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Abstract

Nitrogen budgets in Sihwa-ho in 2010 were estimated using a mass balance approach. Major nitrogen fluxes sources can be
divided into three sections: cities, agricultural area, and forest. Surplus nitrogen 2,030~2,214 ton/yr (2,123 ton/yr in average) was
discharged to Sihwa Lake. 20% of the surplus nitrogen is removed from the wetland and 60% is removed tidal flats. Therefore net
nitrogen discharge from Sihwa basin is estimated to be 650~708 ton/yr (679 ton/yr in average). Wet and dry nitrogen deposition
and load from non-point sources ware estimated to be 97 ton/yr and 69 ton/yr, deposition is using CAMx model. So estimated total
nitrogen discharge into Sihwa-ho was 817 ~875 ton/yr (846 ton/yr in average). The atmospheric load explains 11.1~11.9%
(11.5% in average) of the total nitrogen load Sihwa-ho.
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Fig. 1. The study area.

Table 1. Control parameters for WRF and CAMx

Model WRF CAMx
NX,NY,NZ 112,97, 28 97,90, 12
Size of Grid 51 km 51 km
Central Latitude 40°N 40°N
Central Longitude 113°E 113°E
Map projection Lambert-conformal Conic Projection
Simulation interval 60 min 60 min
Period of the model 2010.01. 01 ~2010. 12. 31

Fig. 2. Domain for WRF and CAMx modeling.
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Table 2. Composition of nitrogen input and output in this study

Major item Nitrogen input list Nitrogen output list
Fertilizer Upta?kc? . .
Denitrification(rice-paddy)
Feedstuff . .
o Denitrification(field)
Fixation(rice-paddy) .
. . Leaching
Agriculture Fixation(field)
. Compost
Irragation e
Volatilization(compost)
Compost .
Deposition Meat processing
P Non-point outflow
Deposition Uptake
Forest Fixation Denitrification
Leaching
Sewage treatment volatilization
Cit Food volatilization
Y Deposition Land & Sea disposal
Nonpoint outflow
#70 gh Be] giek ol L AL AT A 9o A olsiol o) Halald e w
sto] A AAIH R 7k ete] A 23S ofsfsls B WAS ugo Aol Ak WEos Ay
H] S24Ago] wol ARE-E]aL ¢ltiBashkin et al., & dAagko 2 ARSIl

2002; Boyer et al., 2002; Cai et al., 2002; Xing et al.,
2002; Ortiz-zayas, 2006; Parfitt, 2006). & &1 Lo]| A] 3, Znt U E9|
= APAAA QL EAA G 5EA o, A0
2 FEste] BASAM O WAl 95 QS A
ke,
231 24 RY A RE ME
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o] §9) % HEY APY L Table.20] AA5HATE
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oq;Lcwaou Q1= £ 972,414 = QHARA]}
753,862, AIEA]7} 158,958, BHAJAI7} 59,594
O gMAe] AR} HhHOE Rtk
2:2-50,281 ha @ o] % ¢loFx]¢Jo] 20,098 ha & 40%,
35 24K 0] 14,137 hai 28% 12|31 EAX| <o)
16,046 ha & 32%= LFEPTH Table 3).
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Table 3. Survey of study area(2010year)

Major item An-san Si-heung Hwa-seong Total
Population(people) 753,862 158,958 59,594 972,414
Forest(ha) 6,384 4,350 9,364 20,098
Rice-paddy 1,185 1,935 2,801 5,921
Agriculture Field 1,325 1,795 4,735 7,855
(ha) Farm 43 161 157 361
Sum 2,553 3,891 7,693 14,137
City(ha) 5,975 5,262 4,809 16,046
Total Sum(ha) 14,912 13,503 21,866 50,281

* Data : An-san, Si-heung, Hwa-seong Statistics annual report, 2011
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Table 4. Nitrogen deposition flux(2010 year)
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Month Deposition(kg/ha/yr) Precipitation
Dry Wet Sum (mm)
1 0.62 0.50 1.13 24
2 0.69 0.53 1.22 51
3 0.85 0.70 1.55 77
4 0.70 0.77 1.47 57
5 0.61 0.83 1.44 119
6 0.60 0.92 1.53 131
7 0.59 0.96 1.55 235
8 0.40 1.28 1.68 584
9 0.37 1.33 1.70 661
10 0.78 0.65 1.44 31
11 0.66 0.59 1.25 13
12 0.71 0.58 1.29 18
Sum 7.58 9.66 17.24 2,001
3.2, SX|ZEAS al., 2007; Ohara et al., 2007). TJF-5 1990 $Htof
321, HA HEY X 200040e] o] 7l Hxate] Hazaet
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Fig. 3. Wet and dry deposition flux correlation with rain-fall.
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Table 5. Deposition flux of nitrogen followed by results from other countries

Region and property

Nitrogen Deposition

Reference

Denmark Land

Denmark Kattegate Sea

S, Nevada, USA (very polluted)

S, Nevada, USA (moderately polluted)
Tahoe lake, USA

California mixed conifer (arounded with industrial region)
South pennines, U.K (industrial region)
Wyoming, USA (foreast, snow area)
Cape Cod

Barnegat Bay

Connecticut, Urban coastal

Connecticut, Rural coastal

17
9
20~30
5~10
1~7
5~45
18~30

10~25

15~26
8~15

Willem and Asman, 2001
Willem and Asman, 2001
Tarnay et al., 2001
Tarnay et al., 2001
Tarnay et al., 2001
Takemoto et al., 2001
Evans et al., 2000
Zeller et al., 2000
Brown and Valiela, 2001
Gao, 2002

Luoa et al., 2003

Luoa et al., 2003

* Unit : kg/ha/yr
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Table 6. 2010 seasonal comparison of WRF-CAMx and observation data

Deposition(kg/ha)
Month -
2010 WRF-CAMx 2010 Observation
Spring 4.46 8.80
Summer 4.76 14.30
Autumn 4.39 6.00
Winter 3.64 7.50
Sum 17.25 36.60
0 8
= WRF-CAMx 2010 Observation
s 3
2 5
k] § . - -
g z
3 3
£ £ .
g5
o
o 4 o 5 10 15

Spring Summer Autunt Winter

2010 Observation deposition(kg/ha)

Fig. 4. Correlation between 2010 WRF-CAMx and 2010 observation.
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Table 7. Compared with 2010 WRF-CAMXx and observation results from 2006 to 2007

Deposition(kg/ha/month)

Month WRF-CAMx Ansan-deaboo Ansan-banwol Hwasung
2010 2006 2007 2006 2007 2006 2007
Observation Observation Observation Observation Observation Observation
1 1.13 1.40 0.36 0.84 0.44 0.71 0.75
2 1.22 0.03 0.55 1.54 0.64 1.03 0.73
3 1.55 1.66 1.33 1.36 1.27 1.13 1.62
4 1.47 1.07 1.59 1.38 1.27 1.27 1.33
5 1.44 2.28 1.47 2.07 1.44 1.27 1.16
6 1.53 1.46 3.76 1.23 3.57 0.77 4.19
7 1.55 1.01 327 3.14 1.24 3.96 2.17
8 1.68 1.18 1.34 0.11 1.21 1.25 1.60
9 1.70 0.93 1.27 0.25 1.67 1.33 2.28
10 1.44 0.96 - 0.72 - 1.41 -
11 1.25 0.94 - 1.49 - 1.67 -
12 1.29 0.56 - 0.62 - 1.36 -
Sum 17.24 13.47 14.95 14.73 12.74 17.14 15.83

BjoFrattol A = Ak QRAA] T} vt
4 T1E)a1 el A] 20061 1€HE] 20079 9L7HA]
o] ZARA A L AvkE AAIBHL Qo] F3] AkR
9} H| W&}t Table 7, Fig. 5.). 2006 0] thi= 2
Hof|, vhe-2 8ol FAIRE AL =34 =|A] ¢kgk
i, 5 = AR AT e thE RA]Y]
o Aolgt Aughke Kol fig. S.ol= AlQlskaich
2010 WRF-CAMx A7} 2006~2007d Zil= %
ARAZ) 7} Zdolate] A3 AQ1 Blals o PX|uh, A
A2EFe] I F72 2006 SHIA| 2AFETRR} 1
AlSFGATE ZNER 02 AlMA Ak fARE REE
HA o, A7t 7F6he 6~79oll= WRE-CAMx
At o R e 7hs B ok

7). A2 99
Ak FYPEL APALHE A, EFIA

AT, WG W WA, 7 ] T

AR ALY Aasp 7NALR AGFOR 59

=

QIFH|RE Q15 A4 §QlERS 2,082 ton O 2 1t
E}lttH Ansan, Haseong, Si-heung, 2011). =oj|4 &
A0S 25~45 kg/ha/yr(Takeda et al., 1991;
Yuyama et al., 2003; Ortiz-zayas et al., 2006) = T}
3 Aqn} SEEen, B AToNE F S
R Algsle], 7F & 148~266 ton/yr(B 207
ton/yr) &2 ARESIGITE oA FLuHFES 15
kg/ha/yr(Choi, 2004)= A7t Z 118 ton/yr2 A3}
At IW-84(Irrigation water)= Yun et al.(2008)
o] AAIgE 24.25 kg/halyrs ARE-SHe], A7F F 144
ton/yr 2. F 45T, E FA oA 7} Ee X
2] & A EH|o] FEj2 QAL E= HawhS
1,052 ton/yr= A3}t

370 Al9] SAIA R WEH SAbglof A ARg-Sh=
AR 2] AH|ZRE- 396,545 ton/yro|3low, AlRY|
22 Rl 15%0]™, T f Aagheks a1
sto] Abm =z Qlsto] AR = FelE 4= 9,517
ton/yr= AF=31Sch

F - SAR ) 7|2 RE AR Aawe 243

s



186 A - olaA - At - HAE - 924 - o1

a) 2006 Observation
* £ WRF-CAMx B Deboo observation
W Banwol ob i [ ] i
z
2
5
g
=
e
:;n 2
-
o

¢) Deboo Observation

WRF-CAME depasition(g/hajyr)
0,0
o
¢ o
o
a
WRF-CAM» depasition(g/hajyr)
4

d) Banwol Observation

b) 2007 Observation
¢ I WRF-CAMx H Deboo observation
m Banwol ob i [
z
-
5
:
]
H
E 2
2
0

Month

c) Hwasung Observation

0+
: N . 8 T

WRF-CAME depasition{kg/hafyr)
o8
g
q
o

WHRF-CAMx depositionlkg/hayr)
b

2006 Dbservation deposition| kg ha/yr|

WRF-CAM» depasition(g/hajyr)
X %
x
x;
x
x

T

2006 Dbservation deposition| kg ha/yr|

X%

WRF CAMs deposition]kg,hafyr|
e
o
¥
%

007 Observation depasitionfig/ha/yr}

2007 Ctervation depenitionlig/hajyr)

2007 Obsarvation depositionkgayr]

Fig. 5. Correlation between 2010 WRF-CAMx and 2006 ~2007 observation.

ton/yr2 UEgdth 2EHog = 2ax]odor &
Q1 40| F ok 917k 13,304~13,423 ton/yr(H
13,364 ton/yr) 2 43}t

Al 7 2 2A] "i712 2 < s Al
] o2 AEE ) A VR el &

AJeh, 2 At A= A AlHRFel 61.7%RE 522
o] B4sle A0 ZASYTHLim et al., 2007). T}
B BB 92% AT 1285 ton/yr AF
Z3514 HTable 5).

EofollA Aol ZARE =oi= 30~70
kg/ha/yr, Wol| A= 30 kg/ha/yr2 ZAFE]QIcHYun et
al,, 2008). wehA oA 178~414 ton/yr(B
296 ton/yr), B A= 236 ton/yr7t GEE= Aow
etk

% ZAGe) IR, 1N B
A0 & AFE A 2 1.6%(Kim et al., 2004)9}
3.3%(Roh et al., 2005)7} |3}z G2E= Ao
Upehe. olell sk G5 GRS Sa-111 toniyr
(B4t 83 ton/yr) = YERGTH
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Table 8. Nitrogen input and output in agricultural area

187

Major item TOtzloj/r;(;um Perzoe/?)tage Input & out of nitrojen budget
Input 13,304 ~13,423(13,364)
Nitrogen Fertilizer 2,082 15.5~15.6(15.6) Statistics annual report, 2011
Fixation(rice paddy) 148 ~266(207) 1.1~2.0(1.6)  25~45 kg/ha/yr x 5921 ha x 107
Fixation(farm) 118 0.9~0.9(0.9) 15 kg/ha/yr x 7,855 ha x 107
Irragation 144 1.1~1.1(1.1) 243 kg/hal/yr x 5,921 ha x 103
Compost 1,052 7.8~7.9(7.9) 1,087 ton/yr x 0.97 x 0.6
Deposition 243 1.9~1.9(1.9)  17.24 kg/ha/yr x 14,137 ha x 107
Feedstuff 9,517 70.9~71.5(71.2) 396,545 ton/yr x 0.15 x 0.16
Output 11,269 ~11,563(11,416)
Uptake 1,285 11.1~11.4(11.3) 2,082 ton/yr x 0.617
Denitrification(rice paddy) 178 ~414(296) 1.6~3.6(2.6) 30~70 kg/halyr x 5,921 ha x 107
Denitrification(farm) 236 2.0~2.1(2.1) 30 kg/ha/yr x 7,855 ha x 107
Leaching 46~95(71) 0.5~1.000.7)  (1.6~3.3 kg/ha/yr) x (2,878 ton/yr) x 107
Volatilization(compost) 706 6.1~6.3(6.2) 1,807 ton/yr x 0.976 x 0.4
Compost 1,052 9.1~9.3(9.2) 1,807 ton/yr x 0.97 x 0.6
Meat processing 7,716 68.6~70.4(69.5) (9,517 - 706 - 1,058 - 43) ton/yr
Nonpoint outflow 43 0.4~0.4(0.4) 1,807 ton/yr x 0.024

Input - output

1,860 ~2,035(1,948)

FH90R U 2
uhs)

wlo] Eu], B - oY
A 40%= LAE

(N20)= =43} &of tf7]=
= HaE AL A=

2 AFA oA ARSSh= 4T =
Table 63} Zto] A7t &

12 5%

1,807 ton/yrz ArEE|QJch
EAFs7Hs ZAbl 2 Al Ado] o) tsE o] glo] &=

ton/yr= H]’@rio\:dr%gi =4 e

sz,aa_u}.

Hrl 7}Z0] Bz O 21715 1,764 ton/yr2 ZA4Fs 7] SAbular A2 A) A4

AR 2 AL, xmﬂr ol A AFS} 27 F-ofl 706 ton/yr= th7| = S =,

s ZHstes ombshEa B - HH|SHE 1,052 ton/yr Aol AAZE T 7}

FEE £ HiE S AP E JFAISHA] ¢k, A1aLekA] ok 57t

Ao R fEEI0h A Eﬁ%}‘ﬂ ojHtt o g o g At SAks
539 EiAwRS 7b AA SAtES Hal e XV‘HXI &

52 Ax'

ARE710] 97.6%7F B e A AS ZkaT gl Ao 2 AA7.710 ton/yr—% ZE 7@9._% s Ao
2 AAET B 7R 3 B R 2 B SAKeeH fEE F Qage
Table 9. Nitrogen amount from livestock-manure
Major item An-san Si-heung Hwa-seong Sum Emission Amount
(head) (head) (head) (head) (kg/head/yr) (ton/yr)
Cattle 2,171 3,909 9,615 15,695 46.0 722
Pig 734 4,007 24,430 29,171 20.0 583
Chicken 2,445 41,944 792,251 836,640 0.6 502
SUM 1,807
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Atmosphere 1,052 2,082 176~414(2986)
(Con ) (Fertilizer)  (Denitrification-
148-266(207) (COMPOSt ricepaddy)
(Fixation-rice paddy) 1,285 A
237 (Uptake)
(Deposition) '
144 ! o 2?“ :
i i (Denitrification- :
(Irragation) v i H
4 i

| harcunue area |

54~111(83)
{Leaching)

Fig. 6. Input & output budget of nitrogen in agricultural area in 2010. —, nitrogen input; -

A7k 11,269~11,563 ton/yr(B++ 11,416 ton/yr) 2 L}
Eltti(Table 8, Fig. 6).
3.3.2, Uokx|H

HopA oA Ha 79 W FES Table 93}
Fig. 79 A 2Jst3ich

7h A §9)

Qoplle] A TR BB HoT At
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Table 10. Nitrogen input and output in forest area

—-

HARE - 4] - o]
Atmosphere
706
(volatilization)
1,052 A
9.517 (Compost) E
(Feedstuff) H 7,716
: (Meet)
Poa
............ E :

6 y
(Deposition) | ¢

Agriculture area

DO, > 43
(Nonpoint outflow)

>, nitrogen output.

Z 2 45k2 481 ton/yr 2 VrERITE

L A fE

opxledol A Ha fEFEE A ST
A3} Elof 7|2 3dE= oF T8 AEkeR §&
H o,

222 10 kg/ha(Ko and Kang, 2000)2 201

ton/yr2 AFZE|QlTE AEA|9] dopollA P4,
B 1e]3 EAEYO] WHL 19,759 hao|w, AH
o] gl FoJE 2| & 339 ha® UFERFTH Table 10).
AollA Mgt s 1e|a 2a o E7]9k 7t
x| o] AyAtol| QT AATLS A7 4.9 kg/halyr
(Sim et al., 2001)Z 97 ton/yro|H, A3}-2 &%
2 T2 6~11 ton/yr(B4 9 ton/yr) 2 LFERSITE ¢lok

Major item Tot(ir?/r;r(;unt Per((:;)l)tage Input & out of nitrojen budget
Input 481
Fixation 135 280 6.7 kg/ha/yr x 20,098 ha x 107
Deposition 346 720  17.24 kg/ha/yr x 20,098 ha x 107
Output 303~309(306)
Denitrification 201 65.0~66.3(65.6) 10 kg/ha/yr x 20,098 ha x 107
Uptake 97 313~31.9(31.6) 4.9 kg/halyr x 19,759 ha x 107
Leaching 6~11(9) 1.8~3.7(2.8) 474 ton/yr x (0.016~0.033)
Input - output 172~178(175)
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Table 11. The study area forest configuration
Major item An-san(ha) Si-heung(ha) Hwa-seong(ha) SUM(ha)
Conifer 2,116 790 4,357 7,263
Non-Conifer 1,868 1,631 3,320 6,819
Mixed 2,270 1,870 1,537 5,677
Forest land without trees 130 59 150 339
SUM(ha) 6,384 4,350 9,364 20,098
Atmosphere o Oﬂ /ﬁ /‘]'F\L:l]'o] SAEE A ’ﬂ_‘:ﬂ' Ao 3,642
ton/yri Upehdeh. th7l 2 mAR o Yae
A0] 92277 tonyr2, EAA GO R SUE A
135 A2FOo. 1)
(Fixation) 201 A7 4,581 ton/yr =2 LFEFT.

(Denitrification)
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Fig. 7. Input & output budget of nitrogen in forest area in
2010. —, nitrogen input; -, nitrogen output.
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Table 12. Nitrogen input and output in urban area

Major item Totgi);/r}rllr(;unt Per(;f/zl)tage Input & out of nitrojen budget
Input 4,581
Food 4,305 940 758 g/day x 972,414 x 365 x 0.16 x10°
Deposition 277 6.0 17.24 kg/ha/yr x 16,079 ha x 10?
Output 4,581
Volatilization 3,642 79.5 4,305 ton/yr x 0.9 x 0.94
Human uptake 430 94 4,305 ton/yr x 0.1
Sewage treatmeant Volatilization 236 5.1 277 ton/yr x 0.906 x 0.94
Land & Ocean disposal 247 5.4 2;73;)?[0;(7;{ ><0,8696 X>< 0(;)066)) +
Nonpoint outflow 26 0.6 277 ton/yr x 0.119
Input - output 0
Atmosphere 3.842 2 A3k YiEo=m A wiEE das 69 ton/yre
(Volatilization) el
430 247 A
uman sk (Candbomman dnrt | 3.4, QAR U Aol olst T A
{:’na:gl (vmaﬁEﬁ:mionJ i JARA AL X3}kT ol FLA 9} MRS A
vV FRR B SRR} R O3] B4 W Halect. <)

277 H
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RIS ST
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Fig. 8. Input & iutput budget of nitrogen in urban area in
2010. —, nitrogen input; -, nitrogen output.
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