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Nitrogen Budget of South Korea in 2008: Evaluation of
Non-point Source Pollution and N>O Emission
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Abstract : The main objective of this research was to estimate Nitrogen budget of South Korea in 2008. Input-output budgets for
nitrogen fluxes were categorized into three sections: cities, agricultural area, and forest. Chemical and biological fixation, dry and wet
deposition, imported food and feed were used as the nitrogen input. Crop uptake, volatilization, denitrification, leaching, runoff, and
forest consumption were used as the nitrogen outputs. Annual total nitrogen input was 1,294,155 ton/yr, and output was 632,228
ton/yr. Comparison with a previous research in 2005 indicates that nitrogen input was decreased by 1.9% due to the decrease in nitro-
gen fertilizer while nitrogen output was decreased by 6.3%. Non-point source (NPS) pollution was also estimated by mass balance
approach, which increased by 22% than the previous research in 2005. The emission of nitrous oxide (N,O) caused by denitrifi-
cation was newly examined in this research. About 8,289 ton/yr of N,O was released from agriculture area and domestic waste-
water treatment plant.

Key Words : Nitrogen, Nitrogen Budget, Nonpoint Source Pollution, Nitrous Oxide

Qe : 1 oA 71 Ee] Aa Ao Be ATE vlEo.R, Seliebe] 2008 Aol  RUT §EE AR B
W2 olgstol 2ASAT. Aa0) § - B EARISL, & - F4K 0], YopHlelo) ARHOE o] AESIYIT). Hae] F
9 fReR A, gEsky Aouy, A4 U $4 A Anne SUR ¢ 5ol Yor, faE FE AR H
o =2, 4, 2URE, "J%i“ ToE AAska O E skt dxt E -4 T TUFS 1,294,155 ton/er]UL T ®
S-S 632,228 ton/yrol Qi) A5 7]E£9] 20059 A4 $x]9F AT vl ® 24T 7.%?%, 2008 =0 & FdE A
£ 20050 AARY o) 19% AHE AL ZAHA. F 5 408 gL WauE AT 24, FE A, 244
T BO2 Atk Anfoln] F 58 AL 6.3% AU, Ao 2 Ao O a1 WA WA LG o S
A3, 2005z 0] AElE Ak Sxjekel] wlalA] 22% Zobek Ao% EAE T SARNE opalAs WEFS A

stRl=dl, sAA G sheA Aol A oF 8,289 ton/yro] I EE S

FHO A, AagA], vHed, OP*J:@V‘*

1.ME AFshs o Lo ik AT b AT S
of ufj-f- FipAolojA Ha FEEY QIFHI R ARgo] A
71 A2 T oF 80%E AAISHAL Qe Aae AAMEH A Z7vstg o, AE} w7 7holA A4 E NOxel 7+
A H7], &, B AE G4 A27AN), dEE < Ao W& aA kst A W dae
o] &(NH,"), = UYoKNH;), A4 HA(NOy), oA slo] 1980 o] uls] =LA Walstn Q= AA otk &
AANOY) 59 Fej& &ftsla Aok mgEe] 93 A @juele] A9, AAWAL OECD 7|%& 219]o] E5A] g
Ho] Hgks S daw AEol F83 FEdl wuldy AU B0 AHEES 139]8 Wjo o sZow BT
Siko] JROZ ®lstl, FFHORE AES BE FEY 9lom ¥ N,O HjZeke <90 thu] oF 7% AL HjEeo] =
S FAAZ= Holz ARREA Hr) o3t Hie 7\t 74 oz ZAEYLY olgst AAo BHAE F A5
sl-o] T} A AT % (Nitrogen fixation), 245 3H(Nitrogen 23le] 27 Ao SYE= ujF o g B ikt
assimilation), XU o}SH-3-(Ammonification), AAFSIE-S- AR Eo] 2AE 1 9o H) AR ML 7|29 o
(Nitrification), E-2AFs} W3 Denitrification) 0.2 424 Qlch 7 ZAAT AulE 235l0] Exjo]fo] T2 9 QEA uj
sl EAstE e A e vl AsS = SHolEdS S ol8st AAstae A =4
MAA FGoatet 22 #d09S 4oyl Fadde 2R B S B8l Aakslo] o]afe} 2A o] Tat A

2 ZgapA "k B3 Aaesagol A BAEE ot L 3] mju)gk Aotk
SPEMN0)= OAFEEA(CO2) ] 213 3HA]4=2] 310H] 9 Az &S AFss dyorl Iy 51H Fogn
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Table 1, Comparing of government research

2005 2008
ltem Korea National Ministry of Land, Korea National Ministry of Land,
Statistical Office fransport and Statistical Office fransport and
Maritime Affairs Maritime Affairs
Population 48,138,000 - 48,607,000 -
Rice paddy (ha) 1,104,800 1215,200 1,046,000 1,194,500
Farm (ha) 719,200 795,600 713,000 785,200
Forest (ha) 6,393,900 6,480,500 6,374,875 6,454,600
Territory (ha) - 9,964,616 - 9,982,778

3.1. &2 874 xtz I Esixtz

20083 9] f-2jupete] AAhpAE 93 F8
TAFY 9 7e Ry
. EHH SEHAS FASHL

Hl&S Aotz A o2 Yetyith(Table 1). $-2luyete] &
At Sdutrh QIGLFRAME AASte] Aot A=
20059 Hrof] glovy SAH ] A5 iﬂlol%u}fni 5
slo] odmd o2 ZAsle] KW, 20089 oS
48,607 g o] 20057 9] 48,138 o) u|3}e] ok 469z4u4

w787 9loko] W 4% = 71 ZAAET} AR Ao o] F7iet Aoz ettt olHe SAAEE S5t 4

3 Aoz zAETh TRk Y HEAARL 7} 7] AdAe 204, =4 2 59 E*ll@}Oﬂ o BAH
Wag7) o] vlA) wtEle} Qe ARTR S2E vx A A FAE AHE AS2 AyHw, A7es 2000
o) WA ANSE AAT Amoln, AR Ay 9 olFR s 5 AEALeR qlote] °'?‘“X‘E°1 =5

A8 Bsol gAY BRI EA R L s AeR A

AN et ARE AlFstal Atk ol A FATH FEAAY SRR, THERe 9 AR, SRR
Ag Fe Aol wiZol AEE HAS AR go|d 5 HapAo] dast v Au IH PHRAA A
qholl glom, et A feiAes ols Y3 g, FHPAAER, AYBER 5o ArE T H
4= 9= dhyo] A3 Efojof 3 Aolrk B oA K} 5ho] 2008 A ;q Aol AbastT 1 9 Ay, T
et A2PAE flsto] AAl ARG WAL 2R Abg, BAE 59 ARE B30 Bud 22 E HIsho
Ao WAEE= FAFY ARE ARSI Bt 2 SRS ARG 2 Aol o] gH Aas
<2 uteto] 2008 FEHZL 9,982,778 haolw, 2005 2| QIAZEL Table 29} 7t}

of vlste] M AFY o= Qlste] oF 18,000 ha7} S7ket 2

O FAMEQITE 20089 A o] 83} F, =7 W] F 3.2. AlA 29|

A= 1,046,000 ha®} 713,000 ha2 HA| FEHZ Q] 17.6% w2 Ao osto] 9QlEL A Al uEol AR T
2 2ALE 9o, Yok 6,374,875 haZ 63.8%2] 7HY 2 o AESE Aa A Tea oy] 2o sHE o

Table 2. Input of nitrogen considered for nitrogen application rate

[tem Application rate Reference
Paddy field fixation 35 kg/ha/yr Yun (2008)
Upland fixation 15 kg/ha/yr Bashkin et al (2002)

Forest fixation 6.7 kg/hafyr

11 kg/ha/yr

Bashkin et al (2002)

Agricultural deposition Park (2001), Lee (2000)

Forest deposition 17 kg/ha/yr Shim and Park (2001)
Irrigation flow rate 24 kg/ha/yr Yun (2008)
Denitrification of Paddy field 30~70 kg/ha/yr Kim et al (2004)
Denitrification of Upland 30 kg/ha/yr Kim et al (2004)
Denitrification of Forest 5 kg/ha/yr Yun (2008)
Forest absorption 4 9 kg/ha/yr Song et al (2004)
Protein in feed 15% Yun (2008)
Nitrogen in protein 16% Yun (2008)
Livestock manure of waste 27 6% Yun (2008)
Uptake 61.7% Kim et al (2004)
Volatilization of agricultural 16.5% Kim et al (2004)
Leaching 2.45% Korea Coast Guard (2008) white paper
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Table 3, Nitrogen input from atmospheric deposition and biological fixation

Application rate Total input
Item Area (ha) (kg/ha/yn) (ton/yr) Reference
. Paddy field 1,046,000 11 11,506 Park (2001)
Atmospheric Upland 713,000 11 7.843 Lee (2000)
deposition
Forest 6,374,875 17 108,372 Shim and Park (2001)
Paddy field 1,046,000 35 36,610 Yun (2008)
Biological .
fixation Upland 713,000 15 10,695 Bashkin et al, (2002)
Forest 6,374,875 6.7 42 711 Shim and Park (2001)
X9 e e doem 2% 3}"4‘“‘1 HE 9 Sl Aafde 7HEAtRE S YS WA
oA A 34 Table 3] 2jalo] 24tk 2 HEEAY. 4490 AR aHFE 7MEESR 71
A 109 B9k felehs FAT A A SUF 2 Astel 1A ST S AU AR EAH,
o] whE AAWA] rash 470% ) B Fo 20059E Feld 4u|E ARFES F 15780,000 ton/yr
2 03l 7I&=Ex EH| £9 BU|3EHH|E AFEES HA} ol 4 20084 16,130,000 ton/yrZ <F 350,000 ton/yr2] Al
Zrashat o FA1Q Ao R vebgthFig. ). 20059%  7F SR AeR 2AE LY dubHoR Abw o o

ol A BiER TofjE F7]-ARS F 376,000 ton/yrof
A 200813 311,000 ton/yrz <F 65,000 ton/yro] F-7]7 ek
o] At AoRr ZAESIT

AA W, Aoy g jote] ot BESHH
Ao ofe] EAVELS 2Aste] =3} Wof A
ATl 35 kg/ha/yr'¥9} 15 kg/ha/yrg)é o] g3te] Al=H
=3} oA ESHA 2 A 1S A7E 36,610 tonyr,
10,695 ton/yro|t}. tf7] FO2HE FHA o H2tE= <
Ql 11 kg/ha/yr™” & Folo] =3} Wol A JZee ¥ 374
3t A1} 11,506 ton/yre} 7,843 ton/yr=2 T % R tH(Table 3).
Egh, AA| WA 5 A2 30%0]aL 7o 9
3l %@H% ofo] 70%z} FAsHH? Qof x| Azt 1

FS wf 383,16 ton/yrol 747\APEH§ i]iLE]oq

o mX
o
b

2

Z-:%E‘ﬂ 2.8 mg/L
A}, 24.25 kg/ha/yri Z A E QL) o]

e e WGl oot At T AAFAFS 42,656

500

=

2 400

c —  —

5 e

g T

= -

o 300 4

N

g _

¥ 2

(1]

L

£

2 g

(@]
0 T T T T T
1998 2000 2002 2004 2006 2008 2010

Time (year)

Fig. 1. Annual use of chemical fertilzer in South Korea,

A orEh dh ] o] Rl 15%2F 16%5 ©]-8-8)
of SAdoR fodd Ao & FAH3HE 387,120 ton/
yro2 ARl

AopA oA o] HAFYL
o8 "aax ereeote] o3k HEEH A
7] FoREH U £119 %EHE %‘i‘ﬂ—t— %o
Al AA1A
b 7] F 2 g% F2 6.7 kg/ha/yrg)% 17 kg/ha/yr32)
o=, Yopo i nAHE A H2E = G 42,712 ton/
yrI} 108,372 ton/yr= FA & Stk

ZAIA oA AafS RAHoR Agdo o3t i
FU(Food)o] =7} Hr}. AmEo] ofste] HHT 4 U=
T E S FEA Tuld AEA el d g SLEE, 2008
o Tha A A FH RS 75 8g/day’ ) O 8 ZAFEQITE o]
FolA s&4 dHd AHFS 359 gidayolglon, A&

2 39.9 g/dayo]t}. 2008 AT AF-E9]

28%0| B2, 2 A MF 9919 = AEaEE 0|9 B
Hol 229]&o) o3l FA 592 154,922 ton/yrO 2 XA}
=it whehA 2008 e Ao & 6-U-S 1,294,328 ton/

20000

15000 I

10000 o

5000

Livestock feed (kton/yr)

T T T T T
1998 2000 2002 2004 2006 2008 2010

Time (year)
Fig. 2, Annual change in livestock feed in South Korea,
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yrez 59, FAY, YokA e, 2Rl EAA A ¢ Ao HlRol| oJgt Fukeke AH|EFY] 16.5%7F FHEERE
T A aoko 7k7E 600,254 ton/yr, 387,120 ton/yr, 151,085 51,315 ton/yro]th. x| oA ErHOo R SelE A
ton/yr, ZL2]3L 154,922 ton/yr® ZAFE QlTh 7F BE)E Bl AskE fEEe 2 #94E T a9
1.6~33% A== BAEE] 2.45%S o]-831H E 14,706 ton/
33. HA RE yro] |&t& GEEE= Aoz eyt
2B E| oFte] S&EE A4 9ETFO H|E F SARQQoA 9] AafEe 7EER] o5 FEE 4 2008
Aol s BAHE 2Eol HrEE S 7HsAR o) Y 7hEE e dHAYEES 41,740,000 ton/yr ) O.82 ZALE|QlTh
o] 7}&ER 0] FEYE wjEEL okt ZAMER APAlE o] A AR TR 7E5S AR FAbs e SAtE A
GAR FEEE & HESYS 7HEERRRE b7] Sl & glAldo] o535} Eo]x], ZAE7e] 97.6%7F SAHE A 2
myol A4 e AY SGAEE of, 181 A= AAE 39l om, R o Thsdhs HeAldS 97.5%
TREAY S4=] HHeder fE0He & 749 2 RuEglch gu], Hu], F - Hu]R o] A5t Helrt 7t
et 7} 79.6%, 3.5%, TL2]iL 8.5% % RAME|GlOm], FAME O]
A oA Dao] & B o3t JYEW B4 AL 8%E HASALY T HUAF7] H AR
2ro A 9J3t X o] HabE Aio] oS 9Zerow ) = 1,460,000 ton/yr o]t 7FEE L 2 A A dbgEke
Aok EEAMFED g2 AAHRE ARSE A9, AE 20059 7hEE L FRUAYRN 1 F71eYe st
B F5Ee Ao 2 gAste] B AaT FAR o thERt A}, Ak 299,906 ton/yro|w AR} 2
FEEh dao E S A HER 7)F S o A LS °F 40%<1 119,963 ton/yr7} 4] = 2o
Wo g wtonz H Ao Azt AAE AR 2 A=A Eeh g - AushE ZFEE e 179,985 ton/
o ekt A A F4FS o8t Wit A yro2 ARl
4TS A4 s ch(Table 4). 20089 AFEZA ek AoRA| oA H0] FEFS ok T X gHUdS
% 106,102 ton/yro & 2005 e Blste] H2A] FaR <l aesto] AFESElch dopA Ao A B Astuttt A
o ZHEAYAkEFo] hAdt Aoz uehgth ol HRA R apol7h U Aol Jon FUALTF] 15~20%" 52

29 61.7%7t FoHea Aegsz 6281 09-10 kghayr™7F lEE Qo dejA 9ok ¢lof
AL 370356 ton/yro 2 ZALE QITE whebA 7 Ao A ol A o] EEFL: 26,606~31,874 ton/yrZ Fgre A8

1o
do A
o
mﬁ

A A SEFS FAFel 238229 ton/yrE AFEE QI slo] RS 29,157 ton/yrO 2 AHAE|QloH, & 7|AAF
FUA G A Aol G HWEF A oy AETt e SAEs S 127,638 tonyr2 4HESEATE @lof
A= J o, 2 Ao 71 gdo B3t A+ T & oxo APset U4 9 S3td e 719 79 A%
gubel Aol 7Y et gk ARgsto] F4skaiat st of ofgt 9] WAY H Ad T4 4.9 kgha/yr'o]m,
Atk £ ATE FAA A BAEE Aoy AES  FIHFS 03 keghayV oz A Jop o)A dao] F
7] Yt =3k oA A E= b olEo] HR AN TR 33,237 ton/yrO & AME|GTH
N EA-EE FS A7 AEste] Hdtghe ARSsHch ZAR G ] HAae] fEFe &HA, deAHFS
FHAGol|A Q] FHFL =9 @TOH 30~70 kg/ha/yre} & aesklch 199790l 7HAH #H7|Ee o)A 20059 1Y
o] 30 kg/hajyrz dHA Aok w3 v BAGSF e o 145E S9A], FAA], Al A QoA BAS= SAERF 1
oo e=a} wol A zhzt 32%%} 15%E RuEck” F 71&9 Ay FXeF gEe] 20089 7714 U9l dfek

7)
oke AbAsle] B 73,690~123,272 E717F A=A FF oA 2ALE ¥ Fr)H 9
Aol M= Hatgkel 98,481 ton/yr

=
ton/yro. = AFEEwH, 7189] oFo] 20054 o] wjd 7hAstal glow o =
7h FRA oA HE= AR AT FUA o 71E AL 22 3L W sEERR TEEY 3
FE7| ¥ 7F2E LS 1,460,000 ton/yr35)O]U:] 0] 3

Table 4, Estimated nitrogen in agricultural production of South ke oF glo] mF SRV HAo S o =8 A
Korea 4% 10,490 ton/yrO & AEE 4= Qlrt o}TXMﬂOﬂH i

Annual production g protein/kg Nitrogen (ton) 25 AAE AAEH] 05 sA R 9oL AagEo

2005 2008 2005 2008 2005 2008

Rice 4768368 4,843478 88 88 67,1386 68,1962
Baley 200486 180,142 92 92 29512 26517
Vegetables 9,097,406 9343423 15 15 21,8338 22,4242
Fruit 2,502,950 2697,734 6 6 24892 25898

mRE WEHe s Seltete] sl e|AlAe]
S BEE-S 86.5%0] 22 120,116 ton/yr] 47} ah
Aol 8= 13.5%¢21 20,140 tomyr_J A 071 A4 2
A7 f2E sesdd HY Bl A7 2471000

Puses 198752 146895 330 330 10,4941 7,7561 ton/yr*”o] WAL HefA] Az & é—E#—Eri SR
potatoes 266425 222999 22 22 9378 7850 Aol 4.5% Vot fﬂrEW s wiEd skrde A
Grain 86366 103,754 106 106 14648 17597 A9 92 40,586 ton/yro] o, soF HlEH F EAIA
Total - - 107,309.5106,162.6 o] AL 51,076 ton/yri = A 2|9tk
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AR5 Foto] HAX T} sleA 2 go] A BYshs
2001 2 NyOOF2 8289 ton/yr2 AFZE Gttt SR A3t 5144
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W Edeee & golnz ehdgh x{zjhdohg_4 Jar
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1000
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Fig. 3. Wastewater and livestock sludge disposed in ocean in o7 W3tol| AT 2= 9= N,O A7 W o] mZo] Ig
South Korea, et

3.4. HA X| L NoO 2l
AF&HsE fshs e _
5t 2Al7FA0l N,O% wo3hEe]| st olold wjZ 20089 et A9 dax {9 A Fig. 49F 24 A Huf
70%o1| ws}% Aoz oA 9tk N = the] "o A& Fig. 5o Hebiglct
AFe}E} oFo] BRAS 714 FAAYGY A4 F FYd %—%‘%kf_ 600,254 ton/yr
v | 7} 402,731 ton/yro.2 AFAE| Tk Ao A Q] AlRE ¢
3k 712520 A4 387,120 ton/yrO & o]F 130,453
ton/yro] 3EF F= FFGER AFF £A] §E5F0] 5

HED] AbEe IPCCO WHE 297|(Phase 11 methodo-
logy)oll 93l HPA G A TA3= N,O= EY O ZHE
HA g AA A0 1.25%F IPCC HiEA e 7|2 Zhe o 179,985 ton/yre EH|E AAlLE Aoz sholw .
2 At kMY o)y 7]E ZHe N,O o] IS olofx| o A 7| BmEE A Ay} YEIH uAHO
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E"@%}% Nzookoﬂ o3t Z/\]"‘ &]ZHW}X] E—EEP(] o NPS Production

S AlAFolrh E oA N0 HlEHS AFYS 95ke] 4] \ww 625.061)

(Dell ol gstaom, 4 (1) 191 A7k T 4330

A N0 WlE A9 0018 Abgsto] sk Aotk ) L area

s1o=2] 2| 2ol Al HhAYEl= NLOORL: 2,152 ton/yr2 Hj4=%] 2] (600.254) @ijer and Ocean

oAl AAE= oo oF 3.62%= ZAFEUTH (51,076)
Food import

NO(s) = Protein x Fnpr X NRpeople * EFs (€8] O (154,922)

o] 714, N,O(s) : N,O HlZF (kg/yr) Fig. 4. Input and output budget of nitrogen of South Korea in

Protein : 17k Tl AHeF (g/day) 2008,
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Fig. 5. Input and output budget of nitrogen in: (a) agricultural area, (b) livestock, (c) forest, (d) cities in Korea in 2008,

42,738 ton/yr=2 ZAE|Q oW, st e Ao A 743} vict=E Table 5. Estimated NPS in the this study at 2008 and the Yoon
S&ELE Ao OF 77378 ton/yr2 =AHch et al (2008) at 2005
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19, efal mAA o2 o 197,522 ton/};r’ 18’778 ton/ Agricultural area 124302 197522 73.220
= =z =
yr, 20,41? ton/yr=2 FALE] MD}_(Table 5)_~ v e A T_?*J Forest area 96,456 88,778 7,678
AAE Fabs7he] 97.6%7F AL A=A E S 24 Urban area 20823 20410  -9.413
Heddol 93 dafE2 gle AR 7HYsdith da Livestock farming area 0 0 0
HI 29| ARS=F Ta A, St Qu|AY 59 A A8 Total 262,815 306,710 43 895
< Foto] v d e AE 35t AT TUA Y
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Fig. 6, Comparison of nitrogen budget in the present study with the previous study by Yoon et al (2008).
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Table 6, Comparison of the this study at 2008 with Yoon et al

at 2005
[tem 2005 2008 Increment
(ktonfyr)  (kton/yr)

Total 1,319 1,294 -25
Fertilizer 354 311 -43

Compost 173 180 7

Input Fixati.on 92 90 -2
Depositon 136 129 -7

Irragation 44 42 -2

Feed 361 387 26

Food import 159 155 -4
Total 675 632 -43
Uptake 251 238 -183

Denitrification 137 129 -8

Output Volatilization 173 171 -2
Forest consumption 33 33 0
Ocean disposal 66 51 -15

Leaching 15 14 -1
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