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ABSTRACT

In this study, methods for estimating ammonia emissions in livestock houses were reviewed, and ammonia concentrations
were measured and characteristics analyzed in chicken house. There are three major methods of calculating ammonia emissions
of livestock houses, the Portable Monitoring Units (PMU) method, the Saraz Method for Determination of Ammonia Emissions
(SMDAE), and the Tracer gas method. Comparing the average ammonia concentration of laying hen and broiler houses, that
of broilers was higher than that of laying hens, but the effect of open winch curtain was greater than that of measurement
time. The concentration of ammonia emission differed over time for laying hens and for broilers, and no consistent trend was
found. The internal ammonia concentration of the closed operation type was higher than that of the open operation type, and

the ammonia concentration increased with age of the chickens.
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ol o Aol
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e UEUYOKNHy), BAlShE(SOx), HARME Yol vjE® & 79%7 B4 Mi&E, o] & oF 92%7}
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31 UtH(National Institute of Animal Science, 2020), ZL2{L}
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Portable Monitoring Unit (PMU) B%, Saraz Method for the
Determination of Ammonia Emissinos (SMDAE) W, Tracer gas
HhHo] Q= Ao ALt Hogewi, 2003; Wheeler, 2003;
Gates, 2005; Jairo Alexander, 2013; Jairo Alexander, 2015).

1. PMU (Portable Monitoring Unit) 24t
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1.2.2. SMDAE (Saraz Method for the Determination
of Ammonia Emissions) 2
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(Kjeldhal method)© 2 BAI5la] AR Yol ZZYA(flux)E At
Aol Hdolth, AEXE HX|E fos 2E3RS 173
oF 3tH, 5= 5 ppm OVJolM FHEI} =2 Ao e
o}. QYo EHA(flux)E APYshe 4L ohaat Pt

9 NHj
SMDAFE (gNHym™ *S™ 1) = YT (1)
o1 7]of| A,
SMDAE : ammonia flux (gNH,m 25"
NH; : mass of building output air (g NHj) as
measured by average of all sponges.
A : AER] WA (m?)
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I ANE AIO% AFE UFstont, VERA ol A7k

test protocololH ARz AEE 2440l 2% W 9 B ATO)NE A AXOlNe eEUo} iE B4
Il Al A A nemaionsl VERA 8 SHeIs] Sifol A ATh] HE HEUof s S
Secretariat, 2018). ¥YEUo}l FLE CRDS (Cavity At 2 o] gE EAL BEASYT A FAA:
Ring-Down Spectroscopy, PICCARO, USA) #AH|E o]-& = o2 Fig. 13} Zt
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Analysis of ammonia
emission characteristics by
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emission characteristics by
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e

Fig. 1. Schematic of research procedure

2.2. HAHA MY Table 104 Hi= wie} o], AgtAALS] ARSTE=
4,0000k2jo]t, §o] S-S 1.8kgo 2 LETE A
o] AbSti= 7,600t ot} Grof AoiF7]E testo]
FP; AFYOR ol dEYot EE SS9
o, 257 g9 FAI= 0.5ke, 457 Tl FA= 1.97kg

2 Ao A= Table 19 YeRd 23} Zo] VERA test
protocololl Al AAEH £ 2L FFot= 7N FE
RRASE KA 242t 2314 ol BEE EYat
A th(International VERA Secretariat, 2018).

o2 UERH.
Table 1. Agronomic requirements for poultry
Laying hens Broilers
Criterion
Vera protocol This study Vera protocol This study

. . 0.5 (2 weeks)

Permitted weight range (kg) - 1.8 0.05-3
1.97 (4 weeks)
Minimum number of animals in test
750 4,000 1,000 7,600
compartment
Minimal period of use of housing system
. 2 months more than 2 months 1 batch more than 1 batch
before testing
2.3 YELIOF £ gEUol SEE FEFS Teiste] A A o)A

A 2stgon, shte] Uz ol 2 FAo 27
317] gio) WEAIEEE ol 83tk U 9% AEe WL
o7ty ZF A|A o 38 ZoF A5l om, otrjo} X
o FFe FA g HEE AU ARAHLAL A
SISiC B SEE Sm UAE FILSEE SYSe
7 71A9] §4 Esh Bgo] AR AL Ol8H g wri yu olmuol B0 G HAsH
]Xﬂ_,] %E% T,‘f‘_—%j'o = Z]‘H] ]q' CRDS?’] @%@'ﬂ]% 7] _(H—(‘;H Vera teat pI'OtOCOlOﬂ/\‘1 i_]—l-a—]__lz _1?_ lé__E éxé
0.03 ppboltﬂ, -,T_Q_ —é%‘] @H“C—_‘ 0~10ppm0]‘:]‘ 74‘:/."?1 5m %101%] 'J—Oﬂ}\i 22—1 ]_oﬂq_

£ AFolA= AAY dEYol sEE S45t7] st
of A4 =% AH|9l CRDS (Cavity Ring-Down
Spectroscopy, PICCARO (USA)) #AH|E o|&35}%tt.
CRDS—‘:— A8t sk 7IA19] & IHEUIE RARE
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Fig. 2. Schematic view of sampling points (red dots) in the length of the barn

3. g+Zu}
3.1. ¢2Lor 5= =¥ 2

3.1.1. |AAS YELO 5= £F 2

277 A7) SANE 2% 7175 AXAEC]
ez egEigon, Wl dELol 5w 574

+ Table 20] Yetfiict. 381 X049l Hot sEgkol
424 ppmO 2 7Y =A UEREIL, 1 AFHG m)l F
oA 0.29 ppmO & 7P WA YEREH

4377 A7l SAAE &4 717t dAAEC] 4
FHE EFEAeH, W/RY dHYot 5k 57 A
+ Table 39 YEFHATE 281 A4 ] B+ 5=k
117 ppmO.2 714 A ertm, 19 A m)el
oA 0.59 ppmOZ 7} A Yerkict

Table 2. Ammonia concentration in broiler house (2 weeks)

. . Mean Minimum Maximum Standard deviation .
Sampling point Condition
(ppm) (ppm) (ppm) (ppm)
1 (Outside) 0.29 0.15 0.42 0.06
2 (Inside) 3.59 1.48 7.39 1.37
3 (Inside) 4.24 2.13 7.54 1.33 Winch curtain closed
4 (Inside) 341 1.27 7.85 1.26
5 (Inside) 3.65 1.40 7.36 1.40

Table 3. Ammonia concentration in broiler house (4 weeks)

X . Mean Minimum Maximum Standard Deviation .
Sampling point Condition
(ppm) (ppm) (ppm) (ppm)
1 (Outside) 0.59 0.11 1.07 0.21
2 (Inside) 1.17 0.19 2.59 0.48
3 (Inside) 0.73 0.24 1.92 0.36
Winch curtain opened
4 (Inside) 0.69 0.16 1.57 0.33
5 (Inside) 0.67 0.16 1.52 0.32
6 (Inside) 1.05 0.25 1.85 0.33
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WYY ZAQ AZLIO BST A Yy R HiE 4 24
SHA710) WE FEYol Hat Tk W A, 257 of w2 Ao]Et}, Table 4] A|A|E Hie} o] 257 =
o o] Y§ BdEsEE 3.73 ppm, &F BatsEe 029 7 Al7100 AR ALl ER1 AE 7] dizel olet Zo]
ppmOE Uehton] 4239 o] R WEsEE 079 2 BE A0S Hol Aow wt
ppm, 913 BIEEL 0,59 ppmOE Lehgeh. o]t 3
Table 4. Average concentration of internal/external ammonia by week age in broiler house
Internal ammonia average concentration External ammonia average concentration .
Week age Condition
(ppm) (ppm)
2 weeks 3.73£1.38 0.29+0.06 Winch curtain closed
4 weeks 0.79+0.37 0.59+0.21 Winch curtain opened
3.1.2. MEAALY] LRLIO 5 5F At ppm2 2 7P SA e
_ _ _ AFAAAY] R Yol B =& v|w 43 X} A&
SRAA 13 A, Wole) ol 5 54 2 AREL BT Bt e v @ 1
= = FAF qET 22 FRAL AZ717F B =4 YERE T 13
HE Table 59 YEFH ATt 481 Ao M| Bt =gt _ _
4P A9 AR BEst R 557t 2 Jol7t ee
o] 0.25 ppmo. & 7H A HEEAL, 61 Z|o]A 0.16 o= = ~
Lo o gl & Ao, 22 Ao A, 9 Bder: B
o= 7% .
. P e . TRtk ol Tabie 79] e A3t g,
SEAS WO 2% ol B 38 CHE 04 gy 4 94 AES 1YHR 29slel AL Y
A ™o ALl =& - _
o 601 L}E}LELMi * Ej] " %E: 5=kl H &= Aol A7) diwol 13 ARy Hi 4=y
090 ppmo 2 M A R IR AR 031 o) s word oz e,
Table 5. Ammonia concentration in laying hen house (1st measurement)
. . Mean Minimum Maximum Standard deviation »
Sampling point Condition
(ppm) (ppm) (ppm) (ppm)
1 (Outside) 0.21 0.08 0.45 0.08
2 (Inside) 0.20 0.09 0.58 0.11
3 (Inside) 0.18 0.07 0.38 0.07
Winch curtain opened
4 (Inside) 0.25 0.11 0.56 0.09
5 (Inside) 0.21 0.12 0.44 0.07
6 (Inside) 0.16 0.08 0.27 0.05
Table 6. Ammonia concentration in laying hen house (2nd measurement)
. . Mean Minimum Maximum Standard deviation o
Sampling point Condition
(ppm) (ppm) (ppm) (ppm)
1 (Outside) 0.31 0.17 0.62 0.10
2 (Inside) 0.77 0.23 2.20 0.43
3 (Inside) 0.59 0.25 1.23 0.23 Intermittent operation
4 (Inside) 0.52 0.16 1.63 0.32 of winch curtains
5 (Inside) 0.90 0.21 2.12 0.43
6 (Inside) 0.70 0.18 2.92 0.57
http://www.ekscc.re.kr
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Table 7. Average concentration of internal/external ammonia in laying hen house

Internal ammonia average concentration | External ammonia average concentration .
Measurement Condition
(ppm) (ppm)
Ist 0.20+0.02 0.21+0.01 winch curtain opened
2nd 0.70+0.54 0.31£0.25 Intermittent operation of winch curtains

3.1.3. AZ0 mE 2L & H|u

AFA|9F SAARS] tR Yol Bt 5 EE Table 80f 1t
EF it SAARS] R dRY ol B 5k 3.73+1.38
ppm} 0.79+0.37 ppm O 2 YEFOow, AMtAALS] Y&
Yol P v 4 A7) 2 ZHZF 0.20+0.02

ppm, 0.70£0.54 ppm O 2 eIt AFAAR} SAALS]
FHYol B T H| Ay, SAAY dRYol 5k
7F AFRAAE T B =E Ao R Ueiyth B AY 2
I, 4 A71E 93] AE A f-50 OE J3Fo] ¢
& A& Yy

Table 8. Comparison of internal and external ammonia concentrations in laying and broiler houses

L Internal ammonia average concentration | External ammonia average concentration .
Criterion Condition
(ppm) (ppm)

Broiler house (2 weeks) 3.73+1.38 0.29+0.06 winch curtain closed
Broiler house (4 weeks) 0.79+0.37 0.59+0.21 winch curtain opened
Laying hen house (1st) 0.20+0.02 0.21+0.01 winch curtain opened

. Intermittent operation
Laying hen house (2nd) 0.70+0.54 0.31£0.25 . .

of winch curtains

3.2. ¢Lot HiE £
3.2.1. Ao ME ASE =0 HiEg S4

B o)A A7) B2 A% dtuijore] ¥z &
A mustgon, Azt hE duuot B FEE
Table 99| LER gLt

AR} 2559 A9 ¥ AZFH(3.25 ppm)HTH B AT
(419 ppm)9] SE7 H &7 LEbgton, 45He] A9
o AJ749(0.73 ppm)ih ¥ AIZFER(0.73 ppm)9] =7}
o %7 bt

ARIAFO] A%, 13 ARA7]00 ¥ A|ZHE(0.18 ppm)
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Table 9. Ammonia concentration internal and external the house over time
o Internal ammonia average External ammonia average .
Criterion . . Condition
concentration (ppm) concentration (ppm)
Night time winch curtain
Broiler 3.25 0.32
N (PM 6:00 ~ AM 6:00) closed
ouse
@ weeks) Day time 419 0.26 winch curtain
(AM 6:00 ~ PM 6:00) closed
Night time winch curtain
Broiler 0.94 0.68
N (PM 6:00 ~ AM 6:00) opened
ouse
D ti inch tai
(4 weeks) ay time 0.73 0.50 winch curtain
(AM 6:00 ~ PM 6:00) opened
) Night time 0.18 0.20 winch curtain
La’:“g hen 1 pM 6:00 ~ AM 6:00) ' ' opened
ouse
Day time winch curtain
(Ist) Y 0.24 0.24
(AM 6:00 ~ PM 6:00) ' ' opened
Night fi Intermittent
i ime
. N 0.73 0.30 operation of
Laying hen | (PM 6:00 ~ AM 6:00) . .
b winch curtains
ouse
(2nd) Dav 6 Intermittent
n ay time
Y 0.67 0.33 operation of
(AM 6:00 ~ PM 6:00) . .
winch curtains
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Table 10. Comparison of ammonia concentration in broiler house by operation type

Criterion Weeks External concentration Internal concentration Concentration of exhaust vent
This study 2 0.29+0.06 3.73£1.38 -
(Opened house) 4 0.59+0.21 0.79+0.37 -
2 0.00+0.00 1.92+0.06 1.91£0.07
Rural 2 0.00+0.00 4.97+0.41 6.15+1.83
Development 4 0.000.00 7.87+1.34 6.47+1.81
Administration
(2020) 4 0.00:£0.00 2.07+0.14 2.40+0.47
(Closed house) 4 0.00+0.00 2.13+£0.39 3.07+0.69
4 0.09+0.29 4.16+2.52 3.12+0.39
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Table 11. Comparison of ammonia concentration in laying hen house by operation type

Criterion External concentration Internal concentration Concentration of exhaust vent
0.18+0.38 3.89+1.12 2.40+0.71
This study
0.01+0.12 0.57+0.44 1.78+0.18
(Opened house)
0.03+0.18 6.65+£7.13 9.51+2.04
Rural Development Administration 0.21x0.01 0.20+0.02
(2020) (Closed house) 031£0.25 070+0.54
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Hroh 2 A[ZF(0.24 ppm) ] FE7F H =A UER o H,
224 ARA719] AR = AIZEH(0.67 ppm) Tt BE A[ZECH
(0.73 ppm) & © EA YT
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