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ABSTRACT In this study, we measured the concentration of particulate matter (PM) and ammonia (NHs3) emission in the

winters
houses

according to the breeding type of laying hen houses. Measurements were performed thrice in Barn, Aviary, and Cage
every 2 weeks from December to January. The changes in the PM,y, and PM, s concentrations were similar in all three

breeding types. The PM;, and PM, 5 concentrations, measured three times, were the highest in the Aviary house. In the results
measured by time, the PM,;y and PM,s concentrations were the lowest during the dark period (22:00 to 4:00) of the day.
The NH; concentration was the highest in the Cage house and the lowest in the Barn house. Regarding emissions over time,
the results of the three measurements showed different patterns and differed from those of the PM. In addition, with passage
of time from the Ist (december) to 3rd (january), the NH; concentration gradually increased. The daily PM;o and PM,;
concentrations in the Aviary house, which were higher than those of the other houses, were 4,787 pg/m’ and 388.6 pg/m’,
respectively, while, the PM;, and PM,s concentrations outside the poultry houses were 226.0 pg/m® and 39.3 pg/m’,
respectively. The daily NH; concentration was 7.70 ppm and 9.20 ppm at the center and end of the Cage house, respectively.
This was higher than that in the other houses. In conclusion, the concentrations of PM (PM;y, PM,5) and NH; were the highest
in the Aviary and Cage laying hen houses, respectively.
(Key words: laying hen house, winter season, particulate matter, ammonia)
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Table 1. Information on environment and ventilation system about the different types of poultry houses where air measurements were

performed
Items Barn Aviary Cage

House size in meters (W x L x H) 10 x 42 x5 15 x 39 x 35 8 x 10.6 x 8
Population (birds) 800 3,900 4,000
Age (WKk) 34~40 34~40 34~40
Stocking density (birds/m?) 7 9 13
Ventilation method Tunnel Tunnel Tunnel
Temperature (°C)

Max 214 20.2 14.8

Min 12.6 9.6 16.3

Average 16.5 15.6 154
Humidity (%)

Max 55.0 52.0 25.0

Min 30.0 42.0 26.0

Average 44.1 423 253
Fan numbers (total/operation) 4/2 4/2 72
Operation time (operation/stop)

First 25/275 50/250 50/250

Second 25/275 45/255 30/270

Third 20/280 35/265 30/270
Capacity (m*/h)

First 6,333 12,666 12,666

Second 6,333 11,400 7,600

Third 5,066 8,866 7,600




Hong et al. : Concentration of PM and NH; from Laying Hen Houses in Winter 25

2. OMEHX] o 2o} 5= F5H 1 m Eo]2 AX|slon, 17 HHo =2 2443 S35
n|AHA] 9} kYol 7pA0] FEE 12~19 Bk 2F 3 th Fig. 13} 2= WA &} gkRUjo} 7k o] 35

A 0.7 33] ZA 83tk Al m] AR (PMy, PMys) & W g XS HolFa gt

== AAF EFEEV|H FE)o] GRIMM Environmental

Dust Counter(Model: EDM164, GRIMM Aerosol Technik 3. X2 &AM

Co., Germany)E A X|5}0] 63 A2 247t A= 5) E Ao =39 PM, o PM,s, 28|13l 3] 3l & 9]

Gtk AT Qhmujol b B AN} FUT BRE NH, BEE30% 340 aeze) Uehigich ASdu

o ¢yol S 7](MultiRAE, RAE Systems Inc., USA)S A 9] <L PM w9t AXF W NH; W& =% Al 2

@) ()

Fig. 1. Evaluations of PM emission using EDM (environmental dust monitor) counter (a: barn, b: aviary, c: cage) and of NH; emission
using ammonia gas counter (a’: barn, b": aviary, c’: cage).
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Fig. 2. Gas sampling locations for the environmental monitoring of the poultry house with barn (10 x 42 x 5), aviary (15 x 39 x 3),
and cage (8 x 10.6 x 8) system.



26 =
8 S48 AREe 99 WIgoR Agsiel et

2z 1}

1. AAIZF OIMEHX| =%

B Aol A Al 2t 239 24417t F<ke] PM o PM, s
o] FXE Fig. 32 40 JeRNATE Al 711 AR oA
PM,oZ PM,59] B= W3} e fAET 24 A9
A EEE B A H S5 E PM 2 PM,s 5 E BF
Aviary AlATIA 717 =4 Yo, AL} Cage AlA
Atolol A ARl UERST Al R S49 A9s
B ALY 9471(22:00~4:00)0) 7P wigtew thA] HE
H $(4:000]F)l oA 7] A8k

2. AAZE 2tELo} TIA S

2 Ao A 2l A E 2447Fe] NH; 553 A
o)) ¥M3k= Fig. 50 YT A3 e S5 23E
X Cage AAE] NH; HlE 557 78 &3%oH, Al
A 7P @A vt 54 A9 ARME R Beks o,
12}, 22} 2 33k 4 Aaso] BT uE FEE Bl PM
v & e ThE AAE oAk E3 12K(12¢9)9dlA]

12.000
10.000
8.000 |

6.000

PM, (uo/m?)

4,000
2.000

0

s Barn Aviary Cage

25.000
20.000
15.000
< 10.000
=
~

5.000

0

Time

——Bam Aviary Cage

©

: 5A7] ARAAL A EE wEE s VAR 2L dRol B

33(1€) FA7A ARte] A3l Wt NH; =7k 3
ol 3 Atk

3. 92 PM % NH; HiIE 5%

2 AT 59 Y PMy, PMys B NH; W= 5%
+ Table 2] JERIATE €Y PM,p PM,5s F%=+ Aviary
Aol A 2zt 4,787pg/m* 2} 388.6 pg/m’Z TR AlAe] H]
gl =A velth AL 9 F9] PMpZ PMys 5= 2H7
226.0 pgm’ 9} 39.3 pgm’ 2 FA Cage AAFe} AL

dd NH; =& ©E AAFE vl Cage AA] 5%
3} ZollA 22t 7.70 ppm3} 9.20 ppm O E EEOow,| HALo]
A 78 B Al JERTE BARSE Aviary AlARS] H] oA =
Aviary AlAlA At Blgl] =A] YERT

=}
=

d

= Sl wWe 87 nAEA E
S8 BAWHOR HAT ZYSAGT DA A vlsh 2
o], &< Wb é_'j)rﬁl At e PM NH; Bl & 3ol o
ko1 K(David et al., 2015; Shepherd et
al., 2015; Zhao et al., 2015; Shepherd et al., 2017), °]E 24

20.000

15.000

m')

10.000

PMq (1

5.000

0

Time

e B arn Aviary Cage

(b)

16.000

12.000

m?)

8.000

PMy (s

4.000

Time

——Barn Aviary Cage

(d

Fig. 3. Temporal variations (24 h) of PM,, emission in three poultry houses with barn, aviary, and conventional cage system (a: first,

b: second, c: third, d: average).
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Fig. 4. Temporal variations (24 h) of PM,s emission in three poultry houses with barn, aviary, and conventional cage system (a: first,
b: second, c: third, d: average).
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Fig. 5. Temporal variations (24 h) of NH; emission at the end of three poultry houses with barn, aviary, and conventional cage system
(a: first, b: second, c: third, d: average).
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Table 2. Daily emission of particulate matter (PM;o and PM,s) and ammonia (NHs) in different types of poultry houses

Poultry Houses PM (u&/m) NH: (pprm)

PM,y PM, 5 Center End

Outside (Means) 226.0 39.3 - -

First 54.2 34.6 - -

Second 1379 232 - -

Third 486.0 60.1 - -
Barn (Means) 557.1 77.5 0.99 1.15
First 445.1 384 0.01 0.67
Second 513.4 85.8 2.02 1.82
Third 712.8 108.2 0.96 0.96
Aviary (Means) 4,786.7 388.6 3.00 4.80
First 6,995.8 503.0 0.12 2.35
Second 2,873.9 232.1 0.01 2.16
Third 4,490.3 430.8 8.88 9.88
Cage (Means) 414.8 52.4 7.70 9.20
First 229.7 40.0 0.01 3.18
Second 528.8 57.0 4.73 5.47
Third 486.0 60.1 184 18.9

* Measurement location of NH.
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