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Abstract This study measured the seasonal particulate matter (PM) and ammonia (NH3) emission
concentrations of laying hen houses to calculate the emission factors. The PM and NHj3 concentrations
were measured according to the Vera test protocol. PMip and PM,5 concentrations tended to be low in
the summer at 80.0 pg/m® and 11.3 pg/m’, respectively, and the concentrations changed when the
season changed from summer to fall or winter to spring. From November to January, the PMio and PM25
concentrations at the inlet were 346.1-581.1 wpg/m’ and 79.8-128.0 wg/m’, respectively, which was
higher than at other times, and there was no significant difference in concentration between the inlet
and exhaust during this period. The inlet NH3 concentration was 0 ppm in all periods, and the emission
concentration was highest in August. The PMio emission factor was low from November to January, and
the PM2s emission factor was low in December and from June to August. The NH3; emission factor was
low in June. The annual emission factor of PMio, PMzs, and NH; in this study were 0.014 kg/head/y,
0.0021 kg/head/y, and 0.158 kg/head/y, respectively.
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Table 1. Agronomic requirements for laying hens

Criterion Vera protocol This study
Animal occupation rate of
test compartment at all 80-100 % 80-100 %
measurement days (%)
Minimum number of animals 750 50,000
in test compartment
Minimal period of use of more than 2
. . 2 months
housing system before testing months

(International VERA Secretariat, 2018)
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Vera test protocolo|A+= PM ¥ NH; 5=&5 A7t
R 24417 Z7g=|ojoF gt AAIsHITHS]. wet
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Fig. 1. Schematic of measure points in layer house
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Fig. 2. Measurement of PM and NHs; emissions
(2) Input Air measuring (b) Output Air measuring (near
exhausted fan)
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2.1.3 PM % NH3 HiEA APY
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Where, E; emissions factor (g/head/y), Cin input
pollutant concentration (mg/m?®), Couw output
pollutant concentration (mg/m?), Q ventilation

amount (m/m’), n a number of laying hens
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Table 2. Measurement results of temperature,
humidity, and ventilation amount (V.A.)

Date (yy.mm.) | Season T?gl)p H(u%r;l (Zf[;)
'22.9. 23.2 68.9 17,733
10 Autumn 18.6 61.2 17,733
11 18.0 55.5 12,666
12 17.7 57.4 7,600
241, Winer s 562 | 7,066
5 Spring 25.1 75.8 20,266
6 27.4 78.3 94,577
7 Summer 27.8 79.3 121,600
8 28.4 80.5 121,600

V.A., ventilation amounts.

2.2.2 PM 2 NH; HiSsE

2 ARA 24" ¥ PM(PMio, PMzs) &=
Table 37} 4] Uepfict. 22 (6~8%) PM1od] ¢
7] BEE 17.6~33.7 pg/m’2 39 B FABII O,
HlZ 55X 80.0~330.8 pg/m’= YHEE Xjo|7} 24
UeRgth PM;s9 % E3F PMI0 BEg7|E
16.8~23.5 ug/m’2 FABIAG, 7] 11.3~73.5
g/m’E & Zo|S Bth 9 PMy @ PMys BEE
@710 B7|Fo] 2HEHA WeE i) M4 =
TEEE 11~189 PMiod PMys 9471 s&e 247t
346.1~581.1 pg/m’T} 79.8~128.0 ug/m’0]oH,
&S Tl 247 336.0~634.3 pg/m’F 54.7~141.4
pg/m*eIAt}. o] Al7jol= PMO] 7] w9t HiEsE
Afolof| Al & zlolE Ho|x] oFoltt.

Table 3. Measurement results of PMjo at the
experimental layer house (Unit: pg/m’)

(y}l?'ra;;‘) Season Input Qutput
'22.9. 24.0 742.1
10 Autumn 103.4 514.4

11 581.1 634.3

12 346.1 402.5
R 3487 3360
5 Spring 46.9 624.9

6 33.7 330.8

7 Summer 19.3 141.8

8 17.6 80.0
Average 168.9 423.0
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Table 4. Measurement results of PMz5 at the

experimental layer house (Unit: pug/m’)
(yylfj.;tren.) Season Input Output
'22.9. 13.3 212.5
10 Autumn 31.9 78.5
11 128.0 141.4
12 79.8 62.7
241 Wincer 844 54.7
5 Spring 20.8 86.1
6 23.5 73.5
7 Summer 12.9 42.4
8 16.8 11.3
Average 45.7 84.8
7= AAF HRe 3715 dsks 58 WA
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Table 5. Measurement results of NH3 at the

experimental layer house (Unit: pg/m’)

(y}]?iifn) Season Input Qutput
'22.9. 0.0 5.49
10 Autumn 0.0 6.38
11 0.0 6.21
12 0.0 4.90
241, Wincer 00 447
5 Spring 0.0 3.52
6 0.0 1.58
7 Summer 0.0 7.36
8 0.0 12.1
Average 0.0 5.78

2.2.3 PM 2 NH3 HiEAI$
£ AtollA AE PM(PMio, PM2s) € NH; Hi&EA|
4= Table 60l YEFHATE PMo HiEASTE 11~19
o ¥A Yeltom, PM,s HiEAISE 1283 6~8L]
A Yehsth. NH; #i&A5= 620l RA Uehstt
HiEAleE 4719 wi7] A9 sE zle|2 AgEt
8. BiEA7E GA YEbd A2 719k w719 s=rt
ax] %7 Mo g AlgETh I8y, PM2.5% YollA

=St vie} Zo], & oA wj&=E Bt ozt SR
’j% A Q}J% So] ryol B 923} HLg5}o]
PASER(15], Y710l wls) 7] sErh RolAH,

NH;9]| HH%ﬁH‘—t 471 A9l E&=7F 0 ppmO] B2, HY
7l E=7F 71 =] I W= PMio HiEASee

£ 73S Holi Utk TR, oA AGTt Hie 2
°] PMas HiIEOIA HiEd B9 ofyzt Hlls,
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Table 6. Emission factors of PMio, PM2s and NH; at
the experimental layer house
(Unit: kg/head/y)

Date (yy.mm.) | Season PMio PMas NH;
'22.9. 0.028 0.0018 0.150
10 Autumn 0.016 0.0014 0.174

11 0.002 0.0079 0.169

12 0.002 -0.0015 0.134
'24.1. Winter 0.000 0.0078 0.122
5 Spring 0.016 0.0018 0.096

6 0.008 0.0005 0.043

7 Summer 0.033 -0.0005 0.201

8 0.017 -0.0008 0.331
Average 0.014 0.0021 0.158

CORINAIROIAE= PMio, PMzs, NH39] BiEASFE
Z7k 0.04 kg/head/y, 0.003 kg/head/y, 0.2
kg/head/y= AAIaL QloH, US EPACIAl= NH; Hi
SAFE 0.252 Ak Qe & A9 A7 PM,
PM;s, NH39 Hi&AS+= ZH2F 0.014 kg/headly,
0.0021 kg/head/y, 0.158 kg/head/yZ °ol& AR
o} WA Yeldct ol FHES =y A 57k §
71%ko] =t Bls @7] WEC R AteHTh

3. 28
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