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Seasonal ammonia emission from intensive pig farm by high resolution online monitor

JI Ying—jie', SHEN Gen—xiang'*’, XU Chang’, ZHOU Zhong—qiang’, WANG Zhen—qi*, QIAN Xiao—yong’, WANG Jing-Iu*, YE Xian-man*

(1.College of Environmental Science and Engineering, Donghua University, Shanghai 201620, China; 2.Shanghai Academy of Environmen-
tal Sciences, State Environmental Protection Key Laboratory of the Cause and Prevention of Urban Air Pollution Complex, Shanghai
200233, China; 3. School of Resources and Environmental Engineering, East China University of Science and Technology, Shanghai
200237, China; 4. Hangzhou Environmental Monitoring Center Station, Hangzhou 310007, China)

Abstract: This study was focused on ammonia emission from an intensive pig farm, where ammonia concentration in piggeries and manure
sheds was monitored using high—resolution online monitor during the typical time of seasons. The results showed that the average seasonal
ammonia concentrations in the piggery shed were 3.31+0.31 mg+m~ during summer and 4.91+0.56 mg+m™~ during autumn. The figures for
manure shed were 6.26+1.57 mg+m™ for summer, and 3.19+0.61 mg-m™ for autumn. The hourly ammonia concentrations of the piggery
shed demonstrated significant seasonal differences with 2.9~3.7 mg+m™ and 3.8~5.5 mg+m™ in summer and autumn respectively. The am-
monia emission in summer increased initially and decreased later, mainly due to the effect of temperature and livestock activity intensity,
whereas the ammonia emission in autumn decreased first within the mechanical ventilation mode from 9:00 to 15:00, and then increased
within the natural ventilation mode. The ammonia emission fluxes in the piggery were 10.12+0.96 and 7.07+1.58 g-d ™' - head™ for summer
and autumn respectively, whereas in the manure shed, the figures were 2.99+0.69 and 0.89+0.31 g+ d ™' - head™, respectively. Correlation
analysis indicated that in the studied piggery, ventilation was the dominant factor for ammonia emission during summer, whereas tempera-
ture and humidity were the major factors during autumn.
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Table 1 Monitor point wind direction, average wind speed , temperature and humidity

WA &S W A i AR AR JAT) R T3y
Monitoring point ~ Season ~ Monitoring date ~ Ventilation mode ~ Outdoor wind speed/m+s™ Wind direction/(°) Temperature/C Humidity/%
GBS IS 07.11—07.24 — 1.24 132.2 27.8 76.8
Background ®E 09.07—09.23 — 0.84 151.1 24.9 84.0
PR 37 FE JFES 07.11—07.24 HLAHGE K 1.28 132.3 29.3 77.0
Piggery FZ 09.07—09.20  EHLIEE A 2k A 0.84 140.5 25.9 83.2
HEZEH JFES 07.11—07.20 AR A 1.30 129.4 29.5 74.5
Manure shed Tk 09.14—09.23 AR A 0.78 139.9 26.9 85.6
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Figure 2 Daily average change of air concentration in piggery in summer and autumn
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Figure 3 Diurnal variation of ammonia emission concentration per hour in summer and autumn in the piggery
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Figure 4 Daily average change of ammonia concentration in the manure shed in summer and autumn
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Figure 5 Diurnal variation of ammonia emission concentration per hour in summer and autumn in the manure shed
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Table 2 Response of hourly ammonia emission flux to temperature

HEJL IR Emission link  Z=5 Season 18 X Ventilation mode i 3 K 2 Regression equation R R-squared
PR A IR R HE BB X ¥=0.135 3+0.009 7, 0.156 4
€S P A SR8 R ¥=0.042 2+0.006 1z, 0.0320
HEZEH H 1 #R 3 K, Y=0.019 4+0.448 3x, 0.4155
A F AR X Y=-0.024+0.002 4x, 0.138 8

o AR, C Y Rl & g h -3k

Note:x; is temperature, °C ;Y is ammonia emission rate,g+h™ -head™".

®3 sUNEHIMBEESREMMX R

Table 3 Response of hourly ammonia emission flux to humidity

HERCFR 1Y Emission link  Z=75 Season 18 KA 2L Ventilation mode Wi )i 5 2 Regression equation R R—squared
BRI A7 ES HUGE K ¥=0.804 0~0.006 7x. 0.207 7
" R IR SRS AN Y=0.711 4-0.005 9, 0.352 1
HEZEM S EEZSTIA ¥=0.467 1-0.004 6, 0.415 6
hZE SRS TR ¥=0.103 3-0.000 8x. 0.2170

T 2 MR, %5 Y N A B, g b 3k

Note:x; is humidity, %3 Y is ammonia emission rate,g+h™ head™.
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Fig a is the temperature change during the study period; Fig b is the humidity change during the study period;
Fig ¢ is the ammonia emission flux and ventilation change during the study period
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Figure 6 Daily discharge of ammonia emission flux in piggery in summer and autumn
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Fig a is the temperature change during the study period; Figb is the humidity change during the study period;

Fig ¢ is the ammonia emission flux change during the study period
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Figure 7 Diurnal variation of ammonia emission flux from dung shed in summer and autumn
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HECA Y &t 3 Ry 2 = R MR S E=BUN
Emission link ~ Season  Ventilation mode  Indoor temperature/°C. Outdoor temperature/°C Ammonia Emission Flux/g-d™+3k™  References
WSS HE B 29.3 27.8 10.12 AT

H HUAEE X 28 25 11.89 [26]
H ML 27.4 25.1 8.20 [18]
B EHUBRE A SRE K 25.9 24.9 7.07 PN
k= EEZS T 21.2 19.2 8.52 [27]
[Es EEZS TN 18.4 17.0 73 (28]
HEZEM) H SRS 29.5 — 2.99 AHF5E
ES — 31.3 — 3.84 [29]
[Es SRS 26.9 — 0.89 AWE5E
B ER/SEIN 21 — 1.05 [19]

I ELIE S B A A dh F 5 0 = T A DR SE RE, A
AT 2 HE L, 5 BOH A HETE S s T AT
Kim <5 B fF 5 14 1 3 g 3 [, i [ 10 < 5 3 [ b
T3 ARARL, S il 2 XA, el SRk T O
AR B B IR T AR5, A T2 HE i . AT
5t 5 75 ol ZEM 00 A HEOE B T AN R P 5
S5 AR SE I OE ST A HEZEMIAR A SR8 MR 2, AR
XoF Ak 5 PA] 2 T % DA 2 1) B e A v, A
Ab FREHERAS , E RO AR B . AR
7 S 2 M s A T IR el T 5 R Bl B I S ) A 2
B A T B /N i P 8 0 AR R AR B A
[A], X AJ e P O R R T A S A EE 2 A

3 #ie

(1) RS 75 B AR i K 2 1 249 VR 2 4 301 oA
3.31+0.31 mg'm_3 14.91+0.56 mg-m_3,ﬂﬁ%7j(qz§ﬁ
B B Zh 24 h A BAUAGE X, 18 XA 2 Bk
() 35 A A, 2 B IR S 5% M) 7 B A0 2 T T /K-
P EE PR 2 M S M S R N 2RO 2 AR B 43 S oA
6.26+1.57 mg-m>F13.19+0.61 mg-m™, T4 K Z 455
SRR S I HE S AR KO

(2) RIFEII 5 SRk Z2 2 B H /N L 43 331K
2.9~37 mg'mf’?%ﬂ 3.8~5.5 mg-m’ﬂ,’ﬁ’ﬂﬁ%ﬁ“ﬁ?{i%
25t B E BMRBER R E IR TR, R
L B B T Bl R B TR R RO e T
Vs b FE, F 552 9:00—15: 00 HLHGE Kz 1 R Y
S

(3) PR3 77 B 01 o 2 0k 9 2 17%) 2 I s 1 4 )
7 10.12+0.96 g-d ™'+ 3k F17.07+1.58 g-d' -3k, ARE

I FE M 5 5225 SCHEIGE O B 1Y 1.42 %  HE SR
SR 2 S HE i 40 oA 2.99+0.69 g - d - Sk A
0.89+0.31 g-d ™"+ 3k, HEZEH B 2 2 HE 0l it 2 Bk 2=
1 3.36 % .

(4)FHOCHPEST BT R, B 2228 24 h HLIHGE AU,
X, B R R A E S X HE
SEMA /N TR IG5 i) PR 4% 55 B W 22 HE s o 1 3
PR 28 S 3 XU 5 Bk A 2 AL R AR AU
3 X 2 ) 2 AT T X 2 R G T Y
RN R R R A HE R R

S

[1] Langridge J M, Lack D A, Brock C A, et al. Evolution of aerosol proper-
ties impacting visibility and direct climate forcing in an ammonia-rich
urban environment[J]. Journal of Geophysical Research Atmospheres,
2012, 117(D21).

[2] Quan J, Zhang X. Assessing the role of ammonia in sulfur transforma-
tion and deposition in China[J]]. Atmospheric Research, 2008, 88 (1) :
78-88.

[3] Uvarova N E, Kuzovkin V V, Paramonov S G, et al. The improvement of
greenhouse gas inventory as a tool for reduction emission uncertainties
for operations with oil in the Russian Federation[J]. Climatic Change,
2014, 124(3) :535-544.

[4] Behera S N, Sharma M. Transformation of atmospheric ammonia and
acid gases into components of PMys: An environmental chamber study
[J]. Environmental Science and Pollution Research International, 2012,
19(4):1187-1197.

[5] Renner E, Wolke R. Modeling the formation and atmospheric transport
of secondary inorganic aerosols with special attention to regions with
high ammonia emissions[J]. Atmospheric Environment, 2010, 44 (15) :
1904-1912.

[6] Sharma M, Kishore S, Tripathi S N, et al. Role of atmospheric ammonia



2582

VRIEIN ity S8 B 114

in the formation of inorganic secondary particulate matter: A study at
Kanpur, India[J]. Journal of Atmospheric Chemistry, 2007, 58(1): 1-17.

[7] Ye X, Ma Z, Zhang J, et al. Important role of ammonia on haze for-
mation in Shanghai[]]. Environmental Research Letters, 2011, 6(2):
024019.

[8] Steinfeld J. Atmospheric chemistry and physics: From air pollution to
climate change[J]. Environment Science & Policy for Sustainable Devel-
opment, 1998, 40(7):26-29.

O] % B, B2 . T S IR A RO s MR LA ], A
RFTIREE A4, 2018, 34(4) :300-307.

WU Qiong, ZHAO Xue—-tao. Study on accounting method and model of

ammonia emissions from livestock and poultry breeding[J]. Journal of

Ecology and Rural Environment, 2018, 34(4) :300-307.

[10] P, sk X, FHa2, A ZUCHRRCRT 8 G ] 100 22 WFE (D). 1L
A%, 2016(2) :345-348.

WANG A -jing, ZHANG Shuang, QU Yan-zhi, et al. A preliminary
study on compiling the ammonia emission inventory|J]|. Hubei Agricul-
tural Sciences, 2016(2) :345-348.

(LX) ¥, #0222, 55 KT = MU R & SRk =k
T PFIE)] A S SRR IREE AR, 2018, 34(11) : 1042-1049.

LIU Bo, TONG Yi, LI An, et al. Study on ammonia emission inventory
of livestock over Yangtze River Delta[J]. Journal of Ecology and Rural
Environment, 2018, 34(11) : 1042-1049.

[12] Liu S, Ni J Q, Radcliffe J S, et al. Mitigation of ammonia emissions
from pig production using reduced dietary crude protein with amino
acid supplementation[J]. Bioresource Technology, 2017, 233: 200-
208.

[13] Kavolelis B, Bleizgys R, Cesna J. Natural ventilation of animal sheds
due to thermal buoyancy and wind[J]. Journal of Environmental Engi-
neering and Landscape Management, 2008, 16(4) : 188—194.

[14] Manap H, Najib M S. A DOAS system for monitoring of ammonia
emission in the agricultural sector|J]. Sensors & Actuators B Chemical,
2014, 205:411-415.

[15] Hutchings N J, Sommer S G, Andersen J M, et al. A detailed ammonia
emission inventory for Denmark|[]]. Atmospheric Environment, 2001,
35(11):1959-1968.

[16] TEFFIE, fO/INAE, 45557, 45 . AN [m) 3t 1 45 440 1 7 HE 8 45 NHL HE

FHIL AMHUREEAE, 2010, 41(1) : 163-166.
WANG Kai-ying, DAI Xiao-rong, LI Zhen—yu, et al. NH; emission
factors of fattening pig buildings with different floor systems|J|. Trans-
actions of the Chinese Society for Agricultural Machinery, 2010, 41
(1):163-166.

[17]AR/NEE, NT Ji—qin, W40, 55 . A A< 1 X L TR0 {5 3 4 < L T 1

2B AL 241, 2016, 47(7) :315-322.
DAT Xiao-rong, NI Ji-qin, PAN Qiao—na, et al. Monitoring of temper-
ature, humidity and air quality inside pig weaner house in Eastern
ChinalJ]. Transactions of the Chinese Society for Agricultural Machin-
ery, 2016, 47(7) :315-322.

[18] IO, X A, HhTHE, 45 . MBI A% UM KUK i 2 &
H A H HES L. A0l AR, 2018, 34(17) :222-229.
WANG Wen-lin, LIU Xiao, HAN Yu-—jie, et al. Daily emission char-
acteristics of ammonia from typical industrial pig farm with manure
cleaning by rising water in summer(J]. Transactions of the Chinese So-
ciety of Agricultural Engineering, 2018, 34(17) :222-229.

(191 Bk b b s i AL 5 3 S RCRFE B SE (D], 38 - AR AR
TR, 2017.

CHEN Yuan. Study on characteristics of ammonia emission from typi-
cal large scale pig farm in Shanghai[D]. Shanghai : East China Univer-
sity of Science and Technology, 2017.

[20] Elliott H A, Collins N E. Chemical methods for controlling ammonia
release from poultry litter[]J]. American Society of Agricultural Engi-
neers, 1983:16-24.

[21] Braam C R, Smits M C J, Gunnink H, et al. Ammonia emission from a
double—sloped solid floor in a cubicle house for dairy cows|J]. Journal
of Agricultural Engineering Research, 1997, 68(4) :375-386.

[22] Sommer S G, Zhang G Q, Bannink A, et al. Algorithms determining
ammonia emission from buildings housing cattle and pigs and from
manure stores[J]. Advances in Agronomy, 2006, 89(5) :261-335.

[23] Janczak D, Malinska, Krystyna, Czeka A W, et al. Biochar to reduce
ammonia emissions in gaseous and liquid phase during composting of
poultry manure with wheat straw[]]. Waste Management, 2017:
S0956053X17302891.

[24] Effenberger M, Bachmaier J, Garcés G, et al. Mesophilic—thermophil-
ic—mesophilic anaerobic digestion of liquid dairy cattle manure. [J].
Water Science & Technology A Journal of the International Association
on Water Pollution Research, 2006, 53(8):253.

[25] Dhyani V, Kumar Awasthi M, Wang Q, et al. Effect of composting
on the thermal decomposition behavior and kinetic parameters of
pig manure—derived solid waste[J]. Bioresource Technology, 2017:
S0960852417322289.

[26] Ni J Q, Heber A J, Diehl C A, et al. SE=Structures and environment :
Ammonia, hydrogen sulphide and carbon dioxide release from pig ma-
nure in under—floor deep pits[J]. Journal of Agricultural Engineering
Research, 2000, 77(1) :53 — 66.

[27] Philippe F X, Laitat M, Canart B, et al. Comparison of ammonia and
greenhouse gas emissions during the fattening of pigs, kept either on
fully slatted floor or on deep litter{J]. Livestock Science, 2007, 111(1/
2):144-152.

[28] Kim K Y, Ko H J, Kim H T, et al. Quantification of ammonia and hy-
drogen sulfide emitted from pig buildings in KorealJ]. Journal of Envi-
ronmental Management, 2008, 88(2) : 195-202.

[29] U/ . S 294055 5 NHL B 1R R BOUFSE D). BUM 300K 2%,
2010.

DAI Xiao-rong. Study on ammonia emission factors in concentrate

pig farm[D]. Hangzhou : Zhejiang University, 2010.



