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ABSTRACT

This study estimated the nitrogen budget, including gaseous nitrogen oxides (NOy), of South Korea in 2012~2014. The
nitrogen budget was classified into three categories: agricultural and livestock, forest, and city. To estimate the nitrogen
budget, several input and output parameters were investigated, including deposition, fixation, irrigation, chemical fertilizer
use, compost, fuel, denitrification, volatilization, runoff, crop uptake, leaching, and NO, emissions. The annual nitrogen
inputs from 2012 to 2014 were 6,202,828, 6,137,708, and 6,022,379 ton/yr, respectively. The corresponding annual
nitrogen outputs were 1,393,763, 1,380,406, and 1,360,819 ton/yr, respectively, signifying a slight decrease from 2012 to
2014. NO, was the parameter contributing to the nitrogen budget to the greatest extent. The annual ratios of NO, emissions
by vehicles, power plants, and businesses were 0.31, 0.31, and 0.30 in 2012, 2013, and 2014, respectively. A change in
government policy that prohibited the disposal of livestock manure and sewage sludge in the ocean from 2012 affected
nitrogen budget profile. As a result, the ocean disposal ratio completely diminished, which differs from previous studies.
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Aave AT (Nitrogen fixation), F7]3H(Nitrogen
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Th(Xing and Zhu, 2002; Kang et al, 2006). °]&3t &
zl/\ ]I:I}HH]-I:HE Tﬂ‘%ﬂ'-% A 'ﬂ%‘?j%h% UHL:]
s 2 B 2 29 x}g =9 o)lg3le] 243}
i, s @ae aEslel fEEe 2] %S 48
o R wiEvld @ AAESS 58202 od
ATHNam et al, 2011).

T AheA] A7 FE FAAY e 9] f9d
TFEZ AYPEgon 27FAQ FRoAM e SR A
?7} 3] A ok 199435 19973 Alo]d]

ali rlr

Sepjel dak Ble) At A7) AEgle.
. 2001 ] 0 A, ok pges

q4 7Y 9771 ﬁﬁwﬂt‘r(Bashkin et al, 2002;
Choi and Kim, 2004). 20053%0= $-2luz} Ax] 2

2] AF7F =] AZF 1,442,254 ton/yre] AT}
FAEJTL 814,415 ton/yre] BATt =8 AR A
EJTH(Yun et al, 2008). B3+ 2010950 ) 2 =
AR AL Frog Ard Arubd] gk A7

okl 27t tiRvlse] AAasAlE vl 3 BASIS.
“%, 2011950 A A f20% 4% 24 5
o] @9 Aapele} A Bgo] € 5 e 3

T} A= JATHNam et al, 2012; Shin et al, 2014).
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o AEE WETe] 18 Z7R e Aol
f3le) A9 E2 Rl WSl AausiEo] B
W) 40%S JHFHe Aoz ZAEon], Fate)
A% oA R R, A TEelNe] waYel 78
o]F 3 JATH(Vestreng et al, 2009; Fu et al, 2001;
Hao et al, 2002). 5=3F S=2] 7 =7le] ZAA+FE
Aol W} AaulEel AR Aop) sl Zow
LERTHHolland et al, 1999; Misselbrook et al, 2011).
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A2 AAFoZ Folsl HEk A AA T 59
A glojtel] Qloj Frelolor & ERE FHsk=T
i & 20E Aled
2. AT

2.1 X2 3

S7HAR) e A S ffste] $A, 873
I, SHFAER, doEolEAl, SR, I
AR, SHS AR, wEdde e, S7kaE
OlEiﬂﬂ L, FFHHTAL, ARG AT SolA A
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e, %"é% T2 30 Had ARE FH s}
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Al FH rEES AR
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NSkl B2 ¢ 2E 2E BT SAA90 71
For, e TTEs 9 Soz Wikl ] 0

ol AAo] & 1go] WlskA] kethal 78S
oh Z Al Ed AR 99 7IE ATellA Bol
ARESE kg/ha-yre} ton/yrz YERSITE

22. B4 /Y ME
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A} spsh|Rol| o3l & @ (denitrification) 2 31t
F(volatilization), A2 = (runofHElE Yo 2 &
st SAA SN HHIE ARREE & 7SR
olMe] eddy) Fpdlako g7 Fsig o, opx|He
Ae edga F52 uptake) 02 AFYEIITE EAIAS
2 &R WA (sewage disposal), AEHFSZS] &
A g A2 fFE=T sk vlEH(drainage)0 2 54
stk v di7| @SS AUAREE A4, H
2 A, AEY Ad, ARA, duAeE 2 A,
F718A AMS, B2 2 HER o]FedY 529
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Ty AR AP wiE B ARE 285k
o, A0] A9 AAE AT} AT ST
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3.1. F2 84l Y 2=

201295E 20143704 SEluete] FEHZL sjuitt
ZaY S7VRs %S EAtH(Table 1). o= 7HEA]
WA, e sd i A TR wlgA] 5ol
A2o] HEd AYEHHA w5l S7isle P Hole
ZoZ ZAEQITE AEHE o] &38) T =3 i, g
dote] WA &Aoo 7 Thidke AHEs Btk 2014
do] =3 vk Tggjar Yok wWAe 20123 oiw] ZZt
1.5%, 1%, 02% ZFAstT) oo Hhs)] ZA|A] <99
20144 WHAL 20124 Y] 3.6%= FA S7HE A
o2 AU Uk F Qe sdvkth QI

Table 1. Statistical data used in this study
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HAok. AN vid FTRlE e A Eolee F
AE B 17988 w3l e Bo] ERIH
S FES A T wid S7FsE 2014430
= F ATY 494%F A LH, o] T3l U]
T 0] ml =& Aoz dddn. $elyet
o] 558 A2 HE3| F7IE 2014del= 2,019k
A2 AR W s AA ARSSE IR
© fhdshe AES BHYor, 58 AR
2013\ L7 ZAHAT} 201439 =LA S7FE Ao
2 Yehstt

ALFAE AES] 218 QAFES F8 FolA B
IE FRE AR gk 2 SReE At 2
Aol HE31tE. T8 JAEEE JEAE, 948, 1
AE, IEE 5 A2 AsHA AAE HIES &
|50 &5 thilg ) Ak e 5 AAE 7PHFHo

2 Ak A% QAEE EEE| o] JTHTable 2).

1

2

3.2. 24 ]2

SElueke] 2012337E 201437k212] zH Ao A

9 2 AE3FS A 2 &SI Table. 39 YERNSA
o vt T A YRR 201295 20143704
Z_l
e}

o it daste 2% Mol 20w Uehdth 5
Ar 4% F 71 2 WES A B2 Yo
ool AR f9lEE drolr] 1 Thgot Al
Aoy A8 oUIA, sk, A Sol 2 9
G2 R Qo UehdthFie 1),

AR gEEs Aum SgA9e] 29 7158

|

F7+ 6,202,828, 6,137,708, 6,022,379 ton/yrE A%
2~

ta

2012 2013 2014
Total area (ha) 10,018,808 10,026,625 10,028,390
Paddy (ha) 1,168,982 1,161,990 1,151,780
Upland (ha) 779,595 775,886 771,580
Forest (ha) 6,421,639 6,417,570 6,408,070
Livestock manure (x10° ton/yr) 64,643 63,164 64,113
Population (x10° person) 50,948 51,141 51,328
Vehicle registration (x10° count) 18,871 19,348 20,118
Fuel use in power plant (x10° ton/yr) 84,477 82,440 81,395
Business place (count) 46,014 45,814 46,716
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Table 2. Notable application rates for nitrogen in this study

Item Application rate Reference
Paddy 35.0 kg/ha/yr Oritz et al. (2006); Yun et al. (2008)
Fixation Upland 15.0 kg/ha/yr Bashkin et al. (2002)
Forest 6.7 kg/ha/yr Bashkin et al. (2002)
. Paddy and upland 11.0 kg/ha/yr Lee (2001); Leip et al. (2011)
Deposition
Forest 17.0 kg/ha/yr Lee (2001); Nam et al. (2011)
Paddy 51.0 kg/ha/yr Parfitt et al. (2006)
Denitrification Upland 30.0 kg/ha/yr Bashkin et al. (2002); Cao et al. (20006)
Forest 5.0 kg/ha/yr Bashkin et al. (2002)
Irrigation flow rate 43.8 kg/ha/yr Yun et al. (2008)
Forest absorption 4.9 kg/halyr Idol et al. (2003)
Protein in feed 15.0% Yun et al. (2008)
Nitrogen in Protein 16.0% Yun et al. (2008)
Livestock manure of waste 27.6% Yun et al. (2008)
Crop uptake 61.7% Salvagiotti et al. (2009)
Volatilization of agriculture 16.0% Zhang et al. (2011)
Leaching 2.5% Roh et al. (2009)
100 (a) A: Agriculture and livestock
F: Forest
C: City
80
s Deposition A
Fixation
— = |rrigation
e 60 —fy
(=} mmm Feedstuff
P~ mmmm Deposition F
= 40 = Fixation
o = Fuel of power plants
Produced crop
mmm |mported grocery
&= Fuel of vehicles
20 mmmm Business places
0
80 o Volssizaion A
s Runoff
smmm Ocean disposal
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9:0‘ 60 = Bsginehcabon F
2 — E‘c’iﬁé’%'.ii‘isi.”"“"
enitnfication
g 40 = g:::ag:edusposa\
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wmme Business places emission
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0
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Fig. 1. Comparison of the compositions of (a) input and (b) output nitrogen budgets from 2012 to 2014.
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s} 9 & Am|EF 7Rl wE) AA|H A o] 7haskar

H, 7% e By g, 5EE siehse tigh
o] Y 9 71EEE ST 201295 A
Aol me} o] gH|g) Hlgo] FU1E o=
alod FHA G FrIsteRlR ARS-o & 1% AAf
Yol 2012dFE 201497HA] ZH2ZE 472,000, 458,760,
452,987 ton/yr2 A3} 7431 Qe AR Ao JEl
ok, seict = wke] o] 7hAgel] wkE uiz]e) 3
2 AEHH A 37800 sk A Frdwke] aAske
S Bom, W8S T3 ALgFFe] FHasled sliz)
Aol wE} 8ol ofgt Aafyare] A3kt
WHESS] FRoRE 1, AGA], Asl: 522 U
o WHEe TN 555 FRARIAEEHERA A
dH 85 ulEez 201295 20149714 742} 15,
1.3, 1.3 mg/LZ ZARE]ATH Water Resources Management
Information System). TN-&F ARG F AAHZAS
T LSl o8k A FYuIES 201295
201437kA] Z¥2} 12,6, 11.0, 10.9 kg/ha/yrE AH=%ict,
ol 7|& oM FAME 152-49.9 kg/ha/yrkth Bhe
A9, FA Bt TN 57} 2.8 mgLARI A B3]
WL 99 TN F57} F2A7E HHEES A
£xoF AEFl wE} Bt TNE=rF 2Asidal o
o} i FY=e Fao] T mmek 1A oz A}
FHth OA AFEAR] 7R SYF17E 2012
WRE] JAFAg m} o)F Adsshr] 95k =go)
0L AFZHATHMinistry of Agriculture, Food and
Rural Affairs, 2013). ©]2 <l&} 7}&5wo] x}43} A4
o] = HF3) TVRIE S o, 7IEEwe] A}
dske T3t T7RRe AYS Hole Zo=E Uit
(Fig. 2). WehA] 7158 HRIE gk AARYL 2011
doll 313,090 tonfyro] A A FYo] 20121 d0=
440,706 ton/yrZ. 40.8% S7I5I9.0H, o]F HIS=SE
< FABRE Aoz ALt 3 Vs ee HIEL
AL Non-point source, NPS)C 24 H|He= FJZFo=z
AZAPE S 2854 ehal ARl ABAR WA A
< ske 7L Bol Bt ofele 2AdolANE, o9}
o] de] nig=E Fusgozx ey 313k
AN fSolgke SHA wl- Fa%H TS 3]

5

FaRdollM o] AR 7IEALR 93 A
oz =3I 201235 20143704 AB1E A}
222 7H7t 18479,550, 18,936,306, 18,868,021 ton/yr
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Fig. 2. Livestock manure recycling facility and recycling ratio of
South Korea from 2006 to 2012.
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A AR AT AKEe] s Ak =
201430] 46,716 MAZ 7P BARE HAa FlEke
1,673,008 ton/yr= 71 A Ao = et ol 55
ol = A T dUAY B AlEd B 713
A ZHIEE AR7F AR Al el wie- 2 )
&5 AR, 201499 A o dxe] Hls|
AR F AxY B 718 471 the sfel] His)
oF 3.5% Aol wht A fl% E=ek 1Ak Bl

A

¢

U F 24 FEEE 201295 20149714 2+
7} 1,393,763, 1,380,436, 1,360,819 ton/yrz AREERS
w sebct 7hAdhe S Hole AoE YERTH Table
3). T A& 7=E T /M 2 HsE ARk
FHAGoMAN FRET TR S, 1 el
2 FUAYGoNAM ] I, WA} ARGAelA oY
A ALge) mE} viEEE AkelE o] & 932 v
e Aog YePdthFig. 1(b)).

FAAGY] A Friskshhlg ARg <3l ik 2}
ol e &, 7EARR g8t Ve FHE
HiZEE o Hge} 7SR a2 RE] 7] 24 o}
AAZ FUEAY gdEE o, 183 YHAE A

Table 3. Nitrogen budget from 2012 to 2014 (unit: ton/yr)

SEER

uh

. FGAGelM ] 7
AeFe F73A XS] e dad sIeHIsANEF
H] gE)= ko] 2kesddo g AEsiom, 20123
Bl 201437H4] §73A 019 eEaRe 152,423, 149,077,
147,396 ton/yr=. A|&EZ| 02 Fhhdke A Bt o]
© S A FdEelA A vk} ol A} 2
Al w} FERAeNA ] S gk hast Ao=s
TGET FHAGeA FEE e AAA BRI
oJgh 3, 7Sl ot IURF Fol Jor 1 9
A = Qe da e 53] miRke|EE FATEIS
ot 201295 20143717 FFA el e A
7R 75,520, 73,402, 72,478 ton/yrE EPREO M, FEl
St 7o) YERA] ke olfie AREEE MRS 42
FE3] sl o Tt o8k EniAkg-o] sfjnt
o} Aolalr] WEe] Aow Btk EggHo s 9w
ATt BES Bl AskrE e 2 e F
A0 1.6~33% AETal BaEa glon, ol ua}
AR 25%% olgsle] Ak f=HS A=A
2012958 20143704 AlekrR fEE die 24,777,

24,116, 24,110 ton/yr2 F74A] AAZ Qs B
A== Favt 2Asar old wet XElE fESEe
w3k 7H% Ao R AlEHh 2E W FA o)

%

Input Output
2012 2013 2014 2012 2013 2014
Deposition 21,435 21,317 21,157 Denitrification 152,423 149,077 147,396
Fixation 52,608 52,308 51,886 Volatilization 222,422 216,942 218,174
Agriculture  Irrigation 24,552 21,317 20,965 Runoff 24,777 24,116 24,110
and Fertilization 472,000 458,760 452,987 Ocean disposal - - -
livestock Land and crop
Compost 440,706 430,620 437,088 . 355,900 350,353 351,376
absorption
Feedstuff 443,509 454,471 452,833
Deposition 109,168 109,099 108,937 Denitrification 32,108 32,088 32,040
Forest Fixation 43,025 42,998 42,934 Uptake 33,393 33,371 33,322
El‘:ﬁt:f POWEE 9 440442 2377271 2,402,102 z;vigoﬁlams 182,403 177,785 176,819
Produced crop 87,827 93,379 95,572 Ocean disposal - - -
Imported grocery 162,383 162,999 163,591 Denitrification 2,255 2,264 2,272
Fuel of vehicles 119,450 106,206 99,319 Sewage disposal 125,129 126,523 124,870
City Business places 1,785,723 1,806,963 1,673,008 Drainage 13,590 13,817 13,695
Vehicles emission 96,700 99,621 93,720
Business places ) 53 154,479 143,025

emission
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3 A FFEEHES 355900, 350,353, 351,376 ton/yrE
UeRon 583t Aade] YA ke, ol =
BAE AasANE B7IEe] wEE el wiHE
Arkero] STt wt AStt vixle 4 HEel Ao
2 JE

ool A 9] RS Eulo o8t o] =8
fRloH, 7IEEwE Adslehe #AAIA F 40%] 4
AeREe] ke Ao FASITE. 201297 E] 2014
W7tz e JhERERE 64,643,325, 63,163,980,
64,112,615 ton/yr2 ZAFE oW, olo] wjE Fde i
FEERS 146,920, 143,540, 145,696 ton/yrE LFERSTH,
ol AT 7EE=e] YTl oJgk dA =
FS THBIIARE 20129FE SRR S|gFETF A
A SR we} sjFFI7F o] o] AR edof B AT
X o] it FAISHA

PoRA|HelMe] Ha FEHe dok] 3 2=
T3 BERA0N HiEEE AAEES aEsk] Ak
S8t Aok Gelxe] G gt A7 A= A 2
o7F U= AFES HolH, B AellMe $3F el 5.0
kg/ha/yrs ARSI B3RS A3t o] o]83)y
2012357E 20143717 4HE3E Jofr| ol Ae] gdaRe
32,108, 32,088, 32,040 ton/yre Z5¥ 7HAdhe ATS
Btk oA HellA =719k 71R]9] AES e 2012
WRE] 20149704 Bt FA S5 33,393, 33,371,
33,322 ton/yr= ZAFEATH Aol HiEEE dAa 4F
shEo 93 Ax FEFE 2012495 20149714
182,403, 177,785, 176,819 ton/yr= YEFST). 201339
745 2014337} vlwsle] Az Qe Aavt fdo] 3
Ago= Bela o Be Ax AEHS B, o
© Ak o] T2 T Aol 20139 O =%
7] wjEel Ao FAMT)

SAA G XS] A FEFS 3l S gdw,
sk dos fodE da B AR 7E, AsAt %
AR HiEse AdelE 55 s ARSI
o} oA AAIE srEEAS] T o5k A
S BRI 201295 slEE A9 T
7F AW S2gl wet siFFI7L o)Fo] AA] kot
£ dFAe o] Fd TR siEeAe] 2
o o3 f=E i 201295EH 201437E4] 2,255,
2,264, 2272 ton/yr2. Za¥ 7V A HAowH,

N

8000
—8— Landfill
—C— Incineration
=~ —w— Recycling
E 6000 1 —— ocean disposal
s
=
+ 4000 -
(7]
£
©
@ 2000 -
|_
0
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Fig. 3. The present state of sewage sludge treatment.

siEAgAlel frolE dA 2 AR A G &
£ 125,129, 126,523, 124,870 ton/yr 2 13,590, 13,817,
13,695 ton/yr=. UEISTE o1 58 skrseixle HE
AT, ASE, ARdsAldT) AAlsle] Ael=ar o, &
3] HT Al dYo g SEEAE d8s) Fow
A EHAE Folal oUA] AT} uig- vk ejvet
S0l 5 AR duAAeS gHE 5 e AR
qUA Yoz &getaxt ==t JtH(Ministry of
Envrionment, 2012). ©]¢} 7-& AJHo] =&Hof o3| 3}
&o#] Adse Avnd sduiye] 2X8 20124
FE wiEe] 02 JERtar 20129015 Sy E=gt
A 7HagE Aol Wl A3t HIE-L 20124 o]FE =
Al S7Feke AEs BAthFig 3). AFsAblA wiEEe
Aorsled] o3 Aa FEERS 201295 201437}
=] 99,700, 99,621, 93,720 ton/yrE. LFEFEO W Al
A AlEse darlelEe ot A fEHE 152,663,
154,479, 143,025 ton/yr=. UERSTE AFsAke] 739~ <AH]
P AAE Bo] RSk e A ARge] EolRel
Wb wjEEs AoAkelEe o3k da fEHe]
| ZHasske AEs el 302 AN OH, AR
T Al 7P & 9FS iAE duR] 2 A
A A 77 gl we vigEe daskE
o oJgt A fEFo] g o= YeRith

N Oﬂl ol

E

34. 5 A2 78 X

2012358 2014370 peluete] Ha 729 A
£ Fig. 4 Alate] RS 50 2 SRl
A8 F= AaHEe 201293E 201437HA 24zt
1,454,810, 1,438,793, 1,436,916 ton/yro- = AFH At}
ofF 3 e G| ol AHACE R wiEE

J. Soil Groundwater Environ. Vol. 22(4), p. 49~59, 2017



56 olgks - olHed

Atmosphere
Output Unit : [ton/yr]
(2012:840,974) A
(2013:832 2;6) Forest
(2014: 81;/ 446) (2012:2,592,635)

(2013:2,529,368)

(2014:2,553,973)
\ N

o F \
City b

) =7
(2012:2,155,383)\?
(2013:2,169,547) 702

(2014:2,031,490) f’\ﬂ\

:5 Production

‘M (2012:514,422) >

(1% (2013:510,247) |

( (2014:509,568) |
Agriculture and livestock K( >~4
(2012:1,454,810) :
(2013:1,438,793) : )

RHELEGRS / / River and Ocean
(2012:0)

Y —
000> ,/ N

~/A

neee)

NPS |_’,/ /,Q\aé 0%/

(2012:38,367) , 3
(2013:37,933) W"/ V.

(2014:37,805)

=

Fig. 4. Total input and output nitrogen budget from 2012 to 2014.

(2013:0)
(2014:0)

ko] Z¥z2} 374,845, 366,019, 365,570 ton/yro] 0™,
MHegdoRs Aol e AR Hggos vEw
Aawe 787} 24,777, 24,116, 24,110 ton/yr= LEPSTE,
JoEx| o] FdE = AATS 201295 201497
A Z}Z} 2,592,635, 2,529,368, 2,553,973 ton/yrO & AFY
HA olF 3 E s wirieE et AR H
o2 |z wiEE Fawo] 227 214,511, 209,873,
208,859 ton/yr= LFEPHTH,
ARG FAE T AT 201295 201437}
A Z¥Z} 2,155,383, 2,169,547, 2,031,490 ton/yrO & AHY
HAT olF 2 AsAt 9 ARPe] vz I7ksE ]l
slo] AR oE 7|2 wiEd dawo] 24t 251,618,
256,364, 239,017 ton/yro| A0, HIH L HUS A R|5}
F e AR APFoE w2y AsrFe 7zt
13,590, 13,817, 13,695 ton/yr2 WERGT) ko g 27
SEDE Ao AL VSRR sz RA|e] U5
7} 2012358 AW SRl wE) STl oJgh
gkl gle A= YeRth
3k = 2o Yste t7|E AR wiEEHE
Ahw} I AUo RN Al e FAR AR o
2 MEHe A4S AYs A4 fFEFS A
(Production)© 2 HAJSI oW, F2E] oJsk A4 S,
Akgo) A‘d %4_5: 5T 2 siEeiAl vy Fol 97]

o
&eit), 7} il gk dA fEe anioh &A% A
she A% E?:‘Oﬂ W} AA| F27F 2 AERE A

o Hole Ao vk,

J. Soil Groundwater Environ. Vol. 22(4), p. 49~59, 2017

S

SIS B SR 9 e 48 st
Hruds e g PAe f3de 24l

il Sle Ao, ErJr':ﬂr 1 ol EJJJ-‘LE Hﬂo}ﬂ 9
: Baslcha goE. g7z 2
A FEEE 240 AS iR 3uk 2 d siddg
ARERl W w77kl o3k Z102H, ol IAE Ho
AR T Qs T35l R o] ARREES Zo]7] 9J3F of
271A] tiEo] vlgEojop & Ao = widkEm s,
A5} gl /\Fﬁﬂoﬂ’ﬂ SRS Aaghozn dlehe
AARES Zo)7] 913 8= Fositiar ddE

3.5 A|EE 7|RAF B AASIE

SevEl & AT T AEE % A4 7Y
< % A e oF 68%E, AAEHE o3 A
2 3 Ah 729 o 31%E AR 5 AR
AaselE-e vt 1A dapAdd & S VA
© 8Qlojh. wipA AleEE {9 B aliEshe ALt
sl el F7Hc® ARG wiEEe 2 §}

BOo 201295 2014371A] 3] 2asls AR
ﬁoﬂi Al S HES A9 vl AL 9,1
Aok Wb Fig 3 201498 7o ® 7 Al A
DBHE SRS AR CH, daskE s aQl
a2 *ﬂll‘%ﬂo}ﬂ HeRSITE AakslEe] wiEe] 7t

d =2 AYe %ﬂ%i ﬂxﬂ WEEe] 27.9%S XA

a

oN

stuglen, 1 oA AT 17%, A7 % 14%=
Z}z} Vehdt), 3% ‘ah‘,:_ﬁ]/ﬂ 7FE 2o AsslEo] Hl
=9 Y218 gt or wo AL wjFo|n, A
AL 49%7F FAET X8 ATk FHAR
1/\

ABEE wjEEe] 2 AdHE 9] sEEaot
B2 A F ol HA| s 32%7F XISk
Ut AR T2 A7IES Afole AFsAE I
AaLBlE HiETo] HaollA] 7P =2 FeE vehY
o|Z QIgk HRlo] 7 & Fe= wE)

HlE Yz AuEd WdAarE A viEFe
21%E ZAe}HoH, 1 t2o07 ARG 353%, A
2} 22.6% O 2 AAEME HiEo| 7|3k Aog yEl
Wk, o] =X 201130 ZARRE A 43.6%, AR
34.1%, AF&AF 22.3%2}F AR Fx|oly, R o=
78] HlEo] FolEaL A AFsAke] HISo] STt
3l AL 3Rl 4= Jitt. o]+ 20119l 2B Aol A bl
25 AABE wlilEEo] 601,437.2 ton/yre] AR Aol wE
3l 2014390 588,151.9 ton/yrE A 7SI, AFs

%

2



71AVE AARAEIE-S F3E) 2012 ~ 201495 3= AASR] AT 57

(b)

Jeju

Gyeongnam
Gyeongbuk

Jeonnam

Jeonbuk

[Unit: ton/yr] Chungnam
400000.0 Chungbuk
Gangwon

' Gyeonggi
Ulsan

0.0 Daejeon
Gwangju

Incheon

Jeonbuk
= Vehicles

mmmm Power plants
=== Business places

0 1e+5 2e+5 3e+5 4de+5  Se+b

NO, emission (tonlyr)
Jeju

Fig. 5. NO, emissions in 2014 by region, (a) NO, emissions map and (b) NOy emission sources.

2ol A HlEE ARAELE HiEEo] 2011d00= 308,207 St Aafzo] WA AEEY o 30%s 2B v A
ton/yro| A Ao Bkl 2014391= 316,544.2 ton/yr= = AfEY QAEHT & JES vXe AoE Yekith

713 ggro s Qlstole} waEc. EAolgel mE i fEUFAE AuiEN 20129
WA oA HlEEE DAk ke sfjniot FES FE 2014370 59 2 Aol M) AR
7081 P 40171 SR ol AZAE 71 =L 1] 1,454,810, 1,438,793, 1,436,916 ton/yro]oH, AAfZE

£S5 AAElar 7] Wiz, 2 AEAA F dbrio] 9 & 755,522, 740,488, 741,056 ton/yroE UERITE Ha
g YEEE oS8T W= Favt ok dddnh &g HE ARE] oJgt Frde 59 B FAFAG FdE
AEAR QI Faishae] Wi vl Skehs AR of 32%= 2011Lzloﬂ 35%A9 ARThe 78}
FAlolH o]& Fo]7] fJste] Apgk] ] S =8, Fout 3] 7P =2 HIFS AARlE ALE Ve

A7 A9} o] FHATE AFES Y 5 I IS olel] thgh &=} Zﬁﬁi 493k Zloz dAgH.
73 AFsak Ba, AAFEe] & ARE AMSkE AR 201295 F 20149704] oY oE fdE AAhwRe
b A T3 ZE tiFo] =7t AR ARRFe = wh 2,592,635, 2,529,368, 2,553,973 ton/yro]oH, F=H
SA] arEEoRst o g ArkET AEES 247904, 243244, 242,181 ton/yr= LERTE.
SRR QIS dAfrdo] oY F AA Frd=e]

4. 4 £ oF 94%%5, AR o3t dAAfEe] doRY F

A §E) o 3% A 9lo] Yokl A

B ATl 0109 01 SR A SR ARSI SRR Aol ol A sl
o @ % Az voksla o2 Het 2 Al o7t AlEet Zo=E Akt 201295 E 20149714
7] 93k Hloks-S AAslaAt skaTh 201295 2014 EARYGoE FUE FATLS 2155383, 2,169,547,
AR EvEE F9€ F AL 6202828, 2031490 tonfyrol oM, FEE HAFES 390,337,
6,137,708, 6,022,379 ton/yro] 0 m, §58 F AATE 396,704, 377,582 ton/yrE ‘)r‘:/‘rﬁq AR 1T 2
1,393,763, 1,380,406, 1,360,819 ton/yr2 ZAIFACE o] Afrdo] EAAY & Aa fdEe) oF 88%E, Wit
F SHEE ABOR A% ALASl WA A oF  BEA) €F Aafdo] TANY F Ak P of
00%E As] e Ak Ao SAEET S 2 64%E Sk Qo] BAALE Yokt pRR
Qe A Ao vehtor], AABHE iEel o SPIR AHE 0 AAUSHE wiFoe] AaAle) i

J. Soil Groundwater Environ. Vol. 22(4), p. 49~59, 2017



58 O3S - oAl - Al

At olssTo] AFEHY U= 4
2} AFARG] 23t HAAkelE HiEo] 7 =2 vles
Btk ti7] Fo& wjEEe ANsEE] A7-S 9l
M AEE daer 2 Fdb] 4] To] Tad Ao
2 goEe 29EE ANEHE sjEaito] Aol
7o o5 Felsle] BlEEAdE FAMEHE AeuRS
olEs)or & Aoz whetEr),

ol d7A 2] Wi 9} D] 20129FE = AEH R
we} 7t 2 SEE A SlgEI17E A A4
Rom o2 I3 YT gt dih fFEo] Al
olo] tigt oz 7|Etmo] A9t AAsAl~
Hof) of3)] ERIslE AL duR|glEe] JEEeE Q1S
Aafzo] IA astgen, slEeiAY] A s
APl 9 eleE A ARSI STl ot o=
A3 AafEo] A #Zashar = FAloTh

2oz, Ahesle] wekd AESHE JU4 TS W
AA BIARGAR] ddEc] T 4 e T 34

=
BeaAe] F7) WEel, &R e
o

N
1
x
(o3
i
2
o
N
%

Ab A

This study was supported by the Basic Science
Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry
of Science, ICT, & Future Planning (NRF-2015R1A
2A1A09005838).

References

Aneja, V.P., Schlesinger, W.H., Erisman, J.W., Behera, S.N.
Sharma, M., and Battye W., 2012, Reactive nitrogen emissions
from crop and livestock farming in India, Atmos. Environ., 47,
92-103.

Bashkin, V.N., Park, S.U., Choi, M.S., and Lee, C.B., 2002,

J. Soil Groundwater Environ. Vol. 22(4), p. 49~59, 2017

Nitrogen budgets for the Republic of Korea and the Yellow Sea
region, Biogeochem., 57(58), 387-403.

Brentrup, F., Kiisters, J., Lammel, J., and Kuhlmann, H., 2000,
Methods to estimate on-field nitrogen emissions from crop pro-
duction as an input to LCA studies in the agricultural sector, /nt.
J. Life Cycle Assoc., 5(6), 349-357.

Canfield, D.E., Glazer, ANN., and Falkowski, P.G, 2010, The
evolution and future of Earth’s nitrogen cycle, Science, 330
(6001), 192-196.

Cao, B., He, F.Y., Xu, Q.M., Yin, B., and Cal, GX., 2006, Den-
itrification losses and N,O emissions from nitrogen fertilizer
applied to a vegetable field, Pedosphere, 16(3), 390-397.

Choi, E. and Kim, T., 2004, Estimated Nitrogen Discharge by a
mass balance approach, J. Environ. Policy, 3(1), 95-117.

U.S. Environmental Protection Agency, 2016, Inventory of U.S.
greenhouse gas emissions and sinks: 1990-2014.

Fu, L., Hao, J., He, D., He, K., and Li, P, 2001, Assessment of
vehicular pollution in China, J Air Waste Manage. Assoc.,
51(5), 658-668.

Goolsby, D.A., Battaglin, W.A., Aulenbach B.T., and Hooper,
R.P, 2001, Nitrogen input to the Gulf of Mexico, Environ.
Qual., 30(2), 329-336

Hao, J., Tian, H., and Lu, Y., 2002, Emission inventories of NOy
from commercial energy consumption in China, 1995-1998,
Environ Sci Technol., 36(4), 552-560.

Holland, E.A. Dentener, F.J., Braswell, B.H., and Sulzman, J.M.,
1999, Contemporary and pre-industrial global reactive nitrogen
budgets, Biogeochem., 46(1-3), 7-43.

Idol, T., Pope, P., Jr, F., 2003, N mineralization, nitrification, and
N uptake across a 100-year chronosequence of upland hard-
wood forests, For. Ecol. Manage., 176(1-3), 509-518.

Kang, P.G, Lee, S.W., Park, H.K., Byeon, M.S., and Kong, D.S.,
2006, Study on the release of Phosphorus and Nitrogen from
sediment in Lake Chungju, Proceedings of the Co-Conference of
Korean Society of water and wastewater and Korean Society on
Water Environment, Daegu, Korea, p.1231-1232.

Kim, S.D. and Dale, B., 2008, Effects of nitrogen fertilizer
application on greenhouse gas emissions and economics of corn
production, Environ. Sci. Technol., 42, 6028-6033.

Lee, Y.H., 2001, Estimation of nitrogen deposition in South
Korea, Thesis (doctoral), Seoul national university.

Leip, A., Britz, W., Weiss, F., and Vries, W., 2011, Farm, land,
and soil nitrogen budgets for agriculture in Europe calculated
with CAPRI, Environ. Pollut., 159(11), 3243-3253.

Ministry of Agriculture, Food and Rural Affairs, 2013, Plan of
Long-Term livestock manure recycling.



71AVE AARAEIE-S F3E) 2012 ~ 201495 3= AASR] AT 59

Ministry of Environment, 2012, Plan of application of biogas
production and sewage sludge reduction.

Misselbrook, T.H., Cape, J.N., Cardenas, L.M., Chadwick, D.R.,
Dragosits, U., and Hobbs, P.J., 2001, Key unknowns in estimat-
ing atmospheric emissions from UK land management, Atmos.
Environ., 45(5), 1067-1074.

Mosier, A.R., 2002, Environmental challenges associated with
needed increases in global nitrogen fixation, Nutr: Cycl. Agroec-
osyst., 63(2), 101-16.

Mosier, A., Kroeze, C., Nevison, C., Oenema, O., Seitzinger, S.,
and Van Cleemput, O., 1998, Closing the global N20O budget:
nitrous oxide emissions through the agricultural nitrogen cycle,
Nutr: cycl. Agroecosyst., 52(2), 225-248.

Nam, Y.H., An, S.W,, Jung, M.S., and Park, J.W., 2012, Nitro-
gen budgets of agriculture and livestock in South Korea at 2010,
J. Kor: Soc. Environ. Eng., 34(3), 204-213.

Nam, Y.H., An, S.W., and Park, J.W., 2011, Nitrogen Budget of
South Korea in 2008: Evaluation of Non-point Source Pollution
and N,O Emission, J. Kor. Soc. Environ. Eng., 33(2), 103-112.

Ortiz-zayas, J.R., Cuevas E., Mayol-Bracero, O.L., Donoso, L.,
Trebs, I., Figueroa-Nieves., D., and Mcdowell, W.H., 2006,
Urban influences on the nitrogen cycle in Puerto Rico, Bio-
geochem., 79, 109-133.

Parfitt, R.L., Schipper, L.A., Baisden, W.T., and Elliott, A.H.,
2006, Nitrogen inputs and outputs for New Zealand in 2001 at
national and regional scales, Biogeochem., 80, 71-88.

Roh, K.A., Kim, M.K., Ko, B.G,, Kim, GY., Shim, K.M., and
Lee, D.B., 2009, Estimation of rice cultivation impacts on water
environment with environmental characteristics and agricultural
practices by nitrogen balances, Korean J. Soil Sci. Fert, 42(6),
439-446.

Rosswall, T. and Paustian, K., 1984, Cycling of nitrogen in
modern agricultural systems, Plant Soil, 76(1), 3-21.

Salvagiotti, F., Castellarin, J.M., Miralles, D.J., and Pedrol,
H.M., 2009, Sulfur fertilization improves nitrogen use effi-
ciency in wheat by increasing nitrogen uptake, Field Crops Res.,
113(2), 170-177.

Scolow, R.H., 1999, Nitrogen management and the future of
food: Lessons from management of energy and carbon, Pro-
ceedings of National Academy of Sciences of the United States
of America, Natl. Acad. Sci., California, U.S., 96, 6001-6008.

Shin, J.H., Yoo, C.W., An, S.W,, and Park, J.W., 2014, 2011
Nitrogen Budget of South Korea Including Nitrogen Oxides in
Gas Phase, J. Kor: Soc. Environ. Eng., 36(2), 75-83.

Vestreng, V., Ntziachristos, L., Semb, A., Reis, S., Isaksen, 1.,
and Tarrasn, L., 2009, Evolution of NOx emissions in Europe
with focus on road transport control measures, Atmos. Chem.
Phys., 9(4), 1503-1520.

Vitousek, P.M., Aber, J.D., Howarth, R.W., Likens, GE., Mat-
son, P.A., and Schindler, D.W., 1997, Human alteration of the
global nitrogen cycle: sources and consequences, Ecol. Appl.,
7(3), 737-750.

Water Resources Management Information System, http://
www.wamis.go.kr/ [accessed 17.06.01]

Xing, GX. and Zhu, Z.L., 2002, Regional nitrogen budgets for
china and its major watersheds, Biogeochem., 57(58), 405-427.

Yun, D.M., Park, S.H., and Park, J.W, 2008, Nitrogen Budgets
for South Korea in 2005, J. Kor. Soc. Environ. Eng., 30(1), 97-
105.

Zhang, Y., Luan, S., Chen, L., and Shao M., 2011, Estimating
the volatilization of ammonia from synthetic nitrogenous fertil-
izers used in China, J. Environ. Manage., 92(3), 480-493.

J. Soil Groundwater Environ. Vol. 22(4), p. 49~59, 2017



