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Abstract
conducted real-time measurements of NH; at Samcheon-dong in Jeonju from May 2019 to January 2020. During the

Atmospheric ammonia (NHs) plays an important role in secondary particle formation and air quality. Herein, we

measurement periods, the average concentration of atmospheric NH; was 10.5+5.1 ppb. NH; monthly variations were
dependent on its source and meteorological conditions. The highest monthly average value of NH; was 17.1 +5.4 ppb in June,
which was approximately 2 times higher than in wintertime, with peak concentrations from late afternoon to midnight. The
increased NHj; level was influenced by agricultural activities and regional transport, coincided with the prevailing meteorological
conditions of extended planetary boundary layer. However, the concentration of NH; was decreased remarkably after the rainy
season and the concentration was maintained over the wintertime. When the NHj; level dropped down to below 10 ppb,
significantly different diurnal variation was monitored with two peaks in the morning and late afternoon. The diurnal cycle of the
NH; level in the period was dependent on the traffic emissions nearby.
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F7] A 2EE A/J3TH (Updyke et al., 2012; Behe-
ra and Sharma, 2010; Sharma et al., 2007; Erisman
and Schaap, 2004; Adams et al., 1999). Z|< ©]2]3t o]
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=T T} (Li et al., 2017a; Paulot et al., 2014; Zhao
et al., 2012; Huang et al., 2012; Lee and Park, 2002;
Sutton et al., 2000a). 7] &5 NH,+= &4HH,S0,), &

7] 84} GUAolE FeFS HIAE Ao HiHT
At} (Zou et al., 2018; Xu et al., 2016; Yuan et al.,
2006; Tsai and Cheng, 1999).
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A AAZCE NH; #iE%2 oo AHolA &
L 4F2 Ho|1l It (Warner et al., 2017; Kurokawa
et al., 2013). 20061 F=°] F NH; Hi&H2 16.1 Tg
o8 FAHUN, HEARET} SR RRE T
o] 2k} 50%, 38% 5 AT (Dong et al., 2010;
Streets et al., 2003). 2008 = Q1E 2] & NH; &%
2 98 Tgl 2 FAE AT (Kurokawa et al., 2013). St
=9] F NH; #i&%2 20144 292 Gg, 20151 297
Gg, 20164 301 Gg22 F3 51, 2014~20164 3
W7t Z7F FAE 2 THNIER, 2016). 2016E H=
NH; & WigollA s5atede Aol oF 79% (237
Gg & 7M =2 HlE= AL, 72 715 £
(217 Gg)ell ©Jzt A o = Yelstet

7] F NH,; 9| s A4S, AR o=2A
ERutTE 2015 5~99Y B2t vl= Z 22t 5 Gree-
leyo] WA}, Kerseyd] AlEA|HolA SHH of
7] % NH; 555 Zt2 11.6 (7.0~13.8), 55.1 (47.3~
64.2) ppb= WEFHTH(Li et al., 2017b). 2013~2015%
ZoF ¢k HdlE] t7] 3 NH, 55= 19.6+3.5
(2.9~123.6) ppb= WEFI T} (Saraswati et al., 2019).
20134 5~99¥ F<F North China Plain®] A&
Gucheng NH; -5t 36.2+56.4 (0.1~862.9) ppb Tt
(Meng et al., 2018). 2013~2014Y] o+ 2 Al5}o] 9]
EA2]Y (Fudan University) d7] & NH; s&+
6.2+4.6 (1~54.5) ppb, A= 2|4 (Dianshan Lake)l| 4]
O] NH; %555 12.4+9.1 (1~79.4) ppb, A4 A Y (Jin-
shan fine chemical industry park)ol41¢] NH; 5+
17.6+9 (1~79.3) ppb= SH = UTH(Wang et al.,
2015). TheFet g0 H7] F NHy= AAVSS] o
HE (NH,H o2 A o] nAHA] sk §3ke} o
7148 S PR = A o2 HAE I Qlth(Wang et
al., 2019; Saraswati et al., 2019; Ge et al., 2019; Meng et
al., 2018, 2017; Huy et al., 2017; Wang et al., 2015). L
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AeHEEE= P79 HA 8,069.1 km? (KOSTAT,
2020) 2.2 147 A0 & FAE o] 9t E6] Mzt
BofA AFAl= 20201 19 7|5 Q15 654,963
(KOSTAT, 2020) 2.2 7} Q1417F W= o] Qe A
Holrt. 2016\ NH; IS 1.1 GgolH, 1% 0.8
Gg, % 75%7F A GOl viE S = A o2 Yyt
T} (NIER, 2016). T3t FH|| FFAtgo] WEs o
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ol 75k glov, o AjEe S fE
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py (CRDS) (model G-2103, Picarro, USA)E ©]-&5}
12 912 SASIAAL, 1At Bt A=E 24 °]
sttt 24719 54 Hel= 0~500 ppb, 4 A
= A= 0.09 ppbolH, 72A417E, F EXF AL S A
0 ppbollAl Z¥ZF +0.15, +0.5 ppb2] 22}-&-8 ZH=t}
(G2103 Analyzer Datasheet, Picarro). olzzxlor H
NH; &4 Hl= NH; 578 3ol NH,E 525t
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Fig. 1. Location of the monitoring station at Samcheon-dong in Jeonju.
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A2 G| H 2 & (Global Data Assimilation and Pre-
diction System, GDAPS; 37 10 km X 10 km,
A2 70%, 431/, 129 A%)2 7P 7]E0] He B
Az SR BA7E (Lol AT AAE ez o
= e} (Park et al., 2017). T 2| 9-& At
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obA] i, It J o] T7] Q17| o
5= 2R 29 (Local Data Assimilation and Pre-
diction System, LDAPS; 3-ZVoll/d = 1.5 km % 1.5 km,
A2 705, 431/, 48AI3F A F)& o83t St
% (Boutle et al., 2015)+= 1l 617ttt =% (00, 06,
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Fig. 2. Concentrations of atmospheric ammonia in Jeonju
from May 2019 to January 2020: (a) Monthly variations, and
(b) seasonal variations.
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T} (Chang et al., 2019; Wang et al., 2018; Meng et al.,
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Fig. 3. Correlation of hourly averaged NH; concentrations with (a) temperature, and (b) relative humidity in Jeonju.
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uE, H] =AM 7} Al710]t} (Jang et al., 2016).
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Fig. 4. Monthly diurnal variations of NH; in Jeonju from May 2019 to January 2020.
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Fig. 5. Calculated height for the planetary boundary layer (PBL) by local data assimilation and prediction system (LDAPS) at
the Samcheon monitoring station in June and December 2019.
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Phan et al., 2013).
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Table 1. List of observed atmospheric NH; concentrations at different locations.

fnl

= 269

"

. . NH3
Location Period Type (ppbiStd”) Reference
Jeonju 2019.5~2020.1 Suburban 10.5%+5.1 This study
Brent 2013.6~2013.7 Urban 1~2
Kent 2013.8~2013.9 Rural Upto6 You etal.(2014)
2010.2~2010.3 24+1.2
Houston, TX 2010.8~2010.9 Urban 31420 Gong etal.(2011)
Ontario 2010.3~2011.3 Rural 4.7 Zbieranowski & Aherne (2013)
2015.2~3 1.981+0.93
Osaka 2015.7~9 Urban 421+230 Huy et al. (2017)
2011.5~2011.9 Urban UB 29+13
Barcelona 2011.5~2011.6 Urban CC 75+28 Pandolfi et al. (2012)
59+34% )
New York (Manhattan, Bronx) 2000.4~2000.6 Urban 224269 Bari et al. (2003)
Ho Chi Minh 2015.5~2015.6 Urban 8.34+247 Huy etal. (2017)
10.9+4.3%
Seoul (GJ, GS) 2010.9~2011.10 Urban 1231429 Phan et al.(2013)
Urban 6.2+4.6
Shanghai 2013.7~2014.9 Rural 124+9.1 Wang et al. (2015)
Industrial 17619
New Delhi 2013.1~2015.12 Urban 19.6+3.5 Saraswati et al. (2019)
2008.2~2010.7 Urban 22.8+16.3
Beijing 2007.1~2010.7 Rural 1024108 Meng et al. (2011)
North Plain 2013.5~2013.9 Rural 36.2+56.4 Meng et al. (2018)

standard deviation, ?Manhattan, ¥Bronx, “Gwangjin-gu, ®Gangseo-gu

oA 71 =2 He-S B3l 29 F A NH,9 &
&7} 13.6 ppb= 71 =7 UERE T o] 2K E =
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71l oJaf F2 JFE T2 Aoz A
A At M52 AZHEH NH; 555 ©]
&3to] AEE pSCFeF CWT 2dof 285} HjZ&
A F4oklrh (1™ 7,8). PSCF 2 k-2 A7t 3
T NH; 5§57} 17.1 ppb (90% H2915) 013l 3¢
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Table 2. Statistics for hourly NH;, other gaseous species, PM, 5, and meteorological parameters for each type of air masses

arriving in Jeonju from May 2019 to January 2020.

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6
Ratio (%) 12.7 26.7 8.1 16.0 18.3 18.1
NH; (ppb) 114 13.6 6.7 7.9 10.1 10.0
PM, 5 (ug/m?) 309 252 237 249 28.1 17.2
03 (ppb) 375 36.4 229 227 21.8 296
NO, (ppb) 16.3 13.0 17.1 17.8 17.4 10.9
CO (ppb) 406.1 377.8 291.7 306.6 3433 320.1
S0, (ppb) 3.1 2.9 2.7 238 2.8 2.7
Temperature (°C) 13.6 19.3 7.0 7.9 11.9 20.2
RH (%) 65.6 71.0 62.3 63.8 70.5 74.7
Wind speed (m/s) 1.5 14 1.7 1.5 13 1.4
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Fig. 7. Results of PSCF for spring, summer, autumn, and win-
ter at Samcheon-dong in Jeonju. Red color represents high
potential sources-areas affecting NH; concentrations.
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Fig. 8. Results of CWT for spring, summer, autumn, and win-
ter at Samcheon-dong in Jeonju. The color bar indicates NH;
concentrations (unit: ppb).
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Fig. 9. Results of CPF for spring, summer, autumn, and win-
ter at Samcheon-dong in Jeonju. Red color represents high
potential sources-areas affecting NH; concentrations.
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