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Livestock production emit ammonia (NH3) from its manure, and ammonia is precursor of fine particle. In

naturally ventilated barn, it has difficulties to measure its ventilation rate and NH; emission rate due to its characteristic of

ventilation. To measure NH3 emission rate, tracer gas method was used to calculate ventilation rate, and real-time NH;

concentration was measured with Open Path-Tunable Diode Laser in naturally ventilated Hanwoo-barn. The mean NH;

concentration of inside and outside was 2.03 ppm, 0.52 ppm respectively. NH; concentration was high when cattle was
feeding due to increasing animal activity. NH; emission rate was calculated with NH;, tracer gas concentration and ventilation
rate. NH3 emission rate was 13.22~223.57 g - NH3/d - cow and average was 90.97 g - NH;/d - cow.
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(Sommer et al., 2004). NHy= oFF|HF2|HHA} z]Aof
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= AFEZEE 283t (Holt et al., 2015 Wang et
al., 2015; Updyke et al., 2012). 5."7} 7| e A&
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ERE $AF U NH; 5= 542
A A (Park et al., 2015), FSFE
(Zhang et al., 2005)7} ©]-&E]|11 Q)oY
SFehA] AAE A7t Wi,

Hof| tiet Z7gut 7Hsstth= *HA7E Qlo A 5%
o] 2-85}7] o]H}. ¥, Open Path-Tunable Diode
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&= (VOCGs), 2A7IA 5 978 B2 7t =
49| F= BYEEo] 7Hse FHE He FdoA
9] 5% £%o] 7551 (Bailey et al., 2017; Somes-
falean et al., 2005; Thoma et al., 2005), 5734 4 =
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2.2 NHz CO, S &3

H oJFo| A= OP-TDL (GasFinder3-OP, Boreal,
Canada)< ©]-85te] AAZE NH; 55 54513
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Table 1. Requirements for dairy cows test (VERA test protocol) and Hanwoo beef.

Criterion

Dairy cows (VERA)

Hanwoo-beef (In this study)

>70% of the available barn area
must be distributed to cows

Herd composition

Minimum number of animals in

the test compartment

Minimum duration of Housing system in use
Weight range (kg) -

Size of barn -

30 cows (milking + dry)

More than 2 months

71% of the available barn
area distributed to cows

152 cows

4 months
421.25kg
1,500 m?
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Fig. 1. Scheme of naturally ventilated hanwoo barn and ammonia measurement positions.
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E3 Z4717F g4 FAke] SR 4
{18l CO,E OP-TDLE ARE5He] &A5HAtT CO,
42 NH, £43 FYsH NH, 5734 OP-TDL
SHlA NH; ST 22 vhhts 230= £11
S5kt (19 1). CO, & RUEHYE NH; 5%
=3 np7 A 2 2 T2 S5te], HEH o= )

A7 Bt glolEl & EAof &-g5tict.

24 -9 94 BUHRS 99 &-45,

T, F5e SAoen, SA UR 25 542
2.55% AA (HOBO Temp/RH Logger, UX100-

011A, HOBO data Loggers Onset, USA)E 285131
th ZAF 9B 7ho] 1A (Watchdog 2900ET
Weather station, Spectrum Technologies Inc., USA)E
At 7R (Y THe A6 TF

2 9 A7l 90~225 deg 1] HIOJE & A}
ot om, B4 km/h=E $5t] m/sE FE
Fitstol 2ot

2.3 XfHEI7[A] AL Q‘ﬂ%’ 4

QA4 Z439]
A7) St Fast a4
14 ZA19] B)Ee el A 2
(tracer-gas method)= AFESHAT F27FAH-2
E CO,%} SFeE FA7IAR ARE-RITE SF©) 7:}%
7] Zoll £A517] 911, CO,% Aok Anc 24
HH:HO] 17\1-5].1—,]._ 140] olr,} HhE CO2 SFGE

o} $7]%F F4o] AU} Erka HuEo], 257
O CO,E FA7IAE AMESHAITH (Edouard et al,
2016).

ESH SAES] g7]%-2 International Commission
of Agricultural Engineering©l|A] AA1E AAE-E A}

Boto], Akt B 2 S 59l Heat production
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unit (HPU)Z AAISHAT. A& 5 ASA= ()
At Gd7HM) O 2 ZF7E 0.6 kg/day, 10 MJ/
kg- drymatter©] ™, VERAOI A AlFst= B4 A
L3519 (A 1). AlXtE HPUE E-85t] ZE2 o
2 37]ERe AP ST (CIGR, 2002; Pedersen,
2008) (2] 2).

23 1[57.27+0.302m
HPU=|7.64m"%® + 7Y, M—l —— /1000

1-0.171Y,

HPU (W): Heat Production Unit (VERA, 2018)
m (kg): 7+ Bt 7|

Y, (kg/d): SSAIF

M (MJ/kg - drymatter): Ab2 G 7t

0.18(C)x HPU
((Coz)inside_ ( COZ)outside) X 10_6
()

Ventilation rate (m®/h) =

Ventilation rate (m>/h): $+7|=F

C (m*/h - hpu): Convert coefficient
HPU (W): Heat Production Unit
(COYingie (ppm): U CO, T
(COousside (ppm): 24+ CO, F

2.4 NHz HIEZ 4HY

=74 717 EFAlA HilEEE NH; #iEF A
A2 A7 ol YAIskAL, F45°] 0.5m/s
olFQl Hloleut gt o, oA A7
<= (outlier,py,., > upper quartile (75%) + 1.5 X IQR,
outliery,, < lower quartile (25%)-1.5 XIQR, IQR:
Inter quartile range)= %}-8-6F0] 4I5St} VERA
Z2EFo| W2, ol oA A7 71E (out-
upper > Upper quartile (75%) +3 XIQR, out-
lier),,, < lower quartile (25%)-3 X IQR)®]| w2} o]A+%]
£ A7 F HF2 22 NH; HiEF= A7 shoF st
u, & dFelA= Hlold A=EE =°l7] $Is)
VERA Z2EZ9| 7|FHT} 1] £ o] A7
T 2853t (VERA, 2018).

NH; HlE%2 CO, 55 ol A4t

lier
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(m*h) B W 2J5F NH; 5% 2 (ppm)E HH
S, SISO 2 AR ES (m 2 o], 250
Al A 17ke]7L HiEShe NH, 9 HilEdo
HoH (4] 3).

—

((NH3)inside_(NHS)outside) X 24(h)
10%(g) x n(cow) x 1(d)
3)

E(g-NH;/d-cow)=V x

E: NH, Wj=%F

V (m*/h): @72

(NH3)insige (ppm): U7 NH; 5
(NH3)ousige (Ppm): U NH; 5=

n 7HEA S ES

AL TA AZEO] Jamovi (Version 1.6)
£ o]-g-oto] =345kt A A2 shapiro-wilk
testE AAISto] HESH 2™ (p-value > 0.05: 1+
714), AEZT NH; #i5%;, NH; 55, 271, 2
&, FE IF2 v EER UETh A &
A HE Bg7t AR 1702 & spearman

corrleation HFA1-& AF&sto] BA ST

3. 2% R %
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- 95 NH; 5=, SAFU- 95 CO, 5k, 258, 5
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A W - 9159 NH; B+ sk ZH2} 2.03 ppm,
0.52ppm O & LERE O™, 1. & 5.0 NH; 55 H¢]
= 27k 0.60~4.39 ppm, 0.02~1.68 ppm 22 ZA 5]
ATH(TH™ 24). 2 D79 A HiFele 24 3 7t
0] S ot o NH; F=H oF 47 =
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Fig. 2. Hourly monitoring result of (A) inside ammonia concentration (black), outside ammonia concentration (red). (B) inside
CO, concentration (blue), outside CO, concentration (green), (C) inside temperature (orange), outside temperature (dark
blue), (D) inside relative humidity (brown), outside relative humidity (yellow), (E) wind speed (purple) with reference 0.5 m/s,
(F) wind direction(dark green) with reference 90, 225 deg.
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29ll, §71=2] @714 w5l 522 NHy7H 35k
Ao2 A Ut} (Sommer et al., 2004; Jeppsson,
1999). Agto] W=, A4 S92 o
2t NH; 5%=7} 1.0~47.6 ppm (Park et al., 2015),
0.4~8.77 ppm (Simsek et al., 2012) 2.2 TS 5
o2 UEh, 2 AFolA SA? NH; e A
APAT Aol T HAHT F2 FhpFos
LrERE T

ZAF Y- 9 CO, Bt FEE= 247} 483.47 ppm,
43278 ppm OS2 EAEQlom Y. 2|7 ] CO, 5
+ HIE AFES BHoloh (2 2B). A UF 3
T CO, FEv F TR =A et o, ol
SAF YR 7HS 280 93t Co, el A= et
H T} (Bai et al., 2020; Leytem et al., 2011).

SA712 Bt 2= W 28.1°C, 9F 27.5°CE
U oH, Bt She W 76.9%, 2 79.4%=
e, 2+ W7 e 9F7 52 Ao
EAEUTHE 2C, 2D). FAF HHet o F o] 2=
ZFo]= —3.51°CO||A] 5.09°CE e T LAF= A}
o] 4ro] JNE X2 - R 2Lt -FARE |

= UEH, SAF 7= 7154 Pk d4=2
Qloff R=7F RET 22 7102 ke Th(Erbez
et al., 2010). &7 T4 0~1.17 m/s = LEFL
o, B 0.18 m/s= == ATHIH 2E).
714 Z 7] W2 NH, 5= EAS 8H15H7] S5
T4 e NH; 555 19 39 Uetligith 5%
0.5 m/s 9|9 FE17} (calm air) 02 A OJ51%1C
™ (Ham et al., 2017), 37719 NH; o 55+
5 3.80 ppm, 2|5 1.27 ppm, 5% 0.5 m/s OS]
T8 NH, a5 =7 WA 2,57 ppm, 25 0.22
ppm o= WERETH(LH 3). 7571t NH; e
0.5m/s o1 We] NH, skt o2 s &7
LEFGETEH(<0.001). ©li=, 3719] HiFd4do] 2of &
Aol ZEA] 9F7] wiizel, NHy7F 52 5o] 5=7t
=7 YeEfY= Ao 2 Atz HtH(Zhao et al., 2016).

3.2 A|Ztof| 2 NH; &

1% 40 AIZHE FAF W NH; 5%, SAF U
2 E SUERE UYL, NH,; 559 25, 35
O] A7 B2 Foll At AFd-S UrERH Sl
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Fig. 4. Diurnal variation of (A) ammonia concentration, (B) temperature and (C) average ammonia concentration, tempera-

ture, wind-speed.

1629] 274717 $T NH, 59t Sl D8 §

AT AAE BATH(I 44). 53, 0~4410] vl

@ R e o 5 45171 5715k 4
O

=53k BAl NH; 5=

15*]77} 1 X1 A43] % —/1\—01'—1— 1979 =& Hol= A
S = uehgth Aol = 7]2o] A5t
NH; 5%7t 57}5H (Chang et al., 2019; Wang et al.,
2015; Meng et al., 2011), At 2& Folgd o, =2 &
LIt F7Fote] =2 NH,; FX8 sjEo] dAYet
ot B IR QITh(Jeppsson, 2002). & Ao 49
NH; 5E& $-¢ALe] Alm Fo] Alto] 6419} 164]
Q1 Ae AerollS o, okl 7123 Abm ol §
2 ok NH; 57t S71E 202 AlmHrh &
gh =2 Hole 7H5o] NH; HlE9e 24 flol +

9 & 2R doll= Z2E S WO WA NH, #]4to]

oloji} NH, &7} =7 Uehd Aoz AmHct

>.

I

¢

(Arnink et al., 1993).

3.3 NH; &2

B2+ YA 3% NH; 559 CO, 5k ARE
v o 2 AIZPE 715 (m’/h) T & 1912 NH;
HiZ8 (g- NHy/d - cow)S UEFHCE 71402 2%
T2 Eoles i W ASe] E8 T 71
EH% of, vjEF 4ol TS ALt vlolE

259t (Ham et al., 2017). &7]5Fe 1§

498,828 m*/h2 EAEoH, H4 37|z
142,479 m*/h, o 27152 1,599,260 m*/h= E4]
=9t 47| NH; 8BlE&%2 13.22~223.57
g-NH;/d-cow?] HLE HEPH O, HF 90.97
g-NH;/d- cow 2.2 A= S},

2 30 theRt 2] Aol A OP-TDL HH|E ©]-§-5}o]
S NH, W& 9+ 275 ek =4 NH,

>‘r‘{or:[_]
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LAY, BT

oIl E 2] H 1A (NIER, 2008)°] AAH vj&eF
(14.50 kg - NHs/year - cow) & AoA =&H
NH; &7 (33.20 kg - NHs/year - cow) 2.t} 2,387}
WA vrebstth Ul NH; IHE 2] HauxolA 24
o WA A} A7) 30 o]l AL mlFolgE
off, 2 o] WA A3t A7E 2ol &, B AFHTE W
7o 2 WA= ohH(NIER, 2008). Asjddte] w2

BRE DA A0 Aol w2k N, Fel7) 3
ZFetctyl B S Q1th (Sa and Jeon, 2010). ESF, NH,
Zxo Au|2 ghgsle] TYA R ZH5 ATt A
AZE Z7go] REGEA] grot HaR7t=EAS Aer
AFRHE T Yang et al. (2016)914= NH; Hi&%0]

Table 2. Average ammonia emission and ventilation rate in
this investigation.

Reference Mean +SD Min Max
Ventilation rate 498,828 +234733 142,479 1,599,260
(m3/h)

Ammonia emission
(9 NF/d-com) 90.97 +44.15 1322 22357

54.20 g-NH3/d-cow§_ AR U
ol 2 AT thE HiET A U
7)eE& B85t WiEES Astalon,
T SAF I obd SAF AfoellA S5t
Hol Ao = whHch

F7H 02 NH; 5%, 7%, 2%, Jtls ot
FHPA 24 AAE E 49 19 50 UETh
NH, vi&sF00] A = g% (r=0.521), NH; 5
T (r=0.521), BE (r=-0.137), &% (r=0.122) &=°
= UE, 55 AlQleh BE 8<lo] NH,; vlEEt
ol e Uetdle Aoz FAE]H A3
ol W=, NH; WS- S71%3 9] 4
£ Ho]H (Sanchis et al., 2019; Simsek et al., 2012;
Zhang et al., 2005), Y4 £E 0] G- grop 2 A
% Al NH; DAFE 97 Z7F_ttt (Sanchis et al.,
2019; Zhang et al., 2005). =3} =2 257} NH; 7}
& o E TAA]7]1, Total Ammonia Nitrogen
(TAN)®] Hl&S S7HA HFH o= NH; Sh=
Z31517] tgoll 1EErt HAYTTH (Meisinger and

Table 3. Comparison to previous studies of ammonia emissions from cattle feedlots.

NH3 emission

Reference Measurement of concentration
(kg - NHs/year-cow) (g-NHs/d - cow)
This study 33.20 90.97 OP-TDL
NIER (2008) 14.50 39.73* Dynamic flux chamber
Yang et al.(2016) 19.80 54.20 OP-TDL
van Haarlem et al. (2008) 116.07** 318.00 OP-TDL
McGinn et al.(2007) 51.10%* 140.00 OP-TDL
Flesch et al.(2007) 54.75%* 150.00 OP-TDL

*Unit conversion kg - NH3/year-cow to g-NH3/d - cow
**Unit conversion g-NH3/d-cow to kg - NH?/year - cow

Table 4. Correlation analysis of ammonia concentration, ventilation rate, temperature, relative humidity, and ammonia emis-

sion.
Concentration Vantilation rate Temperature Relative humidity Emissions
Concentration -
Vantilation rate -0.390 -
Temperature -0.081 0.211 -
Relative humidity 0.016 -0.149 -0.859 -
Emissions 0.521 0.521 0.122 -0.137 -
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Fig. 5. Correlation of emission vs ammonia concentration (A), emission rate vs ventilation rate (B), emission rate vs tempera-

ture (C), emission rate vs relative humidity (D).
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