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Dynamics and pollution features of ammonia and particulate matter during different pig breeding stages

XU Wen, LIU Xue—jun", MENG Ling-min, ZHENG Kun

(College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China )

Abstract: To reveal the pollution characteristics and temporal (i.e., diurnal and seasonal ) variations of ammonia and particulate matter in

different breeding stages of pigs, the indoor concentrations of NH; and particulate matter[PM: including total suspended particulate matter
(TSP, aerodynamic diameter <100 wm ), PM,,, and PM,] for four types of pig houses(i.e., fattening, gestation, farrowing, and weaning pig

houses ) at an intensive farm in the suburbs of Beijing were investigated in this study. Gaseous NH; was sampled using passive samplers and

detector tubes, and aerial PM was collected using middle—flow particle samplers. Monthly mean NH; concentrations in the fattening, gesta—
tion, fallowing, and weaning pig houses averaged (3.26+1.49), (3.48+2.20), (2.95+1.13), and(2.94+1.48 ) mg+m™, respectively, and ex—
hibited pronounced seasonal variations, ranking in the order:winter > autumn > summer. Real —time NH; concentrations in the fattening,

weaning, and gestation pig houses were in the ranges of 3.43~7.99, 0.82~4.51, and 0.99~3.14 mg-m™, respectively, which to some extent is

affected by manure removal. Daily mean concentrations of TSP, PM,,, and PM, 5 averaged (0.99+0.32), (0.18+0.04 ), and(0.07+0.03) mg*

m~ in the weaning pig houses, respectively, whereas they amounted to(2.3920.39), (0.88+0.17), and(0.40+0.17) mg+m™ in the fattening
pig houses. Further analysis of the concentrations showed that PM with a diameter of 10~100 pm dominated the indoor particle pollution, ac—

counting for 82% and 63% of TSP mass concentrations in the weaning and fattening pig houses, respectively. Our results suggest that the de—
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tected indoor NH; and PM levels could pose potential health risks to pigs and humans and that relevant air pollution control strategies should

be implemented to improve indoor air quality of intensive pig farms in the future.

Keywords: air pollutants; ambient concentration; pollution characteristics; breeding industry; pig house
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Table 1 Main information on the investigated pig farm and pig houses

T TPkt R et HREE oK WA ERAL
House type Capacity pig  Numbers of houses  Access to feed Feeding regime Water ~ Manure collection system Ventilation
HE 300 25 A T K RRCESE B #R5E X
gl 70 20 P& i K ERGES HUie
WL 4 20/200 8 PR i K ERGES HUie
Rk 200 3 Hih T K RGES A ZRE N

TE :a. 20/200 FoRBHRHFLEA 20 SLEREA 200 3K/ bR RSN A TAER ORI, ROBHE 2958 2.5 kg o TR ZE RGN A TERIFHEM

W BIRZG T B KoK b Rl i

Note: a. There were approximately 20 sows and 200 piglets in each gestation house; b. The limit means the artificial feeding is twice a day and the feeding

amount is about 2.5 kg; c. The pig manure is collected manually twice a day, and then the pig pens are flushed with tap water.

R2 AMEEH N RERB(E/RA/B)
Table 2 NH; sampling periods for four types of pig houses(year/month/day )

Z=7T Season H B4 Fattening house IF R4 Gestation house I§ .45 Farrowing house {5 4 Weaning house
HZ= 2010/07/28—2010/09/01 2010/08/04—2010/08/25 2010/07/28—2010/08/22 2010/08/22—2010/09/15
FhZE 2010/09/15—2010/11/27 2010/09/01—2010/11/27 2010/09/08—2010/11/27 2010/09/01—2010/11/14

e 2010/12/01—2011/01/17

2010/12/01—2011/01/17

2010/12/01—2011/01/17 2010/12/22—2011/01/17
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Figure 1 Monthly variation in NH; concentrations inside pig houses
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Figure 3 Daily mean concentrations of various particles in the pig houses(from 20 August to 27 August

in weaning pig house, from 2 October to 9 October in fattening pig house )



1254

RAIMERF 2R R AR

113(5):567-576.

[3] Pearson J, Stewart G R. The deposition of atmospheric ammonia and its
effects on plants[J]. New Phytologist, 1993, 125(2):283-305.

[4] Fangmeier A, Hadwiger—Fangmeier A, Van der Eerden L, et al. Effects
of atmospheric ammonia on vegetation: A review|J]. Environmental pol
lution, 1994, 86(1).43-82.

[S] IPCC. Report of the IPCC expert meeting on emission estimation of
aerosols relevant to climate change[R]. Geneva: Intergovernmental Pan—
el on Climate Change, 2005.

[6] Cambra—Lopez M, Torres A G, Aarnink A ] A, et al. Source analysis of
fine and coarse particulate matter from livestock houses[J]. Atmospheric
Environment, 2011, 45(3) :694-707.

[7] Cambra—Lépez M, Aarnink A J A, Zhao Y, et al. Airborne particulate
matter from livestock production system:A review of an air pollution
problem[]J]. Environmental Pollution, 2010, 158(1):1-17.

[8] Fiala N. Meeting the demand: An estimation of potential future green—
house gas emissions from meat production[J]. Ecological Economic, 1993,
67(3):412-419.

[9] Huaitalla R M, Gallmann E, Zheng K, et al. Pig husbandry and solid ma—
nures in a commercial pig farm in Beijing, ChinalJ]. International Jour—
nal of A gricultural and Biological Engineering, 2010, 4(5):217-226.

[10] Van Ransbeeck N, Van Langenhove H, Demeyer P. Indoor concentra—
tions and emissions factors of particulate matter, ammonia and green—
house gases for pig fattening facilities[J]. Biosystems Engineering, 2013,
116(4):518-528.

(U] RGN, TELLH K, 2. TS & 2 Ok BE DN 5 HE 0 e /Y

FEEEN]. Al IR 24, 2006, 25(4) : 1076-1080.
ZHU Zhi-ping, DONG Hong—min, SHANG Bin, et al. Measurements of
ammonia concentration and estimation on emission flux of finishing pig
in pig house[J]. Journal of Agro—Environment Science, 2006, 25(4):
1076-1080.

(2] #. B & S R AR A S el Jr g B 52 D], b st [
LB, 2016.

LIU Yang. Study on the aerosols production and mitigation methods in
fattening pig barns[D]. Beijing: Chinese Academy of Agricultural Sci-
ences, 2016.

[13] Huaitalla M R, Gallmann E, Liu X J, et al. Aerial pollutants on a pig
farm in peri—urban Beijing, ChinalJ]. International Journal of Agricul—
tural and Biological Engineering, 2013, 6(1):36-47.

[14] Reche C, Viana M, Pandolfi M, et al. Urban NH; levels and sources in a
Mediterranean environment|[J]. Atmospheric Environment, 2012, 57 :
153-164.

[15] Xu W, Zheng K, Liu X ], et al. Atmospheric NH; dynamics at a typical
pig farm in China and their implications[J]. Atmospheric Pollution Re—
search, 2014, 5(3):455-463.

[16] Kim K'Y, Ko H J, Kim Y S, et al. Assessment of Korean farmer’s expo—
sure level to dust[J]. Annals of A gricultural and Environmental Medicine,
2008, 15(1):51-58.

[17] Radon K, Danuser B, Iversen M, et al. Air contaminants in different
European farming environments[J]. Annals of Agricultural and Envi-
ronmental Medicine, 2002,9(1).41-48.

[18] Hayes E T, Curran T P, Dodd V A. Odour and ammonia emissions from

intensive pig units in Ireland[]J]. Bioresource Technology, 2006, 97(7):
940-948.

[19] Demmers T G M, Burgess L R, Short J R, et al. Ammonia emissions
from two mechanically ventilated UK livestock buildings[J]. Atmo—
spheric Environment, 1999, 33(2).217-2217.

[20] Philippe F X, Cabaraux J F, Nicks B. Ammonia emissions from pig
houses : Influencing factors and mitigation techniques|J]. Agriculture,
Ecosystems & Environment, 2011, 141(3/4):245-260.

[21] Guingand N. Preliminary results on the influence of emptying slurry
pits on the emission of ammonia and odours from fattening buildings|J].
Journées de la Recherche Porcine, 2000, 32 . 83-88.

[22] Lim T T, Heber A J, Ni J Q, et al. Effects of manure removal strategies
on odor and gas emissions from swine finishing[J]. Transactions of the
ASAE, 2004, 47(6) :2041-2050.

[22] Blanes—Vidal V, Hansen M N, Pedersen S, et al. Emissions of ammo—
nia, methane and nitrous oxide from pig houses and slurry effects of
rooting material, animal activity and ventilation flow[J]. Agriculture,
Ecosystems & Environment, 2008, 124(3/4).237-244.

23] TR, YFEAE, % &, % RIS & AL Gei & 1S Tl NH; #k

JER L] BB BERHE AR B, 2010(3):30-31.
ZHOU Yu-gang, XU Bai-nian, PAN Lei. et al. Comparison study on
concentrations of H,S and NH; between fermentation bed piggery and
traditional piggery|J]. Animal Husbandry and Veterinary Science and
Technology Information, 2010, 3:30-31.

[24] Seedorf J, Hartung J. Survey of ammonia concentrations in livestock
building[J]. Journal of A gricultural Science, Cambridge, 1999, 133(4):
433-437.

[25] Koerkamp P W G, Metz ] H M, Uenk G H, et al. Concentrations and e—
missions of ammonia in livestock buildings in Northern Europel[]].
Journal of A gricultural Engineering Research, 1998, 70:75-79.

[26] Dekock J, Vranken E, Gallmann E, et al. Optimisation and validation of
the intermittent measurement method to determine ammonia emissions
from livestock buildings [J]. Biosystems Engineering, 2009, 104(3).
396-403.

[27]Ni J, Heber A J, Lim T T, et al. Ammonia emission a large mechanical—
ly—ventilated swine building during warm weather[J]. Journal of Envi—
ronmental Quality, 2000, 29(3) :751-758.

[28] Kouimintzis D, Chatzis C, Linos A. Health effects of livestock farming
in Europe[J]. Journal of Public Health, 2007, 15(4 ) :245-254.

[29] Daumer M L, Guiziou F, Dourmad J Y. Effect of dietary protein content
and supplementation with benzoic acid and microbial phytase on the
characteristics of the slurry produced by fattening pigs[J]. Journées de
la Recherche Porcine, 2007, 3:13-22.

[30] Wang K Y, Wei B, Zhu S M, et al. Ammonia and odour emitted from
deep litter and fully slatted floor systems for growing—finishing pigs|J].
Biosystems Engineering, 2011, 109(3):203-210.

[31] Guarino M, Costa A, Porro M. Photocatalytic TiO, coating—to reduce
ammonia and greenhouse gases concentration and emission from animal
husbandries[J]. Bioresource Technology, 2008, 99(7) :2650-2658.

[32] Costa A, Guarino M. Definition of yearly emission factor of dust and
greenhouse gases through continuous measurements in swine hus—

bandry[J]. Atmospheric Environment, 2009, 43(8):1548-1556.



