;_T\*m-nm: =0

DIPys2 = 0.678

(mmole m) 'J\’m-m]’m =0
Vo2 DIPga+ Vo.rDIPos+ Vec 2 DIPrc:
ADIP=7.03 =025+0.00+0.002
.25

Surface area - DIPgeyie2=0.02

T Vp ' DIP5=0
Vg + DIPE =0
|
— Vq'DIPy =6.64
Viut * DIPsyet s . Vo:DIPy =0.12
= (VR —Veerp) - DIP it DIP,; =0.340 mmol
N (\;5 at o) ek s Vg * DIPgg = 0.0009
3 ADIP =-31.18 =
*
Jul. Vz + (DIPgyys — DIPyys) Viesp * DIPyyng
--831 =-41.30
Viesp * DIPocng
L DIP,yy.4 = 0.621 mmol m*
. ADIP  =25.78
DIPgyeq 4 = 0.353 mmol m™

A - DIPguq=0.33

Fig. 5. DIP (dissolved inorganic phosphorus) budget (x 10°
mmole day™') in 2008. Each sign for loads means the
direction of flow. Negative signs of delta (A) mean the
degree of removal, sink, or deficiency from each water

column in the system.
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Fig. 6. DIN (dissolved inorganic nitrogen) budget (x 10°® mmole
day™") in 2008. Each sign for loads means the direction
of flow. Negative signs of delta (A) mean the degree of
removal, sink, or deficiency from each water column in

the system.
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Table 3. Net ecosystem production (NEP) in the vicinity of

Mokpo harbor in 2008.
Unit: g C m? * day™'

Net ecosystem production

Non stratification Stratification
Section  May  Sep. Now. Layer Jul.
Sector [ 1.80 -0.43 0.32  Surface 0.72
Sector 1I 1.02 1.50 - 045
Deep - 0.60

- 0.05 - 13.64 0.21

* Net ecosystem production (NEP) is calculated as the difference of
production and respiration (p - r).
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Table 4. Variation of nutrient budgets in each sub-region of the vicinity of Mokpo harbor
Unit: x 10° mmole day™
DIP budget DIN budget
Month Mass balance Sector [ Sector [T Sector [II Mass balance Sector I Sector [T Sector III
>Inputs 22.62 16.32 17.16 2Inputs 503.2 731.1 859.9
May  >Outputs 1.34 0.34 17.88 >.Outputs 518.6 5.6 696.7
Budget (%) v94.1 v97.9 N42 Budget (%) A3l v99.2 v19.0
>Inputs 691 26.17 16.76 2Inputs 111.9 909.7 124.3
Sep. >.Outputs 12.00 2.65 231.14 >.Outputs 1.4 38.6 1,582.3
Budget (%) AT3.7 v89.9 A1,279.2  Budget (%) v98.7 v95.8 A1,172.6
>Inputs 7.27 0.27 12.13 2Inputs 170.0 29.1 374.1
Nov.  >Outputs 348 7.30 8.81 >.Outputs 59.2 234.4 163.4
Budget (%) v52.2 A2,590.4 v27.4 Budget (%) v65.2 A706.3 v56.3
Month Mass balance DIP budget Mass balance DIN budget
Surface layer Deep layer Surface layer Deep layer
Tul. 2Inputs 57.61 24.75 2Inputs 1,724.8 437.3
>.Outputs 25.82 50.86 >.Outputs 884.8 840.8
Budget (%) v55.3 A108.2 Budget (%) v49.4 A102.3

A(%) indicates positive (+) sign meaning supply, or excess into the system, whereas V(%) indicates negative (-) sign meaning

removal, or sink from the system.
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