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Ground and Airborne Observations of Ammoniain
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Abstract Ammonia (NH;) is a key atmospheric pollutant emitted predominantly from agricultural activities, particularly
swine farming, where it contributes to odor nuisance and secondary particulate matter formation. In this study, we conducted
ground-based and airborne measurements of NH; from September 2023 to July 2024 in Gimje, Korea, a region characterized by
densely clustered, naturally ventilated swine facilities. Average surface concentrations reached ~81.2 ppb, with consistently
higher levels near farms compared to surrounding croplands. Distinct diurnal cycles were observed, with elevated concen-
trations at night and early morning and reduced levels during the afternoon. Relative humidity exhibited a strong positive
correlation with NH; (R%>>0.9), while temperature effects were weak, suggesting that high moisture conditions enhance NH;
volatilization in livestock environments. Airborne measurements revealed substantially lower NH; concentrations aloft (5~23
ppb) than at the surface, with seasonal differences linked to boundary layer dynamics. Source apportionment using conditional
probability function analysis confirmed that local swine operations dominated NH; emissions. These findings highlight the
persistence of high NH; in swine-farming regions, its sensitivity to meteorological factors, and the need for targeted mitigation
strategies to reduce odor and secondary aerosol formation.
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2 gldo] mjd F7lske=
474 o]tk (KOSIS, 2024). 53], NH;= 1A 4717t
T Ot 57 2 AEH deks Yo
= A2 285 4= QIt}t (Kumar et al., 2019). T
2t 7] Fol A AAH(HNO;) 9 B4t (H,80,) 52 AF
7k 20 W3- Sl AL R B (NH,NO;), 24tet

= pu
B35 ((NH),80,) ¥ &2 0|2 F7] njHHAE 34
Sto] AEE PM,s @740l 71998 & Sl Aoz o

2 & ¢Jt}(Seinfeld and Pandis, 2016).

A AAA 2 NH,9| HlE2 1970 o] < ]
2072 Frlstelon, A MiEd F 70%7 54
o)A HAYsH= Ao R B HITH McDuffie et
al., 2020). CAPSS (clean air policy support system)]| 4]
AR 20228 =7t 7] @ F viET ARl ofstH,
= NH; Bl&% 5 2F 80% ©]4 (202,443 ton/year)©]
Y FamollA EAE A 0= eI THNAIR, 2024).
I1% 7t5 B 371 9F 92% (186,502 ton/year)E
225k Ao w UE o, 53] Hix]oA] WAyt
£ NH,7t 9F 42% (78,966 ton/year) 2 4, ¥ 5 T
50 Hlol =2 HFE Hol= Ao= YEhyth

7] & NH; $&+ 2|94 54 4 vjEdof ot
FolsA ERxsh= AFE Holn, 53] 4 Ho
A ezt BaE|ojgitt 20209 39~20211 24
FHEE B A4 = BHAGANA B=
H ¥ NH;= 242 85.3 ppb, 62.9 ppb= H L th
(Jang et al., 2021). E3F, 20209 6~12¢¥ HHEE A
SA] T SAER] A THA B AB-E 2 (passive sam-
pler)E 53 A ® d7] F NH; 5=+ 37.1~161.1
ppb= LFERG T} (Park et al,, 2021b). 20134 5~9Y F
= Gucheng S4HA]|olA] AAZF NH; Bt Tk
36.2 ppb= TZ= % 2™ (Meng et al., 2018), 20094
19~20199 129 o]& 3]0} Bertonico SATA| F oA
of 107t 7|53 NH,; B+ T+ oF 41 ppb=
L}EFS T} (Lonati and Cernuschi, 2020). Li et al. (2017)
< 20109 5¥~2015'd 99 H|= Colorado 42| <
ol H 61.9 ppb2] H7] F NH; L2 WH=35}
Atk BHA, B vl E Qo A= A A o2 W2 NH; &
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=7 RO 20204 6~12 HEEE AFA &
A2 oA B4 13.1 ppb2] NH; =7t BHEHS
O ™ (Park et al., 2021b), 201414 5€~2015 62 =
Shanghai =44 7.8 ppbE H1H H} Qlct
(Chang et al., 2019). 20101 11¥ AH Q] Huelva A4
2o A= 11.6 ppb2] NH; 57t YEFI T} (Reche
et al, 2015). 5| FAFA] Aol A] Bl E 5= 15 = NH;
of ot ofFof thgt Wl wid F7kska glow
(KOSIS, 2024), NH, 2| dA4F Hgto g It 1135
PM, ; AAo] A|&A 072 BIET o (Kim et al,
2023a). o] A S4t HiE- oA NH; T of digt &
2 HAF F7FskAL Lo, o] 91RF A7IR 27
A o[l FE7E Aol
2 Aol 202395 H 20248717 AEER
A7) 4] e A o] B E HEEEAA
(oot MeEL) AAA AWM 24 F A5e
NH; A7 52 F3hsk3deh 5 AAZE Hlo]
S % NH; &0 A7hE 2 Add
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NH; & X E ZAfste] 4
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AANZ 7] F NH; 5 9 7137 EE 2023E 9
E 22U EE 2024 7Y 497HA] AR AAA &
A W ZASA FEart AR A AEE
(712 2023 9 229~109¥ 109, AL 20234 12
Table 1. The measurement period of seasonal ground-level

NH; concentration in naturally ventilated swine farming area
in Gimje.

Season Measurement period
Autumn September 22, 2023~October 10, 2023
Winter December 5, 2023~December 28, 2023
Spring March 29, 2024~May 4, 2024

Summer Jun 5,2024~July 6, 2024
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Fig. 1. Sampling location of the livestock area in Gimje, South Korea. The light green dots indicate the number of sites. The
light blue and orange squares represent the locations of site #1 and site #2, respectively.
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(MDL, minimum detection limit)2} AL E (1o, 15 &
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Fig. 2. Flight paths of airborne measurement conducted over the livestock area in Gimje (The red arrow indicates the flight
direction of the C90GT aircraft): (a) entire flight paths (white, green and yellow line) from the Taean airfield to the livestock area;
(b) enlarged view of observation area (blue area) for spiral flight path (green line) and zigzag flight path (yellow line). The spiral
flight path for each altitude (from 1,500~3,600 ft) was flown in the same way as the green circle.
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Fig. 3. Seasonal time series of hourly averaged atmospheric NH; concentrations and meteorological parameters (wind speed,
wind direction, temperature, and relative humidity) measured in the livestock area from September 22, 2023, to July 4, 2024.
Data are shown for (a) Autumn, (b) Winter, (c) Spring, and (d) Summer. The yellow shading indicates the period during which

flight measurements were conducted.
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Table 2. Comparison of atmospheric NH; concentrations at different locations.
Location NH; (ppb) Reference

Livestock
Gimje, Korea 81.2+75.1 This study
Jeongeup, Korea 55.8+21.1 Oh etal.(2021)
Gucheng, China 36.2+56.4 Meng et al. (2018)
Bertonico, Italy 41.1+4.7 Lonati and Cernuschi(2020)
Kersey, USA 61.9+10.1 Lietal (2017)
Boryeong, Korea 85.3+78.7 Jang et al.(2021)
Hongsung, Korea 62.9+69.6 Jang et al. (2021)
Beijing, China 37.0+17.2 Xu et al. (2014)

Agricultural
Quzhou, China 31.2+95 Xu et al. (2016)
Buan, Korea 239+11.2 Kim et al. (2023b)
Chongming, China 23.2+57 Xu et al. (2020)
Piadena, Italy 22.1+38 Lonati and Cernuschi (2020)
Wangdu, China 31.2+24.6 Liu et al. (2023)
Gochang, Korea 16.8+5.1 Yu et al. (2024)
Urban

Jeonju, Korea 109+4.8 Park et al. (2021a)
Shanghai, China 78+29 Chang et al. (2019)
Cremona, Italy 9.7+26 Lonati and Cernuschi (2020)
Chengdu, China 13.2+4.8 Huang et al. (2021)
Tianjin, China 15.8 Shietal (2019)
Ho Chi Minh, Vietnam 83+25 Huy et al. (2017)

Roadside
Seoul, Korea 123+4.2 Phan et al. (2013)
Shanghai, China 17.2+45 Chang et al. (2016)
Delhi, India 19.3+44 Saraswati et al. (2018)
Beijing, China 18.2+6.6 Zhang et al. (2018)
Gyeonggi, Korea 19.6+6.2 Yu et al. (2024)
Miinster, Germany 17.0 Ehrnsperger and Klemm (2020)
Dakar, Senegal 21.1 Adon et al. (2016)

Industry
Pocheon, Korea 16.0+3.9 Yu et al. (2024)
Beijing, China 11.3+6.5 Wei et al. (2015)
Shanghai, China 17.6+9.0 Wang et al. (2015)
Taichung, Taiwan 23.2+85 Hsu et al. (2023)
Jeonju, Korea 134+7.2 Park et al. (2021b)

Background

Gunsan, Korea 4.8 Park et al. (2021b)
Moggio, Italy 46+14 Lonati and Cernuschi (2020)
Ergun, China 4.1+36 Pan etal. (2018)
Briggsdale, USA 42415 Lietal (2017)
Yanggu, Korea 1.71+£0.96 Yu et al. (2024)
Southern Indiana, USA 1.0£1.0 Hansen et al. (2015)
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