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Characteristic of Atmospheric Ammonia in Swine Breeding Area
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Abstract In this study, the purpose is to collect basic data on the characteristics of NH; emission in domestic agricultural
and livestock areas and the distribution of concentrations by season, monthly, and hourly. Representative regions where
agriculture and livestock are developed were selected and the concentration of NH; and the meteorological environment
were measured for one year in the atmosphere. As a result, the diurnal patten of the two observation site was clear. In both
observation sites, it showed a diurnal trend that increased continuously from night to morning and decreased during the day.
Also, in the case of Boryeong city (BR), although the diurnal trend of spring and autumn was not different, the highest
concentration was high compared to other seasons relatively. This seems to be due to high concentration of NH; was
observed in agricultural land of the spring and autumn seasons. It was found that in order to reduce the concentration of
NHj, it is necessary to select an efficient management method through analysis.
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1. A 2 #] %)™ (Harrison et al., 2012; Dockery, 2009; Radon
et al., 2001), |- A Aol W= gjopo] A7
71 7k 2R AREUCHNHy) = AR 7% J3FE vX]= 228 B 5t} (Bhatta-
AL 0191A 5 o2 7] £o7 BERM Q7 raietal, 2019).
AEA Aol GRS PI-ITh NHy= S22l =2 S NH; BlE32 2015~20174 3@ 24520
75t A2 Bl = ]Oﬂ 7] FollA AAHHNO,;), = Z7FsH= A2, NIER (2020)%= 20159 297 Gg,
i (H,80,) 59 4 BT vEgSte] fRE 20161 301 Gg, 20174 308 Ggol BIEE itk 2
(NH, T 22 221 nAAAE BAsk= 58 A skl 20179 5S4 F29 7]oe= Sl
542 BAE QITh(Holt ef al., 2015; Wang et al,  NH; & HH%Ek 79.3% (244 Gg)2 ZALE 0] 7}1P
2015; Updyke et al., 2012; Sharma et al., 2007; Stelson =2 H|E2 ZFA|5FATE £9], 5 541 #ilE F
and Seinfeld, 1982). ©]2|3t 22} nAAE 357 A= ?3 el NH; HlEwgol F 93% (223 Gg)
Ak Addet T Ao ofgeke 7Tl e HIERE S4H9] HlFo] vl oo, W] 34.4%, H
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17.8%, & 17.5% +=0 2 F2 FX]E YERILE. o]
A FAF Aol A WA E= NH, 9] 7] =7t A7
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e 23 9 EAof tiet A= ofXo] HES A
ojtt.
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F5HA LrERHTE 2019~20201 AFEA| oA =
7] % NH; 5%& 10.5 ppb £502 ZH5
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12 ppb 522 LEFFTH (Phan et al., 2013). 2020
6~128 AFA| FAAGo|A] sfA B ABE (passive

sampler)E ©]-8-ot] &3 A1} 19.9~161.1 ppb &
A2 e} (Park et al., 2021). 2018 7~11¥ 16
F0] FE57E FA| BARNA T EAIRE7IE Al 1

A (A8 ) o® SA4E NH; 5Ee
140 £ 100 ppb =F2 2 ZH | It} (Jang et al., 2020).
20199 F=a7t 7ol FaFdd 716t A
oto] LU E S A} 4,190+
2,910 ppbE =2 =5 eI (Jo et al., 2020).
TIYUNH; =5 AARNC & RUEHEHR] 23tA
U @717 275k, ti7] & NH; 55 t#s}H]
ojel® 54 HaolA WSEHUH. I, AR
NH;<2 5.17}EH71 L ASEY EHof xZtEo] Q1A
oot & FAFR| o4 9] tj7] F NH; 5k, 55 &
717t AAZE BUE R A Aik= A9 HE Hf
ek E}E}H 2 “ﬂ?OﬂHh io‘ﬂ =4t Ol Ela=gs)

AZE 27 HAE ol 8

=
o RE S Yo 741@%, Y, A7 S
EO| 54 AL S asiect

2. A7 WY

URE 20219 29 28Y7HA &2 17 AATEO =
YE sttt RUEHE 713t 5 891 99 o] A%
upE Qlsto] Ho|e o] B8t} wot Ale] & £AIS
Sth. BR¥ HS7F 128t S H = 2=t 7]?: v

57 7P e 2oy, ghesTtet 8As T
Aol 3= g Aqog 5 S4to] g
3t tjEAJo] QIth (KOSTAT, 2020). BRO] -2 ¥H4 1
km oJWj Th=2] ZAH(15 57hH7F 91.2H, 53] 100 m
W F=s7t mie Dokl $121gkc) ELL BR
SAH 7% @& FEoR 542 (=2 D)7t ¢

OZi H

2%tk HS 9l 79 ¥H 1km o|ulol 2471 F=57}
7} 91 Ed] Y&} AZo]| Busly 9lon Byl

EEO 2= A7 YA (™ 1.

NH; 5% 5742 Cavity Ring-Down Spectroscopy
(CRDS) ®A1e] =4 7] (G2103, Picarro, Santa Clara,
CA, USA)E & 08}%4. NH; 57471719 f4++=
Teflon 54 (PFA; Poly Fluoro Alkoxy)& AHg-5to] ¢
AstH o, ? 4o ]“ oF 4 m . ofuf, Aol F
7HAQl SIEE AAsHA] kgt ol8A oz, 577

71¢] ekt 542 s U Cavityd] =5
45°CZ FA|5loF 5} (G2103 Analyzer Datasheet,
Picarro), & 9] &4 7|7t 52t CRDS Cavity9]
LT 9F 450+0.0°CR SA|E o] =4 A= AlF
o 4 ot WSt NH; S42 AARE 229
453 l)r 71/ gdlolef ool FAe fIske
1AZE ic? & 2Hbsto] Z40f o] 853tk

NH; 5% 1 719] B RYE 713 et 7
BAHANA BE7FAE o5l sttt 7]
WS Y5 TLE F7] (Rigas 99.999%, Daejeon,
Korea) ¥ ¢t&Uo} ZF7EA (Rigas 25 pumol/mol,

_ -1])1‘

N e

Daejeon, Korea)E mass flow control (Brooks, 5850E,
USA)E ©]-85to] 34 (10~500 ppb) 3l & 33] 4=~3Fs}
FAL R? 2 0.999 ool et 7154 (25, 8
&5, Z35F 7]9hHe A=71AY (MP650, THETA
instruments) & AHESHo] 1A]17F A 2 o] FolH o
o] A Zh= 3l 90% °)de] itk
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Fig. 1. Location of the monitoring station in BR (A) and HS (B). Black square: monitoring station, red dot: swine farm.
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ZAFH] Ql5te] A AZE o] Statistical Package
for the Social Sciences (SPSS, version 12.0.1)E ©]-&39
of SAEAS AAIsHITh 241 HlolE el Shapiro-
Wilk test®} Kolmogorov-smimovs A5t 4173
AL $F8HATH(p>0.05 FEE 7HY). BE 1
T IR R 7P QAL whebA] vl Rl
spearman’s rank correlation method2 AT HAE =
ZSFATH(p <0.05; “1 ZHSHEA ).

3.2 o

a3 2% 7 1%1114011*14 NH; §, 718 H1
A= quft‘r 1d 52t 54
o NH, %55 BR 85.3+78.7 ppb
+49.6 ppbE BRO| NH; =7} Atz o

gtﬁ T 299 Pl 5= 74.1+64.2 ppb
91‘4’- =74 7|17F ot = 2] o] dE ATk

3.1 EENH; SE 22 A 7|2 5._ 3}
.71
L==Ne)

= rﬂ
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ppb) > 114 (102.4 ppb) > 5% (94.4 ppb) >4H (93.5
ppb) > 12 (92.2 ppb) > 64 (88.7 ppb) > 7€ (76.9
ppb) > 3E (76.7 ppb) > 2& (54.5 ppb) > 14 (48.5 ppb)
o2 =7 UelEth H1sEE Hel 1097 A
FEE B 192 264 o] Fk ztolE Hrh
HS9] = 69¥(77.7 ppb) > 128 (75.9 ppb) >2€4
(71.4 ppb) > 119 (69.7 ppb) > 5% (60.3 ppb) >3¥
(59.1 ppb) > 79 (56.1 ppb) >4¥Y (55.6 ppb) > 1Y
(52.6 ppb) > 10 (45.8 ppb) &= 2.2 =7 ALY,
s Bl 69} HATEE Al 1082 15
v AE 9] 5k 2fo]E H itk BR 5% H3 M7}

Adoz 90, 1 2 HASLE Kol ZF Yat
o} 9 AgkA o] EaslA ZFo|7} glo] 1 Yol B

o] @ asjr.

25 NH; Tl 2Hd o s g3 vA 71
o] 4%3He NH, S22t 37Hhe Aoz geld 9l
T} (Chang et al., 2019; Meng et al., 2018; Wang et al.,
2015). HS9] 73-¢- 3~64 7]20] A5l w2t NH,
o] 557k Z7hoHe RS 2 5 AT, BRY B9
359 £% 7t ST} daske Ao 1
Ebd . 53] 7]20] gotAl= 7€l BRI HS F 4]
o B NH, 27} Pashglit], ol 442 g
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Fig. 2. Variations in monthly averages of measured ammonia concentrations (A) and meteorological parameters during the
study period. T: temperature (B), Rh: relative humidity (B), and wind speed (C) for 2020 Mar~2021 Feb. Error bars correspond to

the 10 standard deviation around each mean.

MAHETE NH,
(Wang et al., 2015). =3t 10~11E
HSoll H]5f] oF 28 =2 FEE B3, ol =7
of g & WA FAFAES 275k lﬂ**ﬂ
oA LA O 2 NHy2 ZIRE 714 2 42
7| ed=4do] v viEE A2 AR E T (Hays
et al., 2005; Olivier et al., 1998). J12L} Aste 24
A7 Holl A 9] siA o= mAHA] Fx 9 &1etA &
459 F7HAQ1 A7t Zasit

Fro] FFE X Ao= Helrk
BRY] NH3 B

3.2 UtHS} A (NH; & 7|l

AT 717 B & BEAYY NH, 55, 712, A

S, 71, 59 odRist A Ja 30] =213}
skt #HEA 9 7]-2-2 BR 9.9~16.8°C, HS 8.5~
17.7°Ce] WIS Yetliglon, 1341730 1L,
A (24~5A]) Algbel] HALEE GRS A
H 9] 749 BR 57.6~90.1%, HS 56.0~94.1% HH=

ZAEoH, 7|23 2 1341739 FAS
Helct dhdof 25 % 32 BR 44|, HS 22/\]12._ =
A=)t ££0] AdHSH= BR 14~3.1 m-s”!, HS

1.1~25m-sT 2 et o = A2 B 1447
of FHthE4;, 22~24A] Atolo] HAHZTEHS 7150

ok 7194¢] 7% BR 1,014.2~1,015.9 hPa, HS 1,014.1~
1,515.8hPaZ AW} FE]2] oF1 T TS|
o] fAkshert.

HEA9E NH; 55T+ BR 44.6~154.2 ppb, HS
34.5~100.0 ppbE ST}, F WA O] NH;2 &
A 7~8A 7P w2 T E HYoH, o] Tt Y
oFA 164 7HE W2 FEE 7] ESH3Ieh AAIA Q1 A
WL HNE ol A7k NH, BTt A%H0
2 3715ITp} 9% olF w7t st Hom
eRdeh ket A9 o] dEw 9F olF sle
A3k @A 7173 415 (planetary boundary layer)©]
ST, 42 Tl WSl NH, Ol S50t &.F

Sh=i7 | EstE|X| M 37 H H 6 2
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Fig. 3. Diurnal variation of ammonia concentrations (A) and meteorological parameters during the study period. T: tempera-
ture (B), Rh: relative humidity (B), and wind speed (C) for 2020 Mar~2021 Feb. Error bars correspond to the 10 standard devia-

tion around each mean.

o] Z7}et= Ao R WuE Y 9tk (Shephard et al,
2019; Dammers et al., 2017; Wolff et al., 2010). 121}t
2 AFofA = v = g o & IS5 =T, Zoll
et al. (2016)-2 7|A1A 7|7} o] Fo] 2= 2]&5H <
HiE o] &2 Al ¥F F<9He] NH; & F4of o)
op7|e 4 kil B3It £36] BR A
o] Q1 100 m ool F=57HF f1AI5HH, NH; 0l
o7 HjEEI glo] ol g FFo= wet
ot ESF Walker et al. (2006) X} Wolff et al. (2010)-2
o] oby FH FBAIU XA ti7] To&
H AE T 0] NHy2 THEste] & #Ex] /) 574
A% NH; ko] 93k vzl Aoz Helr,

Table 2= NH,;2} 8 71/4SH4 79| A
B4 Astol, 24 A £ =49 U] 3 NH,
e 2, T 29 A, S, 71
= qHoz Qe 4,
A& NH; 5=} 2.7+

I5EE

2%

Table 1. Correlation analysis of between hourly NH; con-
centration and meteorological parameters.

Parameter T RH P WS
NH; (BR) -0.633** 0.752* 0.682* -0.451**
NH3 (HS) -0.708** 0.610** 0.685** -0.615**

T:indoor temperature, RH: relative humidity, P: pressure, WS: wind speed
*p<.05,**p<.01

HH o7 AyEe] Bt o2 283ttt (Zhao et al,
2016). 1A Y 7] F NH,2 FH #jE&do] 5 ¢
A, 71 e A S ekt 2AE o HEot H-9
FBZ 5k 7S fleiAE At 9 mekg F
st a2l T HHES Agste] ke Ao
Ha3hE AAFSITE

3.3 7Y NH, S 2ot Uzt B3

7k P& A ASE NH, %54 Wl E4S 7
A517] flsll & (3~5Y), oI5 (6~89), 7F=(9~1149),
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Fig. 4. Seasonal diurnal variations of NH; in BR and HS. (A) spring, (B) summer, (C) autumn, (D) winter.

A& (12~29) 2 A oJsto] 17 40 Uepi it AlE
¥ 24 23 BRO| NH; B s=€ 7= (115.1
ppb) > & (88.7 ppb) > ©-5 (82.7 ppb) > -2 (68.6
ppb) o= £/ UEhton, 7Rt Aol of 1.7
o] 55k Zfo]lE Helrh HFH HSO| -9 o5 (66.6
ppb) > A& (66.0 ppb) > 712 (61.3 ppb) > - (58.4
ppb) =2 & EA SAHE U=t AEE Zo]7t BRO|
H]5f m-- 2ttt Adg dAtolxe sl SAFERA
9] NH; Bs =S 72.7473.6 ppb= HII5I3 O
o HSO| 7% frAREAL ofE WA Uelhktal BR
3% 7FS Allskal fAFSEAL ot EQkTE (Park
etal.,2021).

ZF AP S NH; s e F BEA] L5 7~104]
Atolofl yebgtom, dmst ek =5 w9 FARH
o} GREA 02 NH;2 o548 2 55 Hole
Aog HIET QO (Xu et al., 2019; Pan et al.,
2018), BRO] 7% 45, 7H=0] dwis} Fk> g oLt &
VL7t ohE Al Hof ddiFor £& How

A ol LM =] NH; HjEe] &

o|FojA & FUMAE H A Hr|Eo] Wit &
Z] 5 Rt & AJHIE H=o] 23
Ao/ 7ol EYO sEehdel Tt NH; FHI=
7] o2 Tt (Liu et al,, 2017; Kim et al.,, 2016).
mepA] BR 2|k of2fRt FFo s &, 7 NH; 1L

H A= 2020 3¥~20219 2¥ -4 A Y
Q1 BRI} HS A|FolA th7] & NH; 5% ¥ 71484
AAEe 2 By syl W=713t F¢ NH
5= Z}7} BR 85.3 ppb, HS 62.9 ppb= BRE]
NH; $&7h diaor weka St HSS
3~6Y 7|20 Fsetel Wt NH, 9| 5=7F S7Fst
%4, BRO| 7% 3~59 AE FLt SUFI A

o o ro




sh= 7o Urehtth B3 7l20] ol 74
BRI} HS B NH, $27h 24k, ol 3%
2 Qg AHAVE Q15 o Bk £ P2

o awlat AL FesH ek T 54 B
NH;2 7~84] Afolo] A5, 16470 HA55
2 712 5to] W H 07 A%H 0 2 Frts}
ol st Aust AR B ol 5t

o o=

NH; 9] =43} OT—E— ot s A0NA FE R F=
FEFe & Aoz Hlrh 9 HiEd 2ol NH;
EE 2k, %éﬂi =2, AisE, 719

NH; B 5EE 7H2(115.1 ppb)>—‘§(ss.7 ppb)>
o2 (82.7 ppb) > A2 (68.6 ppb) =02 =7 Lyelyt
o, 7k Aol of 17419 Tk Aol E H itk
BRY| ¢ &, 7F&o] YWt A gou Huw
=7h o Al vl iAo 15 glom, o
= }_—_7]_% L.-_ol FQ-ZH m /\H_QJ- n] ]EJ 7?31]. i;‘d
AJHE Bl g0l A S E NH, 9] d3Fo = wetsch
NH; 7HH 24712, oH3E4, nAwA] H4E
A2 g7]de] FFE vA= Aer BiET 9]
Jeu 7] F NH, 5%, 59 A7 AAIRE EH
BlE A7 At A9 B H vf glrt. v & 1d7te]

5 ARE 5 FUA G NH, $Eo] E4& At
9}01—/\ 0-11]1:1 lﬂ_ o:]?_ 7ﬂ_]4___ —i‘llﬂ . ——'iT *,_;qg‘ﬂg]

NH, #15 543} 230 gt 7242 2 26
912 o]tk O thagh Aol 3717} of7]
NH, 5% 243 477t Bag Ao Andc

o

ane =

g

2R HEAEY FEATAY AL
ol © Z

L= ASAY Y| & 220 5= =4 AT 859
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