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ABSTRACT

Among the 316,299 tons of ammonia emissions in Korea, the highest emission is from livestock manure. Therefore, ammonia
emission control in the pig industry is an urgent priority. In this study, the ammonia concentration of a mechanically-ventilation
sow house and diurnal patterns were analyzed to calculate ammonia emission factors. This study was carried out for 91 days from
September to November 2021 in a pig house located in Danyang, Chungcheongbuk-do. For repeated experiments, three pig rooms
with the same environmental conditions were selected and monitored for the same period. The average ammonia concentration in
each room was measured to be 11.09 ppm, 13.30 ppm, and 12.73 ppm, and the ventilation rates were 50.14, 61.88, and 66.82
m’/h/pig. The ammonia emission factor was 8.2+ 1.3, 12.7+2.7, and 12.8+2.2 g/day/pig in rooms 1 to 3, respectively. In this study,

the average value of 11.2 g/day/pig was calculated as the final ammonia emission factor for a sow house in fall.
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(Brunekreef and Holgate, 2002; Kristensen and Wathes,
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o] 2 viEEITH Artifiano et al., 2018; Lee and Lee, 2010;
Lee et al., 2022; Sommer and Hutchings, 2001). =7 }0]AHXZ]
FEAE Ago] W2 20199 = dmujo}l &S
316,299 E0lloH, 1 F SYPHE siEF 252444 B0 R
oF 80%F AAFE. 53] wUFE] EttE]o] sigcl= o
Huo} iSRS 233,644 E(AA2] 74%) 0= SARR1ol|A T
A= dHUoL HiERo] 2 A 0E UEH: Riite] ]
AR FEoE HiX7L 2|5k Y Uo} viEwF Hlgo] oF
45%= B 530 vl =2 Z0E YRt fEYol HiE &
g Al F=oll thet 944221 =7t AlEgE AAolt
=W dEYo}t uiEwF JIHIE] WollA] Six]= ARFEA

o Wt wE AT, SHE U HISEY 4712 TR
CRAl BAF U, B9, Sk A2 @ EoRAN|E Uheo]
Ak @A BA ) 2} Ao 2 kol e ARt w
%= 30.1 g/day/pig, A= 5.2 g/day/pig, |4= 12.3 g/day/pig,
HISE 14.2 g/day/pig® 4APg=|0] ATHMOE, 2007). SHAIRE
A =AW dEYo} HiEAlP= S0E d=Yot viEA
T AP ZEEFo| AESE oA S7o] olFolzlen,
T AT By A7) ZYUEY HolE ] EAE <l
o] tha REsirh= A% o] EAgtTt o]t 3HA
e Bgsl] flsiAe 39l HHEES 55t dHEY
of HiEAl 4 AAIsof gt E3, 7|2, % 5 7]
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= S Yot sigAl APgRHo EAsHA] 9471 kel
AS A 9 APgHERLL. 9= 9] Verification of Environmental
Technologies for Agricultural production (VERA) test protocol©]]
<7slo] TS FSIATHVERA, 2018).
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Fig. 1. Schematic of swine farm structure
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|l < 13 5%, ZAH; > 3%, & e >0.65%, 91 < 1. 5%, G <
8%, ZIE < 8%, o)Al >0.6%.

22, ¢EUot sk, BV R 25k ZUEHT

EAF 1 Qo) SEE BSFRBYL oz 3 A
AIZF gy o} =4%A](LumaSense Technologies INNOVA
1512i, Ballerup, Denmark) %! BEJAHE2)(LumaSense Technologies
INNOVA 1412i, Ballerup, Denmark)& ©]-85}0] Z} Z=H}o]| A
AxgroR wUE seik 71718 $9) 248 dujol 5
L= 1 ppm O[5} /\_rlhi}x] 3lolo] 7Rsh 2A719] 1%
Hez2 AFEAJo] <=5ltHLumaSense Technologies Inc.,
2022). HEJAEY QI Aol 41 FE e} glass wool
o] 12/ 23 olAY VEL Aslol WY st
£ 24 5 olglol FUS s shet. 54 AHe
F2% 97179k £ ) W19 3302 $ 12720] Room
1~3), B $IEE Qhijo} 7S] Jake Has)
s71 gie 717} sl 7o) QhEol B AHe Al
£ dH Yo} 55 ARSI} VERA test protocolof| 4] &5}
= A% S Al FA BE e ARG 18R, S A3
T 717] RS 5 AR 2AES JEfsto] o 2AKF 714
0= F4Z XIFsIqiH: ofuf 5% TlofEl= wi 24K 63]

2, F4FRA8E 1125 4~ 6510 siFsk= TlolEle] 3
TS HIEGLO 7 ARESIITH(Jo et al, 2020a). @ =4 A A
4 7F(Rigas 99.999%, Daejeon, Korea)?} NH; HEF7FA
(Rigas 12.5, 25, 50 umol/mol, Daejeon, Korea)S AR8-5}0]
7171 34 9 A 24S FHEIATHR® =0.999, MDL =
0.2 ppm).

WV ZHE P vl WBE AR ASHRAE,
American Society of Heating, Refrigerating and Air-
Conditioning Engineers) 71&0] wte} Aj&E 49 % =4
xS =AF Y Hi7]3(Vostermans ventilation BV Multifan
4E50 (©630), Venlo, Netherlands)ol] F-&Fslal 7+ 715-E(30,
50, 70, 100%)0] W= 92KS =AFIITHAHFS, 1993; Jo et
al., 2020b). ﬁ—:[t7}(31~49%, 51 ~69%, 71 ~99%)o] st

= 7| logistic curves Z-8oto] 451 tHJo et al.,
2020). EAF 1) /]S ) ARl A L H 25K}

7] 95 7F5E 30% u]ko 2= X=z] egro™, 19 714
oF FAEY AAZEo 7 2|9t} #=£A 0 F Room | ~
3004 245 Pt SRS 712t 7,722 +2,661 m/h, 10,424
+3,151 m’/h, 9,299.1 3,419 m’h= ERST]

Zul Y7} 259 3| H VEEL AA7IoZ2 £
R, AEEE INNOVAOA £4H o]&H dblojHE

Eq. (1)o] oJs Wgksto] 4Ah=5131tH(Sonntag, 1990).
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T: Temperature of pig room (- 45T <T<60C)
RH: Relative humidity (%)

B: 17.62

A: 243.12TC

Td w ( 1 )

gwUo} Wizde EE L= U FeAE(Sundard
ambient temperature and pressure, 25C 17])oA] A7t
g ol SEEpm)E 9 $T FELlel Aoz
Haste] BFS B T HA ASFEE o] 42
shelth. B9 W ¢4 dmuo SRS A4S A8 H
7179 ruvjo} SEolA 7] SES W S 285
o HEAow ANE A7 duot HEEE A
2 BT § AV Yieo] B4 Y 54 101
T FEYol HlEA I (g/day/pig)E AHESHATHEG. (2)).

Ammonia emmision rate (g/h/pig) ()

(Ammonia,, — Ammonia;,)x 17.03 x V,

pig % 24.45 % 1000

Ammonia,, = ¥7]5 FEHYO} FZ(ppm)
= Y717 dEYot F&(ppm)
V, = 7] (m’/h)

pig = & WA AGES

Ammonia;,

23. SAEH

578717t W <=5J% Tlol] 5 outlier A|7= VERA protocol
olAA] Al 715 (Outlierupper > Upper quartile (75th; Q) + (3 x
IQR), Outlierlower > Lower quartile (25th; Q) — (3 x IQR)°]| =}
2t $PEQdek ZF dlole 180 Tl Anderson-darling
normality testE AA|5to] 4] HHPS Z19¥513] 2™ (Shapiro
and Wilk, 1965), ZE 27} =8} 1) o} % 3]k o
ol hE R S-S Holei MATRER AR
w2hA  golg 157t AITEMAI= spearman  correlation
efficientE o|-83dle] T=ZTUtt ESAEALS Jamovi (The
Jamovi Project, 2021, Version 2.2) AZEQ[o}E ALESo] 4=

Rl
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Fig. 2. Daily monitoring results of ammonia concentration, ventilation rate, temperature, and relative humidity.
(@) Room 1, (b) Room 2, (c¢) Room 3

40
% - 100 :\;-
é-)' -s0 2
2 20 =
g 10 P
=% 7 L 40 (]
5 £
~ g4 = Temperature L 59 =
—— Relative humidity &
-10 T T T T T T T T — 0
0 10 20 30 40 50 60 70 80 90
Time (day)

Fig. 3. Temperature and relative humidity of outside condition
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= 73 = Zol7} YIAcH(Yang et al., 2022; Philippe et al.,

2011). ZF =olA =R 19 Bt $7]57-2 Room 19]14
50.14 m*/h/pig, Room 2°J4] 61.88 m*/h/pig, Room 3°J|A4]
66.82 m*/h/pig= UrEP*th 24 7|7k SHto g ZHRE A
oslol] U 7] AR ols] Bl U3 AL
u]=+ MWPS (MWPS, Midwest Plan Service)ollA] HAsl=
BEA B SIS 77 S 7] 2004 20 mihipig, 23}
3k 7] 04 68 m*/h/pig, = 7]-200A] 255 m*/h/pigC =
B Ao 24" )R thh Eokth EAF o]
H#2T = Room 1~30] 5UsH &F 22C2 AU
o WolL 18-260 2 Uehdth B4} 9jRewo] 2A%
Halo] Hsf(Fig. 3) =2 WF 2= Bold +52=
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Fig. 4. Diurnal pattern of ammonia concentration, ventilation, and ammonia emission
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Room 1~30]|A] Z} H4=0] AA|AQ HFPS IF vl
gt s o2 YE AT, Room 19]419] o} Hij&=F
< Ao s Wokth o= &Y+ F2ol YA2 Room
1914 ZJRte] Qo= QI QRF7] 5% 2= <
o dE Yol X7t o =l Bls] A SHEHAL,
J1o] wet sjEgo]l WA AE AR FHH

A

=

MY

3.3. dEEA

AL

= W dEYot Bk, VIF, WiE, W2 H A
g5 Hlofee] A £423E Table 19 YERHH-
Room 1 ~394 € BE dlojg g dis] A4
= 3Rt A3, e e ol FejuiRt JBaEATE AN
o =% W dEYot e |, Y2k 9 ddise

. QM0 -

ofor

S A
=23t - gES

o} £ & 570 20 4TS Holom, WFL Y
20} ofe] JUAS Rtk £ R Bl £
o] Lok 9R o] ueh 285] o] L& &
Azt Qs S Ve Ao giekeict, B iR
grLjo}o] A9 o] Eob4E o Hol SYUHE 9
5 2710] 4o] wj&wl7] el 27k olx|A ek vt
Y 2]eo] vobd wh el £ i) S45)
7) whol] gl ol BEE o) ATHe 2
A0 FerEh P Frol EFe] A9 WHLE 3
ol ]s) =4 ) PEUlo} it g]ate] Aukol
9Tk Fig 5t EUo HE JHAOR RO AT
Kol gl i, ] ARPE Yol EAR 2 £
% 32490 Teatole. Room 1~ 304 AR AeHEE 1}
ER, ok S]] HjEeo] WA o] Aolrk.
HhEe =4 U] Qhuujo} B} Eola4E S7h5He 4
2 B, W] Foluss sk 4L 1Y
o}, oli= Table 1914 E2E A E4dze} 2. o
Sujo} e BIge] Vo) S AHOR e 4
L 2] vge] WiEet el A SIS Tefeke 2

Table 1. Correlation analysis (spearman's rank) of each variable

Ammonia concentration Ventilation Emission Temperature Relative humidity
Ammonia concentration
Ventilation -0.735 ***
Emission 0.52] *** -0.195 ***
Temperature -0.773 *** 0.869 *** 0.037 **
Relative humidity -0.721 *** 0.687 *** -0.058 *** 0.822 ***
*¥** p<0.001, ** p<0.01
(a) Room 1

NHemission (gM/pig)

%

5000 14000

12000 00T

8000 -
v, 6000
Tow (M, 2y

(b) Room 2 (c) Room 3

Fig. B. Scatter plot of ammonia concentration, ventilation rate, and ammonia emission in each room

(@) Room 1, (b) Room 2, (c¢) Room 3
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Bl =5 oA dhsHs Yol Bk 7o 3
ol BAISH= Zlo| o m&Folgta AYztEc).

3.4. AELIO} HYEAH £HY

7 =olA aE dEYol vk 9 2|F HolEE
HIF o2 712 REAR U dRYot WiEA S A4St

ATt Eq. (2)°l @t AAHE Room 1 ~39] FRUo} vjE
Ade Z47F 82+1.3, 12.7+2.7, 12.8 £2.2 g/day/pig 2
W, B Ao PHFZkQl 11.2 g/daylpigs FHZEZ Q1 7}
=4 BEAF Y dEYot viEARE APYSit) b =
W @9 d=EYot HigAs T ‘2= =AW AEY
of &A= 30.1 g/day/pigs, & Aol AFEE HE
oF 60% ol =ttt 71 AtollAE wiEAS AP A
Al A geA] E=AF 7 glo] S EY o, dE Yot
sE &7 Aol Zol7t At DH A EAR= sehd
BH 7]6e] Yot HAAZE $47]E ol&sto] S H
RAEE, A E=ARS] B9 ey 2 Qe HsHE
ol-gsto] Z4o] UYPH ATHMOE, 2007). wHhA iy &
7te] &7 FH 9 dHEYol vk SHN 5 ANl 1
HZo] Aolstr| o] £ AtolA AH viEAS gk
I ohas Zpo|7t Qe Ao = AtrEth Bt ofy R
Yol s AEA atolo] weh Db 4 Qlth. Park
et al.(2022)0] WEW £4 FA7]4] BREA Y FEY
of Hi&A 4= 7.7 g/day/pig2 E11E H} Qth(Park et al.,
2022). s EFAIA= A+ 07\}'3}7%] VERA
protocole] A3ke] B rmjel wlEARS At
AL 2 A9] (1.2 g/day/pig) Hh Thas ”’0}‘_4' e
e EAS] Qmujo} WEASL AAE, Aduz
wth qEsistel A Mao] glrka TeHHck

4. 28

A= 7eE A4 REA Y dR Yo} Bk,
W 4 oy FH8R0E d&F o2 TYE I g
Yol HiE 542 welstal dEYol HiEATE AMEsH

. HlojE 9] /‘]ﬂ‘ég +=o)7] {8l 5Let :,L_,__4 =33
Asgelol, & 9199] 713t 52k Hole]

ST A8 23k Room |1~ 39] B FEjo}
T= 7+ 11.09 ppm, 13.30 ppm, 12.73 ppm =02 =3
=9lom 3752 Room 191A4] 50.14 m*/h/pig, Room 2]
4] 61.88 m*/h/pig, Room 3014 66.82 m*/h/pig2 LFEFTH

mlmé_ﬂ
_>‘:
5
f
>
SL
O
ﬁ

gmol uiEA49] 9- Room 1~30]A] ZHzf 8.2+ 1.3,
12.7+2.7, 12.8+2.2 g/day/pigfom], & oA HF
k91 11.2 g/day/pigs HZEZQ 712d REAF Y gy o}
HiEA=R APt

245 dol8s vigon A7 Jwsks AmHE
A R AP0l AL Ak EF | WFS <

& olF 7]20] 45l uet WA F/HHAL, B o]
5 3% gastgch. v B9 gEuol SEL 0
AZE A3 F7HRIEE B1] F7Hske AR
A oot 2 Whel Ak deles 4uy
B2 AYT Pk, Fuol HEFS B L AP
3} RO JBBATL Yk Ao vehgrh 53 St
o WA B2 TS B fBo] G0t HjEF
FeIS AL B4 ) FRoL SEE Aofsta FA)
She Zlo] et EUHY Fow A=H

£ AFAAL AY FEUo} MiEAS Q=g AX
2 98 ej2le) B Fmulo} B WARS B5et
of ¥m 71209 ~ 119) FHYHIor, 712 H BE
o E4 W gEulol HEASE gt ShAu B
o FYHe BHOA GuLlol WEAGE WA 9
A ALF B, ARE Y L AEe] B2 37171 dle]
¥ o] o3| WRF golct. wehd olof 3t A
£29 477k FAYslolof T Ao Az

ALAL

2 A9 AT AFHAHAE: B A
2 NH; viE® 71 9 vio|e7E a5 ¥/t ZREF
7N PJ01601902)9F =S4t ot A2 A+ 34 A
Aol Qs = AT olo FA=HEU.
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