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2011 Nitrogen Budget of South Korea Including Nitrogen Oxides in Gas Phase
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Abstract : The present study estimated nitrogen budget of South Korea including nitrogen oxides (NOx) in 2011. Emission
sources of NOx were calculated with the higher contributors, such as vehicles, businesses, power plants, based on the IPCC and
EPA reports. Moreover, nitrogen budget was separated for city, agriculture livestock and forest. Input and output were chemical
fertilizer, crop uptake, fixation, irrigation, compost, leaching, volatilization, imported food, denitrification, runoff, and so on. Annual
nitrogen input were 1,692,650 ton/yr and output were 837,739 ton/yr which were increased from 2010 budget. In 2011, NOx emi-
ssions by vehicles, power plants, and businesses were 308,207 ton/yr, 601,437 ton/yr, and 469,946 ton/yr, respectively. Including
nitrogen oxide, total nitrogen input and output in 2011 was calculated as 5,652,366 ton/yr and 1,425,371 ton/yr, respectively.
Key Words : South Korea, Nitrogen Budget, Nitrogen Oxides, Input and Output
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A 4(Nitrogen):= 4317 (Nitrogen fixation), 7] 2K(Nitro- S AapAdts F2 FYAY 52 9y f98
gen mineralization), & AFSH(Nitrification), 245 3HKNitrogen HEE dAEgon, gty Aol AA &9 W o=
assimilation), &% SH(Denitrification)®] P2 §3ke] thF  of gt A7k FE3) WAL ek FEA] 2 A,
& FeE AAA A st Yok ST AIst o] qlops e R 2001 ES] A § - &Y AL AS
Fo A= Bl stelu|e ARG 54 SHle A W A o7 SyEglon,” 2005 dEe] Aagals A7k 1,442,254
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29l Akl daddol SiEal gl Aol el FRls 2| 60% ol AAshe AbHE ez A
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TCorresponding author E-mail: jaewoopark@hanyang.ac.kr Tel: 02-2220-1483 Fax: 02-2293-9977



Kor. Soc. Environ, Eng.
TSt FRIR - QrAbR -

LTI SN e

J
ARl

7 ek

WLATRE ABAY T, 2742 5 AA P
o W&ol 23 F7hEL Aol fHY A9, B2
SEOA WAEE ayHEo] A WiEFY 0% %
pohe Aoz 2AEGIEE W F3e f gl oy
A 8NP AR RO A 9] Aol 5 ol Folx )
o] 1 Zrke] FATFE W Wl uet AdrjHpio] 4
o Ao WAL suk T AL wE71Y 2
Mol that AAH AR REG Aol WAk}
29 A% T Aa4AL BuHR] goteh

wjeh 2 =Ee AaskehE
A soksr) 9l Al - =
Hsto] AUH Anpke)
k. o] WY
QU5 A A ABHE 2010d
sfo] Zasold HAlsHr

| A=z e giew

1z
e o 2

.
P

H
=
1o
i)
B
4

fn to
W ox ME
>
f1 do
Ho iy
O o
oft
= g
2 r%
Jo
2
Sk AT X

s o
B

B J
"

)
a

& 2437, of
AT Vet )
+= 2005, 2008, 2010

]

1o

o
2
rRo
>N b
Me
>
lo
re
1
-Q
.
il

_?L
)
e o

Mk tejo] gl Aol A, ol
AFe] aAtolct.

:{11
i of &
R koo

AREAAE, FREANADTY, 3
A, =7hasdelgu o)L, gkl
T 5o 20119 BA AR I
wek A1 Ao AP A /AT R
7] glsto] wjEEA 0] AR Aoldt mAX Y, 5y B
AAAAY, dopAem ST 20119 = iRkl
=SEWHL2 20108 =2] 100,033,000 haoflA Tk F7}F
100,148,000 haZ ZA}E| th(Table 1). 53 A7} 715
o] WAL 2.4% 7+H43to] 959,914 haz A =90,
1% 3713t 738,126 haZ YERgGth & Q1= 49,779,000
o ZyEglon, 20309 o) e ALYFEE WAt
2% Ao JyEth QA TP FEAY ATE F
AT} 483%E A om, A= ATUEE Mg
Fatoll A 7 A vEhd kel HFaAdel e w2
Aoz HEh
FHAQe) sletne, Hug, 1EES 9 w5
of Wag FAARE B BB ARE F
o, 7 9| Az, FE, 2UE T Ed B

A ARE AYsto] By W FUS D4R Axg
-

o

oM,
)

_E)

E_\_,
ox Kl
2

T
oft
tlo
i)

z
e o oF rlo rir rt 1o v oxt

)

m

3li= kg/ha-yre} ton/yr2 UEMJ AT

Table 1. Statistical data used in this study

Land size Paddy Upland Population Populqtion
of area (ha) (ha) (ha) (person) density 5
(person/km?)
Seoul 60,521 296 532 10,026 16,567
Busan 76,843 4,442 2,605 3,464 4,509
Daegu 88,368 4,345 4,582 2,477 2,803
Incheon 103,241 13,394 6,925 2,750 2,664
Gwangju 50,124 7,015 3,779 1,506 3,005
Daejeon 53,991 1,895 2,837 1,627 2,827
Ulsan 106,000 6,947 4613 1,105 1,043
Gyeonggi 1,017,001 98,205 80,639 11,788 1,159
Gangwon 1,686,639 41,086 68,410 1,496 89
Chungbuk 743,326 49,222 66,599 1,539 207
Chungnam 862,992 165,678 66,611 2,104 244
Jeonbuk 806,723 141,036 61,719 1,802 223
Jeonnam 1,225,246 190,588 113,387 1,772 145
Gyeongbuk 1,902,956 138,427 136,204 2,638 139
Gyeongnam 1,053,316 97,305 59,687 3,232 307
Jeju 184,885 33 58,997 552 299
Whole country 10,022,172 959,914 738,126 49,778 36,230
Table 2. Nitrogen application rates in this study
Item Application rate
Paddly field fixation 35 kg/ha/yr
Upland 15 kg/ha/yr
Forest 6.7 kg/ha/yr
Agricultural deposition 11 kg/ha/yr
Irrigation flow rate 43.84 kg/ha/yr
Denitrification of paddy and upland 51 kg/ha/yr
Denitrification of forest 5 kg/ha/yr
Protein in feed 15%
Nitrogen in protein 16%
Livestock manure of waste 27 6%
Uptake 61.7%
Volatilization of agriculture 16.0%
Leaching 2.45%
22. MA QY ME
FeEutet AA o] Ao E 4RSS flske] ARgo] A
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Journal of KSEE | Vol.36, No.2 | February, 2014



J. Kor. Soc. Environ. Eng.
7 |H[A MBS S 2B 201 1A R CHSII= ZAK] A

WG] olg WA, Helo] o3 fyugoR F4st
ek FArelAolole] Gelake Sl 71 wol ALgH
B oAA B9 59, HAL 28 N A § 10 5%
o sl & 4HE ARFS O APPsiEow,
Yoo Wb wYRLS GO ATt

ML BAFY FrFo s =
Sox) g U RSl YRS RS BUY 2
Az fE8E e WEgoR s

2.4 HAMSIEZ ME
SEvter g7l e FujEES o A4
&, Ay da, BAEA, oduRed 2 A%, F718A
AHE, B2 Y HER o]Fe Y, HV|EAY, 7Y o=
TRt} AFEHT A F gyl eduEY & da
Ashgo] wARe 24517 9stel mgrdgTel A
o) FRAE) R AeRAL B3 Ay, S, A5
A S 2A5 BAE e} B RA AR
B2 A5 WE2AS" 08 Faskgch w3, ARGl
TelH L SR AR AT A A & S 4
202 hgatglon], 24| A Ret ol x| T ke

FARRE o] &3l HH oA HiEEE AMISES &
sl et
3. 40 2 nEk

2011 oighel=to] AA & §Y U G52 1,692,648

ton/yre} 1,005,496 ton/yr= ARG =l o, 2010 %= A4
Z19] 1,660,259 ton/yr -7} 831,204 ton/yro] F-Z% Ao
ulaf tha Z7keh A0 Utk 2011 d R0l A 2
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Fig. 1. Input and output of South Korea Nitrogen budget in
2010 and 2011,
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Table 3. Nitrogen budget in 2011 including NOx (unit : ton/yr)
Input-
Input Output output
Produced crop 95,152 Ocean disposal 76,725
Denitrification 2,204
Imported grocery 158,658 Drainage 44 414
City ' 7,010

Fuel of vehicles 122 886 Sewage disposal 123,343

vehicles emission 93 802
Fuel of plants 1,373,007

plants emission 143,027
Deposition 18,678 Denitrification 140,595
_ Fixation 44,669 \ojatilization 175,883
Agricul- | rication 60,179
ture and o Runoff 21,649 594,050
livestock Fertilization 447,000 o J | 55 550
Compost 313,090 ~/0®aN disposa ,
Feedstuff 404,282 Produced crop 320,171
Deposition 108,270 Denitrification 31,844
Forest Fixation 42,671 Uptake 33,118 2,366,757
Fuel of power 2 463,824 power plants 183,046
plants emission
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Table 4. Fuel consumptions and NOx emissions by vehicles

Vehicle registration Mieage  Nitrogen content by fuel (ton/yr) NOx emission (ton)

Gasoline Diesel LPG perday  Gasoline Diesel LPG Gasoline Diesel LPG
Seoul 1,479,867 1,083,846 393,043 415 6,839 11,897 681 14,795 33,492 1,488
Busan 576,111 421,941 153,011 457 2,932 4,631 265 5,760 13,038 579
Daegu 489,718 358,667 130,066 442 2,411 3,937 225 4,896 11,083 493
Incheon 488,803 357,997 129,823 428 2,330 3,930 225 4,887 11,062 492
Gwangju 266,299 195,036 70,727 448 1,329 2,141 123 2,662 6,027 268
Dagjeon 290,464 212,734 77,145 422 1,365 2,335 134 2,904 6,574 292
Ulsan 226,657 166,003 60,199 41 1 1,037 1,822 104 2,266 5,130 228
Gyeonggi 2,138,976 1,566,574 568,098 461 10,981 17,195 985 21,384 48,409 2,151
Gangwon 308,370 225,849 81,901 419 1,439 2,479 142 3,083 6,979 310
Chungbuk 318,231 233,070 84,520 450 1,595 2,558 146 3,181 7,202 320
Chungnam 431,738 316,202 114,667 449 2,159 3,471 199 4,316 9,771 434
Jeonbuk 366,139 268,158 97,244 44 1 1,798 2,943 169 3,660 8,286 368
Jeonnam 368,229 269,689 97,799 457 1,874 2,960 169 3,681 8,334 370
Gyeongbuk 567,940 415,956 150,841 434 2,745 4,566 261 5,678 12,853 571
Gyeongnam 718,026 525,878 190,703 456 3,646 5772 331 7,178 16,250 722
Jeju 127,806 93,604 33,944 407 579 1,027 59 1,278 2,892 129
Whole country 9,163,374 6,711,204 2,433,733 44 1 45,003 73,665 4,218 91,609 207,382 9,216

U B S B ARG AU U UL ol 211205 Guh WSOl 154723 G
=, AA A Bafol TA eiton, Aol & B4l 101479 Gwh 2AE AT AAE F AL
@

2 Aol el HA Y] R Aol 91X 455,070 Gwhe &2 Az, +% 9 HH, A7|AFgA7E &30
Shil Sl FAE =S FHUEA Hol vjEH ZAoRE Y U AU, 7HE o2 = Qct W AoA] AR
ehyct dmi §oE 79,854,000 tonTt LNG 13,607,000 tono] 7}

o] THaE 3, 5, dAEo] FE o]FL 3o F ol AR Zleg AL 20119 R Qe
o, S7IEHS o] 8ok SEirdae] W/dnlrt 29,571 2GS 2,463,823 ton/yr2 UERGon, AAMSHE )
MWE AA grAeke] 35%2 AR5+ 9k 2011E 29 HEFLS 601,437 ton/yr2 AHYE ok Table 6).

Table 5. NOx emissions from fuel use in power plants

Nitrogen content by fuel (ton/yr) Emission of NOx (ton/yr)
Coal Heavy oil Diesel LNG Coal Heavy ail Diesel LNG
Seoul - - - 3222 - - - 19
Busan - - 0.1 1,4985 - - 0.1 9.1
Daegu - - - - - - - -
Incheon 323,033.2 - 218.0 6,528.0 77,0973 - 1145 394
Gwangju - - - - - - - -
Daejeon - - - - - - - -
Ulsan - 1,062.2 38 9525 - 1,0851 20 58
Gyeonggi - 5,180.3 104 2,563.3 - 52919 54 155
Gangwon 80,426.3 42 172 5281 19,1951 43 9.0 3.2
Chungbuk - - - - - - - -
Chungnam 1,192 553 6 3211 163.0 1,781.0 284,622 8 328.0 855 10.8
Jeonbuk - - 237 7126 - - 124 43
Jeonnam 86,919.8 138 1203 4257 20,7449 141 63.1 26
Gyeongbuk - - 102.8 - - - 540 -
Gyeongnam 743,207 5 10,6079 1127 - 177,3789 10,836.4 592 -
Jeju - 4,079.3 330.8 - - 41672 1737 -
Whole country 2,426,1404 21,268.8 1,102.8 15,3119 579,038.8 21,7269 579.0 925

chEterA ZstslR| | MI36A ®25 | 2014 22 |
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Table 6. Nitrogen budget by regions of South Korea including

NOx
Input Output

Agricul- Agricul-
tureand  City  Forest tureand City  Forest

livestock livestock
Seoul 333 39,317 837 179 82,124 1,671
Busan 2,834 30,404 1,907 1,527 63,508 3,804
Daegu 3,601 27212 2609 1940 56,841 5206
Incheon 9,021 36,093 2,154 4860 75391 4,298
Gwangju 8,093 9226 1,048 4360 19,272 2,091
Daejeon 1994 16,858 1,608 1,074 35214 3,208
Ulsan 5,091 21831 3,672 2,743 45599 7,326
Gyeonggi 104,071 206,595 28,076 56,068 431,534 56,020
Gangwon 48,337 176,849 72,914 26,041 369,401 145,484
Chungbuk 69,068 67,651 26,415 37,210 141,308 52,706
Chungnam 158,493 27,5615 23,328 85,387 57,474 46,545
Jeonbuk 131,878 28,669 23,789 71,049 59,833 47,466
Jeonnam 164,480 108,361 37,016 88,613 226,344 73,858

Gyeongbuk 130,694 210,081 71,541 70,411 438,816 142,744
Gyeongnam 75,199 52,943 42,994 40,513 110,586 85,786

Jeju 27,035 25,698 4,735 14,665 53,6719 9,448
Whole country 1,287,898 490,638 333,988 693,848 1,024,840 666,399

Bl Vehicles 43.6%

RS Power plants
Il Place of businesses

Fig. 2. NOx emissions of South Korea in 2011,
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