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Comparison of Particulate Matter and Ammonia Emission in Different Types of
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ABSTRACT This study was conducted to determine the concentrations of particulate matter (PM) and NH3 emissions from
different types of laying hens poultry houses during spring. The concentrations of PM and NH3 were measured three times
(2-week intervals; March to May) in Floor-pen-, Aviary-, and Cage-type poultry houses. Overall, PM;, and PM,;
concentrations were found to be low from 22:00 to 04:00. The PM,, and PM, s concentrations in Floor-pen and Cage houses
were similar with no significant daily deviation. NH; concentrations measured over 24 h at the center and end of Floor-pen
house were relatively constant. Irrespective of measurement location, NH; concentrations were the lowest in Floor-pen house.
Moreover, NH3 concentrations were higher at the end of Floor-pen and Aviary houses than that at the center; however, lower
concentrations of NH; were detected at the end of Cage house. The concentrations of PM;y and PM,s around the poultry
houses were 57.5 and 34.0 pg/m’, respectively, with the daily average PM;o and PM, s concentrations (4,730 and 447.7 pg/m’,
respective) being the highest in Aviary house. The concentrations of NH; at the center and end of Cage house were the highest
at 12.0 and 9.31 ppm, respectively. Furthermore, in Cage house, the emission factor of NH; was the lowest, whereas there
was no significant difference on that of NH;. In conclusion, among the three types of poultry houses assessed, PM (PM;y,
PM,5) concentrations were higher in Aviary house, whereas NH3 concentrations were higher in Cage house.

(Key words: laying hen, rearing type, particulate matter, ammonia, spring)
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Table 1. Information on in-house birds and environmental conditions in different types of poultry houses where air measurements were

performed in spring season

Floor-pens Aviary Cage

House size in meters (W x L x H) 10 x 42 x5 15 x 39 x 3.5 8 x 106 x 8
Population (birds) 293 2,411 3,000
Age (Wk) 48-54 48-54 48-54
Temperature (C)

Max 17.3 20.0 19.3

Min 154 17.7 15.7

Average 16.4 18.9 17.5
Humidity (%)

Max 50.7 53.7 25.0

Min 42.0 393 25.0

Average 46.4 46.5 25.0

Table 2. Ventilation systems in different types of poultry houses where air measurements were performed in spring season

Floor-pens Aviary Cage

Ventilation type Tunnel Tunnel Tunnel
Fan numbers (Total / operation)

First 4/2 4/2 7/5

Second 4/2 4/3 7/5

Third 4/2 4/3 7/6
Operation time (Operation / stop)

First 20/280 35/265 100/200

Second 25/275 70/230 100/200

Third 25/275 70/230 120/180
Capacity (cfm)

First 5,066 8,866 7,066

Second 6,333 12,666 12,666

Third 6,333 12,666 20,266
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Fig. 1. Aspects of PM concentrations by different rearing types for 24 h (average of 3 times) in spring; (a) PM,o, (b) PM,s. PM
concentrations were measured with the PM counter at the end of three rearing types of laying hen house.
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Fig. 2. Aspects of NH; concentrations by different rearing types for 24 h (average three times) in spring; (a) Center, (b) End (Near
of the ventilation fan). NH; concentrations were measured with the NH; analyzer in the center and at the end of three rearing types

of laying hen house.
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Fig. 3. Comparison of NH; concentrations between center and end of poultry houses by different rearing types for 24 h in spring;
(a) floor-pen, (b) aviary, (C) cage. NH; concentrations were measured with the NH; analyzer in the middle and at the end of three

rearing types of laying hen house.
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Table 3. Daily emission of particulate matter (PM;y, PM,5s) and ammonia (NH;) in different types of poultry houses

PM (ug/nm) NH; (ppm)'
Poultry Houses
PM;, PM, 5 Center End
Atmosphere? 44.6 13.2
Outside 575 34.0 - -
Floor-pens
First 1,147 94.3 0.51 1.08
Second 796.6 75.5 0.82 0.96
Third 866.3 65.6 0.92 0.98
Means 936.7 78.5 0.75 1.01
Aviary
First 2,964 3535 5.31 5.76
Second 7,225 600.8 8.65 9.20
Third 4,001 388.6 6.76 7.59
Means 4,730 4477 6.90 7.52
Cage
First 2742 53.1 14.0 10.1
Second 350.1 714 194 12.9
Third 311.0 61.2 2.67 4.88
Means 311.8 61.9 12.0 9.31

! Measurement location of NHs.
2 Daily PM concentration of atmosphere (ME, 2021).

PM, particulate matter; PM,, particulate matter with a diameter of less than 10 pm; PM,s, particulate matter with a diameter of less than

2.5 ym.
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Table 4. Emission factor (EF) of particulate matter (PM;o, PM,s) and ammonia (NH;) in different types of poultry houses

Poultry houses PM, (kg/y/bird)

PM,s (g/y/bird) NH; (kg/y/bird)

Floor-pen 0.19* 15.62° 0.20
Aviary 0.24° 20.93° 0.35
Cage 0.03° 6.17° 0.43
SEM' 0.041 3.755 0.131

P-Value <0.05 <0.05 0.1854

! Standard error of means.

*® Means with different superscripts in the same column differ significantly (P<0.05).

#AAA7F gekar sk Tk 28U Hong et al.(2021a, b) 2
2 AT dd Higs B W, NH; s57F 5255
PMys 2% =4 e 3% 7o 2= AATAA T 9
= Aoz FHEM, ol gt F712Q] A7t Hesith
25, FUFE, e 2 A5 2 HFES SA
] PM % NH; =9 £ 93-S X thPuma et al.,
1999). Alxte] 71 PMY| @4, &
Y, Ui & 55, 99 A 2
9 9910 2(Shen et al., 2018), %
2(PM, NH; )& A 5
AN E 33t S5 Aol 7] eko] HskEHA
PM % NH; =% #o] fgtE it o= ALH A4 53
2 Al-o] viRA AAL YHe] & - FEE WHSlH | me}
gl ko] 2 =7] wjZelgt AbREh
347% oA At $7] ke A i
Tt e o EE viEd= Fasit dF
%ﬁii‘ﬁ oA =l FAtelA LAY
25 ppme] HA| BIt=E g sta ok g Al
= T 8212 AAke] W A7), ddAl, Hel
%71 Folth 53] A& e AH Ak 371
Ab Rt g ol A A 387 59 4
O%P Bt slo, srlEke] Ao 7] Bl g
S 7 A ok 2 AFellA = HARE Aviary AlAFE
PM(PMy, PMys) 3 NH; 59| 12} 54 Alddle 5389 %
AT = QI A4 & FAIs o, 2, 33F =4 Al
A7 ZEA TS BT PMys BRI AT
AL ZAF F AU g At A= 33] S Al BT
NH; &7} AAbe] SYET @718 ZA)dlA] ot &
717 & He Ao g yeigth Alo|A] At = 12 54
O|FRE FS EeFo] 3AMA FAAAL 2y

28

5 o
s
1
T
o
off

10
o r mo XL 8w o2 K

é R 0%

Aol A AlAtellA 13]¢} 23] S Alol] FUlA] 578 ¢ NH;
=yl 3Av)El 2 28 kR =9It Yao et
al.2017)°l] ©Jg+ A4A1 3] Fefol A= AAL W S|
I VeSS PM WiEEEst U Erhe Bao] uet 2

AT e 77 EFd Aoz Asdn v, 321 &
B Al SdEY g71A ZAA 343 NH; =7t
=of &717b 73 AR Holr, o] i}t PM(PMy,

}o)

PM,;5) =% #4E ZAow Hlth

v &A= 3 7301 o2 Al 7HA] A% EES] PM 3 NH,
FTEE Hlw JbssleE 4Pge A o|th(Roumeliotis and
Van Heyst, 2008). &A1 &% 528 7]£22 2H4
sk Aol7] wie] Ak 2EIH 2A)AA SHE F
TE o] &3l & A9 vlE A4 = Xin et al.(2011)0] 2
AbeE AFAIARS] v EAIt AR Ao R et &
AgrellA] FARSE Aviary Al 2=819] PM(PMyo, PM,s) WA
T AolA Alzwle vlal @Al YR oL, NH; Bl &A1
= vHliEE @S Btk ol HAR Aviary AlAbollA =
o] EFAo] ol BHe] 2R3 4ol ZZ el NH;0]
F2E 31, oA AAL el 2H738HA1 E NHy &= PM,s9] &
Ay AQle] Hof 2] Al 9F2 wjEE = PM &7t &
oAl & Zlolgta AtsETh

Shen et al.(2018)2 PM;o3} TSP %71 A AR Fo A
711 07:000 717 =A1 YERtha i3t & Ao x
24X 7F B 23 E PM(PMy,, PM,s) 59 W3S 2lv] i
A3, # 2 AFRE 7] 98 U shke AIZHAM 05:00
~06:00, AM 10:00~12:00, PM 14:00~16:00)°] =] e}
o, gEo] F& A7l 22:005-E 04:007H4]1& Al 71A]
ARFEE B S UERTh 18u NH s ke
Z07 BAIGle] Alzte] AEFE Eolxlon, ol AL

W] Alolu 24 BEl = NH; s=7F 24 =7] wj&el

r—r‘



158 z

offt

2} Als €T
SAF E AALA v EE = o] o9 242 7 S,

A 3 FH Ao Als FHIEA FEAA <
n| & 4= ITHNRC, 2003). Shin et al.(2017) 2}
AR ET 22 o2 7] & AFAIRE] oF 15¢
HER A7 7] Sl HFERA 2] drta 33l
Ak

rlo
ot
>
o
)
~ g o

o} 2 AFelA A FHit PM(PM,g, PM, )3} NH; &
B AF, AAL el vl AAL TR SHE s
A dgkon, ME2021)o14 AAIE PM(PMy, PM,s)©]
274 M2 Vel & A3 ¥ olxe] AFER
= G2A AAA A= PM(PMy, PM,s) AlAL 1
o ZA YT FA P Aoz Yo, old thE F
7FAQl A7t B esitta AlRETh

1A
=0}

e
2
4
r

>

NEAAL A EE mE o] n AR (PM) R
UEUoKNH;) W& T=E 54357 Hall it 3
A}, Aviary 18] 3L Cage AlAMlA vlAAA] 9 g 2o} &
T2 3~59 923 114 0= 33)(24417b3]) 24381

PM;Z} PMys FEE 24413 B9t fARSE B akE Belon,
22:005-E] 04:00714] Al VERRTE AL} Alo]A] AlAL]
PM(PM,o, PMy5) =% fFAH UYelgon, dd Atz
ABHA Helx] gkskth. AL Axle e S ZollA 24
AIZE ERE 578 NH; 5=7F 938 velstth. 54 9
2| eF #AIgle] FAtell A NH; w=7F 71 WA vtk
BAL} Aviary AlALA = SGETE oA S ¥ NH; 5
T7F o Egko, AlolA] At = EollA %€ NH;
27t o Stk AlAF L] PM 0 PMys = 22t
57.5 pg/m’<} 34.0 pg/m’elAth. AF T PMc PM,s 5
E Aviary AATONA 4,730 pg/m’ S} 447.7 pgm’ = 71 =9
ok AlA 9T E9] NH; X AlolA] AAbelA 12.0
ppm@} 931 ppm o= 7P =3tk PMyo2 PM, 9] wiEA
= AolA A 7HE @ekem, NHol viEAlT= 7S =
QTHP>0.05). ZE2 22 PM(PM,), PM,5) FE+ Aviary
AR, NH; 5% Cage AlAtelA 242) A Vel

(AQloy: ARl A E], PIAHA], kEYol, )

AL A}

= A7e 2021 FEAEA wREAE AT
= kol

4 Y AR s FEATAREEHAE

LB AR SR vAEA 2 kel & vl

PJ01529103)°l] ¢]& o]Folxl Ao = old] R l=gUth

ORCID

Eui-Chul Hong
Bo-Seok Kang
Hwan-Ku Kang

https://orcid.org/0000-0003-1982-2023
https://orcid.org/0000-0002-3438-8379
https://orcid.org/0000-0002-4286-3141
https://orcid.org/0000-0001-7585-4746
https://orcid.org/0000-0001-7258-2626
https://orcid.org/0000-0001-8887-1318
https://orcid.org/0000-0002-5285-8186
https://orcid.org/0000-0002-6959-9790
https://orcid.org/0000-0001-6950-0415

Jin-Joo Jeon
Are-Sun You
Hyun-Soo Kim
Ji-Seon Son
Hee-Jin Kim

Yeon-Seo Yun

REFERENCES

Becker A, Vanhooser S, Swartzlander J, Teeter R 2004
Atmospheric ammonia concentration effects on broiler
growth and performance. J Appl Poult Res 13(1):5-9.

Bonifacio HF, Maghirang RG, Trabue SL, McConnell LL,
Pruegar JH, Bonifacio ER 2015 TSP, PMI10, and PM2.5
emissions from a beef cattle feedlot using the flux-gradient
technique. Atmos Environ 101:49-57.

Cambra-Lopez MA, Torres AG, Aarnink AJA, Ogink NWM
2011 Source analysis of fine and coarse particulate matter
from livestock houses. Atmos Environ 45(3):694-707.

David B, Mejdell C, Michel V, Moe RO 2015 Air quality in
alternative housing systems may have an impact on laying
hen welfare. Animals 5(3):886-896.

Donham KJ, Scallon LJ, Popendorf W, Treuhaft MW,
Roberts RC 1986 Characterization of dusts collected from
swine confinement buildings. Am Ind Hyg Assoc J
47(7):404-410.

Fabbri C, Valli L, Guarino M, Costa A, Mazzotta V 2007
Ammonia, methane, nitrous oxide and particulate matter
emissions from two different buildings for laying hens.
Biosyst Eng 97(4):441-455.

Hong EC, Kang BS, Kang HK, Jeon JJ, You AS, Kim HS,
Son J, Kim HJ, Kim KY, Yun YS 2021a Concentration
of particulate matter and ammonia emitted by breeding
type of laying hen houses in winter. Kor J Poult Sci
48(1):23-30.



Hong et al. : PM and NH; Emission in Laying Hen Houses during Spring 159

Hong EC, Kang HK, Jeon JJ, You AS, Kim HS, Son JS,
Kim HJ, Yun YS, Kang BS, Kim JH 2021b Studies on
the concentrations of particulate matter and ammonia gas
from three laying hen rearing systems during the summer
season. J Environ Sci Health B 56(8):753-760.

Kassik A, Maasikmets M 2013 Concentrations of airborne
particulate matter, ammonia and carbon dioxide in large
scale uninsulated loose housing cowsheds in Estonia.
Biosyst Eng 114(3):223-231.

Kearney GD, Shaw R, Prentice M, Tutor-Marcom R 2014
Evaluation of respiratory symptoms and respiratory pro-
tection behavior among poultry workers in small farming
operations. J Agromed 19(2):162-170.

Kristensen HH, Wathes C 2000 Ammonia and poultry
welfare: a review. World’s Poult Sci J 56(3):235-245.
Lee SH, Yun NK, Kim KW, Lee IB, Kim TI, Chang JT 2006
Study om ammonia emission characteristic of pig slurry.

J Lives Hous & Env 12(1):7-12.

MAFRA 2019 “By 2022, the emission of PM and NH; on
the agricultural and livestock sector will be reduced by
30%.” Announcement of measures to reduce PM in each
agricultural and livestock sector. Ministry of Agriculture,
Food and Rural Affairs.

ME 2016 “You will see it right away. PM, what on earth
is?” Ministry of Environment.

ME 2021 Particulate Matter Detailed Measurement Information.
Ministry of Environment.

Michiels A, Piepers S, Ulens T, Van Ransbeeck N, Sacristan
RDP, Sierens A, Haesebrouck F, Demeyer P, Maes D
2015 Impact of particulate matter and ammonia on
average daily weight gain, mortality and lung lesions in
pigs. Prev Vet Med 121(1-2):99-107.

Miles D, Miller W, Branton S, Maslin W, Lott B 2006
Ocular responses to ammonia broiler chickens. Avian Dis
50(1):45-49.

Mostafa E 2012 Air-Polluted with Particulate Matters from
Livestock Buildings. Pages 287-312 in Air Quality-New
Perspective. Intech, Winchester, England.

Mostafa E, Nannen C, Henseler J, Diekmann B, Gates R,
Buescher W 2016 Physical properties of particulate matter

from animal houses-empirical studies to improve emission

modelling. Environ Sci Pollut Res 23(12):12253-12263.

Nemer M, Sikkeland LI, Kasem M, Kristensen P, Nijem K,
Bjertness E, Skare @, Bakke B, Kongerud J, Skogstad M
2015 Airway inflammation and ammonia exposure among
female Palestinian hairdressers: a crosspsectional study.
Occup Environ Med 72(6):428-434.

Puma M, Maghirang R, Hosni M, Hagen L 1999 Modeling
of dust concentration distribution in a simulated swine room
under non-isothermal conditions. T ASAE 42(6):1823-1832.

Radon K, Weber C, Iversen M, Danuser B, Pedersen S,
Nowak D 2001 Exposure assessment and lung function in
pig and poultry farmers. Occup Environ Med 58(6):405-410.

Robarge WP, Walker JT, McCulloch RB, Murray G 2002
Atmospheric concentrations of ammonia and ammonium
at an agricultural site in the southeast United States.
Atmos Environ 36(10):1661-1674.

Roumeliotis TS, Van Heyst BJ 2007 Size fractionated
particulate matter emissions from a broiler house in Southern
Ontario. Canada. Sci Total Environ 383(1-3):174-182.

Shen D, Wu S, Dai PY, Li YS, Li CM 2018 Distribution of
particulate matter and ammonia and physicochemical
properties of fine particulate matter in a layer house. Poult
Sci 97(12):4137-4149.

Shepherd TA, Xin H, Stinn JP, Hayes MD, Zhao Y, Li H
2017 Ammonia carbon dioxide emissions of three laying
hen housing systems as affected by manure accumulation
time. Trans ASABE 60(1):229-236.

Shepherd TA, Zhao Y, Li H, Stinn JP, Hayes MD, Xin H
2015 Environmental assessment of three egg production
systems - Part [I: Ammonia, greenhouse gas, and particulate
matter emissions. Poult Sci 94(3):534-543.

Shin DW, Joo H, Seo E, Kim CY 2017 Management
strategies to reduce PM-2.5 emissions: Emphasis-ammonia.
Korea Environment Institute. Report No.: WP 2017-09.

Takai H, Pedersen S, Johnsen JO, Metz J, Koerkamp PG,
Uenk G, Phillips V, Holden M, Sneath R, Short J 1998
Concentrations and emissions of airborne dust in livestock
buildings in Northern Europe. J Argic Eng Res 70(1):59-77.

Xin H, Gates RS, Green AR, Miloehner FM, Moore Jr PA,
Wathes CM 2011 Environmental impacts and substantiality
of egg production system. Poult Sci 90(1):263-277.



160

ool
ol

Yang W, Guo M, Liu G, Yu G, Wang P, Wang H, Chai T
2018 Detection and analysis of fine particulate matter and
microbial aerosol in chicken houses in Shandong province,
China. Poult Sci 97(3):995-1005.

Zhao Y, Shepherd TA, Li H, Xin H 2015 Environmental

assessment of three egg production systems - Part I:

A AR A nARA] 3 FRYo Tk Hlw

Monitoring system and indoor air quality. Poult Sci
94(3):518-533.

Received Aug. 25, 2021, Revised Aug. 31, 2021, Accepted Sep.
23, 2021



