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The Effects of Reactive Nitrogen (N,) Compounds on the Acidification in Soil and Water Environment
Ecosystems and the Mitigation Strategy. Cho, Youngil* (0000-0002-7103-6313), Hyesoon Kang' (0000-0003-
3476-4570) and Eui-Chan Jeon? (0000-0003-2783-4550) (Department of Integrated Environmental Systems, Pyeong-
taek University, Pyeongtaek 17869, Korea; 'School of Biological Sciences and Chemistry, Sungshin University,
Seoul 01133, Korea; *Department of Environment Energy and Geoinformation, Sejong University, Seoul 05000,
Korea)

Abstract  The increases of industrial and technological development and human activities have disturbed
the balance of natural nitrogen (N) circulation. These phenomena have induced that large amounts of N are
to be present in excess in air, soil and water environment. We investigated the effects of excess of reactive
nitrogen (N;) compounds on soil and water environment ecosystems through literature and case studies, and
suggested the strategy of mitigating the acidification in soil and water ecosystems. N, moves to air, soil and
water media, can be converted to different types, and interacts with other chemical compounds. As an efficient
N management plan, the evaluation (application of monitoring and safety index) and the chemical restoration
(research and development) of the acidification in soil and water environment ecosystems are required to
minimize the effects of N; as well as policies to regulate the various emission sources and amounts of N.
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SR dazRe WAEE AaAkskEe (20009 oA
742 50009 & o]} 3] SISkl )lon, vjw YAt
OSRRE WYEE 49 7 198049 o] FHE= 7500
g E oo ® FUIshal Ahal AF 3T whEhA, Ak
ol A%t e Aao F AT AdHd da 1
R ol LR I FFHA He TS dEd
3L Qe o2 QI He) o WA HAsEe] AHA
9 AMETFA o 98-S F31 Qth(Sutton et al., 2011; The
Ministry of Environment of the Republic of Korea, 2014d).
SA7IE F7H o7t 7oA HE 5o AFe= <
ke AaskelEl B2 AF B AR B
& EgY st A- Y gt sk 2
(H= AR B B 23 9F §)& FETH(Cho er
al., 2009, 2010). o]FA A H ¥4 F2RES ©
& Ee S AR5t HiuE fEE=d ol By
A9 s FEgstet A5 WAkast,
FIEHY =% T 5= LSt AQ AHAY A
I AEGFAE FAE 28kt (Galloway et al., 2003;
United Nations Environment Programme, 2007).
20119¥ IPCC (Intergovernmental Panel on Climate
Change)2} EPA (Environmental Protection Agency) X1
Aol m=w, AaekEo) TAYS WEEHe 719E0
2 FES Fuste BASEYS W ASA, AR
oL disf Suete] AaeAE AT A F
5652366 tonyr o] FYUE I, 1425371 tonyr 0] &
o] 4,226,995 ton yr ‘o] &= Ao 2 et (Shin
etal.,2014). 0] F A&7 Aoz AT Ao FYT
AR R O] §-&0] 217 10%2} 29%5 AR 3EAL 910
AaAelzS 2ot Aoy r AlEe 2o s ddEn
OECD (Organization for Economic Co-operation and Devel-
opment) GFE5A) AT A Afel J5hE Pukete
3 dasA Axs 199090A 19929744 B 215.2
kg-ha™', 2007 A 2010W7kA] B 226.4kg-ha ' 2
oF 5% 7t oH, o] A2 OECD ¥+ F 7MY w2
29| 27185 YTt OECD B#2|Ql 61.5kg-ha o
Hl3j 3.74), S-2uhetel w9 ool W d&9 1802
kg-ha™'o]] H]BIAE 1387} & Z4=Fo]t}(Organization
for Economic Co-operation and Development, 2013). 24
o] FJFsrt AL} Eohddol vAs ¥ F
2 54 AEANA o]RoiH e, 24, A4, ol&tA], &
EA], SA19F A, ALGAE, A AEA, ==

. Mo|&t

(had

H>

3 £ FREV A4S Ao 2 et (Bobbink ef al.,
2010; Dise et al.,2011).

A0 3] Kotz Qe AETHYFY Aas Ad &
Aol AL HEste A3ke FAES ¥ By oy
2t A7 AEY AES A Aot bt A AH]
28 AL YN YEHY 2AS gFo] B
st TRelE Aaena dosed] da g Rl
AR BERE AR Wolgieh. & ATE He] ut

$4 AR B X B B3 AA WA 9
P BES B 24 R BISHL, WS WATAE
g AL vm By, Boe] Mgy YaSFER
Qs WYL EF U B I A AH JTFL

1. ESYENA

sale Eoke 7t A flElo] 4 Bl &
0 ool e gepol Hof Autaln) eafo] Fuwc
of EARY] Aol WA st EFo] AS HH, &
3k 27} w7o] wjeh chekgh A ARglo] FAEo] Aw
2o Za, AEHA &, o7l AAERA T SEY A
7 HE ZAE 2 st vk B 279 pH =% o]t
2 E9F9] pH7| WolA]E= E9F AHAS)(soil acidification)
= AMEIR Y AJH], E9 2, A H ¢ FeEE Y Y,
Al g9 JEZF T T Aol o8l A7zl AA
gtk (Lee er al., 2011). AFH A AR of 93t = 6574
ZAF A9 9] A E) Hat pHe 50013 em, A gHo=
£ 22 gEAe 2UA DAY 8ok Aelo] W pH
£ 83T, 109490] 244 2le] 3797} pH 50 olahsie
U 200690ll= 657) AL AY F oF 49%7F At A
& AUEY T ez SuHn it o2 ey
T} (Korea Forest Research Institute, 2015).

pH 65914 4.5 Afo]] fFagEo] FFL o|F+= EY
9] AF 5L ol 21T (cation exchange processes)
o 93 o]FoX|H, FAAE Ca’’, Mg ER A FE o]
o5 oleEe Adtole U Faboled 2L LolLE
I} A EFollA EE ] EFY pH7L At B0
A SHEITE (Cho et al., 2010; Sutton et al., 2014). 1=+ +34
X 3= Hubbard Brook 7|4 e] A5X 9 2] 4HJ3te A

o ol2= FHY Tt AR oA dad) Hjo= Q)
59 FEwALEFO

AR o £UEE 33| R 7MEE 444
OFE E ]2 (input) ol A Y& (output)E) = oS Wl ZE; Lee, 2003)
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Fig. 1. The effect of acidic deposition on Al mobilization in soil, soil solution and stream water (The Ministry of Environment of the Repub-

lic of Korea, 2015d).

Table 1. Effects of acidification on soil ecosystems (Korea Forest Research Institute, 2015).

Soil characteristics Responses

Effects

Basic cations

Eluviation and Lack of Ca**, Mg**

Decreases in growth rate
Early defoliation and phyllomorphosis

Increases in Al toxicity

Al Imbalance of Ca: Al

Destruction of root cell
Decreases in root regeneration

. T . Decreases in bacteria
Acidophilic microorganisms

Increases in filamentous fungi

Decreases in organic matter decomposition
Increases in plant pathogenic fungi

Y AHA Y] EFF ol et A3 A& &= W
AT A pH 50 ofStel M HEFEE BojE T of | F
&5ABHEE 2 (9 AIOH)) $31%)7] % sh=e) (Fig. 1),
dEoz 248 Ad gR0E @A) $EF BEF &
Z WA F7}3It}(Cho et al., 2010, 2012). Table 12 &
& AHEtE Q% B Hste] ST AHA s B
o]F 11 9Jt}(Korea Forest Research Institute, 2015). T3t
pH Zh2E AABkIY S Waste] B o ghmujote] &
g oI & Qlom, B ) £71219 Balge] ¥
of AHd3ste EdolAe 71820l BE ol A H
WA AlEFol AA 8Tl Ha F B & pH
o &tz AEFS2 ARHAIA "tk (Van Breemen et
al., 1982; Ulrich, 1983, 1991). B9 U 1s=9] 4=y o}
7h EAE A B2 1Rt AEFA =40l U
), Az FeEjshAQl F7F, Al A3, Nerich ofw| =4t
o] £2, BA ofgt & Wol 52 AT 4~ UrH(De
Graaf et al., 1998; Paulissen et al., 2004; Kleijn et al., 2008;
Van den Berg et al., 2008).
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2. e A

sholt o] %
24437 %) HEE

ox. o |r

3
t}(Kim et al., 2002). =3+ Z7171] 7|4 A (o, &
Aol 9 gHtol2)or Qs A& AbE
(Acid Neutralizing Capacity, ANC)¥} pH7} Z+43}aL
GEFA LT E (AN F=7F Sk @A =9
37 A" Aol YRt (Driscoll et al., 1996; Cho et
al., 2009, 2010, 2012). ANCY] ZHa+= +EZ9 d455Y
of &, LAY A A 29 AFFYS FEAF o]

A

HARE o|usfEs FRA o122 Bt BANEE
S A B9 gz =t pHE #A2A7]= ALE  ¥2 &
£o FA 0|28 YHIE BHEY AHAL Ay
slo} st 7 F kst (Sutton et al., 2014). B3 &
o WHTZ EYFL BTN A9 Eol 8 A
F2:9} 2A19] 44317} Lrehd 4= 9Ih(Cho et al., 2010).
ojo] G498 4HMStE ofF AEAY FFE FiL EUl
A 8§29 ¥2olEe] S40| 21719 obrtulg A3}
of HEHAL TS0l AT BI/VF AL ATE 2
#stA ot (Driscoll et al., 2001). Fig. 2(a)« 2yt &
HRA agE GAoleI} huiolee) FEE et
W AR T 1547 REE FAANE AFE HojEe
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Fig. 2. The yearly mean concentrations of NOs~, NH." in wet deposition (a) and changes in the annual average pH in precipitation in Korea (b)
(The Ministry of Environment of the Republic of Korea, 2015b).

Fig. 2(b)= A&, 75 2 AF nakg] g 7eeo
35 Hoja %10”4 ARl A&9] 7% 19909
HHEE APu| R Hold pH 5.6 0l3t2 Z2H A
Q.

Shme] W vl go] Z7bsko] LAl ekt ok
s A2 o Qo] W& NPl 13: 18] Aol B3] 161
A ZASANE S, ShoF WAL 271E o] e A
Zoame Wagopael WA oo HE Wste] me}
AR S AREE 9 A 47 HetT FaAes
B4R £5 % BEE FFS AAE
tH(Kim ef al., 2011). 3|49 A4 %7} Zvlsts Yl
% shie S ARE HEAY F7IEEol EeiE o T
Aot Ao 7] F el S7H7] dZelw, ek
AEo] 7] & AaE 1A= st 7’-?—01] 4311
Moz guE AAv} HitE SYHIE Sh
oz da vt Frkstd 9279 A 5
sEnge AH 21 27l 4 W &
2A|A oo 77} A435A "} (The Ministry of Environ-
ment of the Republic of Korea, 2014b). I3+ AWHA Q1 djj4=
o] W4t pH 8.2HTh Holx|A H= A4E AR 3
9FAFAI 3} (Ocean Acidification)2; 3} 0]31?‘51— 32 pH
e Ao LA A A G Fasi,
o A4 9lat pHE MBH= CaCOs2 ZHO2 B
HIBEE (: Aoz, AA, s, B, =, 25, vt
A 5)9 AE 7S A AT (United Nations Envi-
ronment Programme, 2010). 3% A 3}+e] Fgk2 sfjoF 3+
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=
2 ol

TR
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=
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9 gl BAHOE G AR HF4F 24, 4
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1) EYar B

AAFHE BPRARAY Auzzo] A mf e
Sl3) 10¥inkeh EopnAe] Bt | AT BAFY
B7\2e) A3t Gostel £ - Aok k. ol AL =
FrAC B AWIF, EFeAY A AVYY »
N2, EFLAY Ao B AF, o GEF] B
W B B A} 5L X A7)

gheta gtk =9l

Aeide e EdedEd VISR At EGL
&4 Fol gt 7] g (2009 217K, 20149 26
71,20199 30713t L QEY A3A S 93t o|Pr S
A =9 W ut=EoF A3t A Ao gt 2Z | A A
& FESE 5, B nE A8l ug A ¢
22l 7§§}¢§ A& Al =3l Aol o= A E
7} AgArS Sdista ok ®=3 EoF AW A A
o7 (20099 151271, 2013 200070, 2017 3000
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Table 2. Environmental standards of total nitrogen (TN) in lake water, Korea (The Ministry of Environment of the Republic of Korea,

2015).
Standards

Classification Subject of application —
TN(mgL")

I Water quality level 1, Conservation of natural environment <02

I Water quality level 2, Fisheries water level 1 <04

Life environment Il Water quality level 3, Fisheries water level 2, Industrial water level 1 <0.6

IV Industrial water level 2, Agriculture water <10

V  Industrial water level 3, Life environmental conservation <15
(F5d, A %l‘“*xl ALTIEAY §) =43 Aeprla =24 &= sk FTALARY s394 2 - e T A
2 EFHARE BYS 5 AT =S A = AES TS A5 FURARY YRS $2 5

ke 2)\13} (The Ministry of Environment of the Republic
of Korea, 2009).

ujFe] A¢ SHusdo] og 271 oYt 1Y

2 23 AAHolD WEHA AT /)& ALS FEs}
™, SITE (Superfund Innovative Technology Evaluation) 3
239¢ £ SHEE 2xo] BF 7R 7% Hg
27k 7sE ABon A7 4re Il s,
=499 9 Deutsche Bundesstiftung Umwelte] X 3}
of dFaZt dAE Bl AF 2d SHS AT F3HH
AA 7 2 HLB7LE A A5 9l (Korea Institute of

Science and Technology Evaluation and Planning, 2007).

2) 2817 B
BARL 2oy EHdT 32), BB 9 SFER S
ABARAY 740 Gt spHT 540 B B AHE

[e)

[e]
10dntth HAA S (ESA T 7| EA S 2006~2015)
o st 1 B FAS 2AWHL 9IT(The Mistry
of Environment of the Republic of Korea, 2006). =%-73 %
grI2Ag M= F2 &9 &S AEsh] fg 3
7 71&2& st AE 570 (pH, COD (chemical oxygen
demand, 3}8FA A4 Q F18F), SS (suspended solids, &
), DO (dissolved oxygen, &4, | Aw4) &, T4
o A= 77l (pH, COD, SS, DO, &5, &< (total phos-
phorus, TP), &2 4 (total nitrogen, TN)) &Eo 2 LA}
T Qo wgh AANLET BT AEE 540 F
LW A= A QE UL Table 2= 24 AH &
A £ BESA 7| SFEE HOETH(The Mistry of
Environment of the Republic of Korea, 2015a).

Qo] AL 712 ulF 8~15mgL”, AHE 15mg
L, =Y 10~15mg L™, 2= 10~15mgL™", 24
8~15mgL™", dluf= 8~12mgL™", & 5~10mgL™' 02

. 2

0

Zi

71291 20mg TNL ™' (20134¢ ©]% 3458 LAt A
Y 7], The Ministry of Environment of the Republic of
Korea, 2006) o|3tREt} 733l +~27|&L sty Qo).
EZF OECD 3| ¥=¢Ql e AEgo}, W7o, “%P E’t‘ &2
Hplot S5 thEAle] B4 SaRe ANY WRs £2
4 712EEE 10mgL”, 272 EA9 AL 15 mgL
olsk= TS Qo] eltkete] 7| &Rt Wek(The
Ministry of Environment of the republic of Korea, 2014b).

gelfete o3 340 44 $HI1ES BN 9
A sEe g wiE 58 7ol don, AE BiEda
o A&ste BAH7IES sHHY AHYeEHS FYste] A
Aot qith T4 AT EAY Ag: W T Al
2 Az A H4 viESE7ES At gloen,
AEZ 4A o] FAA S, 7HA o, YA g, EAF o=
FEte] Hgsta 9ok 1997 RE = s49 HJgst
WAE sl Aol AFIAIG T, hE 2
S5 9l tsf FEa9 viE s8TIES A
£-3} 9tk (The Ministry of Environment of the Republic of
Korea, 2006).

M
R}

WHA e %—’F A g A 2] B3 HE A
Pt weh @4 FgEe] IAskE 3 (BE A, 7H

Ao, 4A9) Zl@‘,—‘li o] gEYolyd At 77
A ALE ARG E7IEAE LY HE7IE Az A
13}). Table 32 WPAIL HE9 A9E gryoryd &
&8t 7714 Aa9] V&S EE Bt @rIEA 22
HH7|E A2z A1) o] Ao #= AL, T35 A
A B 7k ExA ] ARPE AARE A ALY S
& R $AVES VSRR B Y o] 8o I W
£l o3 A=AHoR 60mgL™ o]st= FAISHL Utk
At s ek o AAA sfFeE AR B
3l 20009 s|FeHH o] AYFS AT &4
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HOH tﬂl-r J&EIH*H"ﬂ 3 ‘3}‘34,4\—@20‘&.0]
P ST (MBS A, F
AdhE Bl gez A 33}1 27 A7t 4
3 Y 47 (T, -, S, 7hhE
< BEs7] A3l SFRANYG A=E F718HTh(The
Ministry of Ocean and Fisheries of the Republic of Korea,
2014). 429 Hold $4 5F AV 2L A
LAY A4z] 2740 wet 5F 103mgL™ 0|3},
SH 1M06mgL™ 0|3}, 55 M 1.0mgL™" o3& 1998
S FrAtT A98-372 0] TAIHUT BH e =29 3
A U fde] S8 FS 2yt SEuesge A
oF W FjjF3l7 o] X|&AF o2 oFslE 1 Qlo] 2004 JY%F
e ahit EddEE| e weEr| 24 gl AEsts
*P%ij%l-r 7ZE e d=d wEF Tl A9 &
7 & MY HollA fAIEES Bdhs LATFH
A =3t AL YA TH(The Ministry of Land,
and Transport and Maritime Affairs of the Republic of Korea,
2012). 9AE At AFF A 1AL 200813 o A
2011¥d7HA]+= CODE Aoz FeEstgon, 20129
Bl 201697HA] 2@A] AAIZ A4} oz Sfd A
oltt. T Aoz FYUHE shH BastE (o,
T, A a5 FAGH7IE] nrRiEo A
ot @A &7 Tl FFe A= CoDY F<l

mlo rek ml

Table 3. Regional Concentration standards of ammonia nitrogen
and inorganic nitrogen in leachate of landfill facilities
(Management Standards of Waste Treatment Facility Ar-
ticle 42, Paragraph 1; The Ministry of Environment of the
Republic of Korea, 2015).

Ammonia nitrogen Inorganic nitrogen

Region

(mg L™ (mgL™)
Clean area <50 <150
Ga-area <100 <200
Na-area <100 <300

EHZﬂ"ﬂ Frafgt 2hehA] B*Q* °F7l il
AFE A ARSHE (SO 8 NOY) 9
ol et A AV By 2 S e ﬁﬂi dH A
t}(Cho, 2009, 2010, 2012). $-2|Uzt9] 729 WYl
7] AMARSHE O] A AR o g2 iﬁ 71&ola gl
ArAA A o] B E = AR ETF Fadstes S
B3 glout, AF U AFA AgFe S ) o
7] % AzsigEe] wgFe Z7kekn Qe Aoz yet
U3l QJth(The Mmlstry of Environment of the Republic of
Korea, 2015¢). SAMIE) A AEA Lol otdare ml7 s
seha QA7) E (GHAA A1) gt GRS Table 4] 1}
shiom, B, BG4 0 ARpe] 24 ARE) YALE
o sad Belo) AR Ex Aue) et A AE
2 ol8E & Stk &, BG4 Ca: Al H|7} | oo,
E9F9] ¢7]3x3l% (Base saturation) 20% ©|AF, X E9]
pH,ANC 2 A7} Z+2ZF 6 o]}, 50 peq L™ ©]4F, 2 umol L™
ojstz A2 wf 4 E AL o] FrE 5
Atk ‘I}EW ojfgt A FEEL olsfst A&HQ EUH
P2 Tl T2 AR (EY: pH, G7]123, ol 2
Y4 % 5 S (EYS AT, 5, 24, Aske, F
$): pH,ANC, Al;, NO; ,NH,", TN)E ZE3H= 22 A
Ao 2 715 4 AEUFAE FAE Hdl EA ol
Bk B0k AMSte A AEAY AR o
ofA 9 AL AR}A B g o
wehA Bhgd AadRMEY B Yo AT BEYY
A ZAS WAA 7L
3 = 59 ﬂ?—‘—}x* E°‘:§}7§ o] "asirt 53]
R A=A S 7] AHRA
JetEH Bk F8 FE(Ca, Mg 5)°] AL, 54

Table 4. Chemical safety index in ecosystems (The Ministry of Environment of the Republic of Korea, 2015d).

Categories Index Criteria Effects References
Soil water Ca:Al <l . . Cronan and Schofield 1990; Cronan and Grigal 1995;
Risk of vegetation growth .
Soil Base saturation  <20% Driscoll e al. 2001
pH <56
Surface water ~ ANC* <50 peq L™ Risk of aquatic life MacAvoy and Bulger 1995; Droscoll et al. 2001
Al >2 umol L™

*Acid Neutralizing Capacity; **Inorganic monomeric Al
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=3 9 FE5 (Al 5)°] FHE| 59 FAut Yol
ke e F0. 1 AT AR AL Fel)
45k} (Cronan and Schofield, 1990; Cronan, 1994; Juice
al., 2006). o|2gt 4AHHFY A Y] B} EF49
A3HE WAsH] Yall A7I1H R A4S el 249
T LAl gt 9 ot HAE ZASH AYH
AL HsiE Fassta S5 5 e AVdSEds
NeFstol o gieh. A7 SR dS NEsty] sie A
3 g3 A 9 A A Q] ¥R Q1A thEt 2 E
go| A =|ojof g},

S kg

e
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3. s18tx 29 M2}

Seuzte) A% 7] Abg AxslgrEel Aoz A%
AL A 2ol et ojsjet Ao] oby a5t
ok agelE 27n o) ey WasiEel Y
Aol BN Jge Hxokshy) 9 TheT 2L o
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BAA = EF Wl G971 Gol29 17, FEd F3HAE
I 7] F |71 ol vl st B W A4 v
E2 AT AFS 9 s Aol S 59 &
Aro] A A o2 vrgstA Hth(Galloway ef al., 1983).
71237t W AV B A AaREY 7]
4 AAE sE7F WolAd 7] A #49] ANCeF E4Y
Ca: Al Hlzo] A Ao, EF W 529 Aadt=
< ARA oz g3 = FEdo] o8 WEE o (Likens
etal., 1996, 1998). wehx] e A o] AFAA Q] 3Feha] H
< & A A @ ool 28HH, F7HAQ ff7] &
HE=E viEol et AL} FeA oA A ” Ao
ZastA 2 Aol

4,51 9 A £ AEAY AE A shekE £
o 27 Al 79 A W 471 22s FA7bste A
EY g7] A HAER T EF
BIE T3] ek BAE = Qo SellA A
EGT A w49 M A E T G71EE=e} A
BH5l= BS9 ANC= Fig. 33 Zo] k4] o
lom, f47] &4 (Ca,Mg ) & H7tek A4
to] &, AAito]2)o] AR BS9H ANC e
Itk AR 229 s 7] Soll HEEHe At
et AaASHES Al 7= Wkl n], g7] E49 &
tezs B E Ao |71 242 AA A7t
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saturation =

Cation exchange capacity

Fig. 3. The effects of liming on acid neutralizing capacity and base

saturation.
7] B4 A7IsHA, a0l o] Faste] B 7]}
w9} ool 25 Eo] J53hT Bt A pHI}
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Fig. 4. A flow diagram of a mass balance of pollution materials in watershed ecosystems.
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