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Variation of ammonia concentration and influence factors analysis in layer house

SHEN Feng—ju', LIU Xue—-lan®*, ZHANG Ke—qiang'"

(1. Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2.Poultry Institute, Shan-
dong Academy of Agricultural Sciences, Jinan 250023, China)

Abstract: Large—scale egg—production facilities are emission sources of various gases and particulate matter. Ammonia is one of the main
gases emitted from laying hen houses. The ammonia emissions from housing systems for laying hens must be reduced to abate environmen-
tal damage. A study was conducted to monitor the concentration of NH3, temperature and relative humidity in layer house. Then the relation-
ship between the concentration of NH; and environmental factors were analyzed. The results showed that the average daily temperature was
(20.9+1.3) °C, (24.3+0.8) °C, (20.4+0.9) °C, and (14.7£0.9) °C in spring, summer, autumn and winter respectively. And the average dai-
ly relative humidity was 37.7%+4.9% in spring, 70.7%+3.0% in summer, 52.6%+3.4% in autumn and 52.6%=+1.6% in winter. And the av-
erage daily concentration of ammonia was(2.46+1.01) mg+-m™ in spring, (0.03+0.02) mg+m™ in summer, (4.72+1.73) mg+-m™ in autumn
and(3.05£0.41) mg+m™ in winter. The concentration of ammonia in the layer house in different seasons had a certain correlation with the
temperature and relative humidity. The change of the ambient temperature and humidity influenced the concentration of ammonia in the lay-
er house. It was observed that ammonia emission rates in summer were lower than in winter because the high airflow stabilized the manure
by drying it. The reductions due to lower moisture content were greater than the increase due to higher temperature.
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Figure 1 The layout of the monitoring points
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Table 1 Temperature and humidity in layer house in different seasons

loA H 443 B Daily mean temperature/°C HSE X HIXHE B Daily mean humidity/%
Monitoring points 7% Spring HZSummer  BXZE Autumn 42 Winter 2= Spring B2 Summer  FKZE Autumn  4ZE Winter
T ] 19.3+1.4a 24.3+0.9a 19.6x1.0a 15.0+0.8a 39.9+3.9a 76.6+3.3a 53.7+3.0a 48.8+1.4b
A 21.5+1.2a 25.0+0.4a 21.3+0.7a 14.2+1.5a 36.46.1b 71.3+1.3b 51.9+2.8a 50.5+1.0b
R 22.0+1.4a 23.7+1.0a 20.2+1.0a 14.9+0.5a 37.0+4.8b 64.3+4.3¢ 52.1+4.5a 58.5+2.5a
TR (A A Rl P RER R 22 53 8.3 (P<0.05) . Al
Note : Different letters in a column indicate significant difference (P<0.05 ). The same below.
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Figure 2 Hourly change of temperature in layer house in different seasons
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Figure 3 Hourly change of humidity in layer house in different seasons
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Table 2 Daily mean ammonia concentration in layer house in different seasons (mg+m™)

{37 Monitoring points 7 Spring K 7 Summer K Z% Autumn 475 Winter
bl b 0.81+0.26h 0.02+0.02a 4.38+2.20b 2.55+0.14b
) 3.26x1.47a 0.01+0.00a 6.26+1.59 4.17+0.40a
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Figure 4 Hourly change of ammonia concentration in layer house in different seasons

—224—

http://www.aed.org.cn



VEAEA, 55 P EE XS & N NHL W AU S A 520 B

201943 A

45¢
4.0 &>
35}
30}
254 o

20} ¢ XN o
15¢ ¢

Lol y=0.074 1-3.596 1x+45.17 8
R=0.7103

-3

NH. ¥ Ji£

Ammonia concentration/mg+m

0.5+

0 ey
19.0 19.5 20.0 20.5 21.0 21.5 22.0 22.5 23.0 23.5 24.0
W Temperature/C

B 5 HFBEMNHIRESBENEXYE
Figure 5 The correlation of ammonia concentration and

temperature in the spring

8.0
; I o
g 70 ¥=0.369 0x*~16.036 Ox+177.97
oo ol & R=0.4058
s 6.0 3
= Q
£ sof @><> o <
i C 00 o,
RE 40t o
« O
= 2 o
= 2 30t
o
<
2 20t %
Z 10t
<

19.0 195 20.0 205 21.0 21.5 220 225
W Temperature/C

B7 MFEBERNHIRESBENEXYE
Figure 7 The correlation of ammonia concentration and

temperature in the autumn

3771

-3

351
Q
3371 I

3.1

29f

y==0.007 12’+0.467 6x-2.27
<>RZ=O.57O 5

NH: ¥

Ammonia concentration/mg-m

o
27} <

2.5 L L L 1 L y
13.5 14.0 14.5 15.0 15.5 16.0 16.5
i B Temperature/C

9 EFBEANNILKRESRERNEXYE
Figure 9 The correlation of ammonia concentration and

temperature in the winter

3 #ig

()& N HEBREH 28 (20.9£1.3) C, &2
Z= 0 (243+08) C, ¥k F=H(204+09) C, & FH
(14.7£0.9) °C; H B XIREHE N (37.7+4.9) %,
KN 70.7%+3.0%, B ZE H 52.6%+3.4%, % & H

http://'www.aed.org.cn

4571
4.0 o
35+
30
25+
2.0+

-3

<
%

LSk o ¥=0.000 32°+0.095 4x-1.59
% R=0.736 3

0.5 F

NH. ¥ Ji

Ammonia concentration/mg-+m

0 e
30.0 32.0 34.0 36.0 38.0 40.0 42.0 44.0 46.0 48.0 50.0
AR Humidity/%
6 FEFGE M NH R ESHEXEENEXE
Figure 6 The correlation of ammonia concentration and humidity

in the spring

8.0

Ammonia concentration/mg+m™

701 ¥=0.056 92°5.560 2x+139.08
6.0k R=0.546 3

50
40F
3.0F
20F
1.0F

NH. ¢ Ji£

0 . . . . . . . )
42.0 44.0 46.0 48.0 50.0 52.0 54.0 56.0 58.0
X Humidity/%

8 MEBE M NH. K E 53R ENEX T
Figure 8 The correlation of ammonia concentration and humidity

in the autumn

371

-3

stk y=0.108 8x*-11.617 0x+313.01
< R=0.512 3

%

3371

31r

NH: ¥ i

Ammonia concentration/mg-m

291

27} <

2.5 L L L 1 1 ' s
5.0 515 520 525 530 535 540 545
AR Humidity/%

B 10 ZFBE RN NHLIRESHEEERHEXHE
Figure 10 The correlation of ammonia concentration and humidity

in the winter

52.6%+1.6%, 5t &4F6 (B B I E T REARE) (NY/T
388—1999) Hr R FHEEK .

(2) B 2238 45 N NHs H ~F- 2% B 24 (0.03+0.02)
mg-m~, FZH(2.46+1.01) mg-m™, HIT[ 145Gk T
S v ] ARG , Bk A 2253 51 R (4.72£1.73) mg-m™
F1(3.05+0.41) mg+m™, FL4& A A1 &5 3 1] o A1 XL
—225—



R RS MR

2R E 365 - FE 2 H

MLt o ZEH SR Hh AT A B8RS 7 9 NH VR
(3) X845 N NHa e B2 55 3052 FAH X B2 34 2 o —
E BYAROCHE B 2 il TR O R AR DG HE o, LIk
SRR AR (9 4 28, Bk R0 38 B, A DGPR3 5 .
ﬂ 558 (4 TR T R X R < P N VA 32 5 MR AR R, oA 2 7
VL E A R 2 A T T Y 2 AT A ) NHL Ik i
H@E%%%o

S 30k

[1] Fabbri C, Valli L, Guarino M, et al. Ammonia, methane, nitrous oxide
and particulate matter emissions from two different buildings for laying
hens[J]. Biosystems Engineering, 2007, 97(4) : 441-455.

(2] EH3C R T, TARS & AT E S & NA &R ER R
JEE SR ). o A CE BRSO, 2017, 33(1) £ 100.
WANG Zhan—wen, DENG Li, YU Fu-gui, et al. Reasons, hazards and
control measures of harmful gases in livestock houses during early
spring season[J]. China Animal Husbandry and Veterinary Abstracts,

2017,33(1):100.

(3] 5K 8L . 7 & A7 BRI P B2 AR NN T i S [D). i B
M2CHRAE, 2014.

ZHANG Shi-rui. Monitoring methods research for harmful gases in live-
stock production environment|[D]. Shanghai: Shanghai Jiao Tong Uni-
versity, 2014.

[4] TR, XVHTT, XILEHE, 55 . & & &7 F AR I H FN B¢
D5 FRHEE, 2014(3) : 11-13.

ZHANG Ying-ying, LIU Chun-qing, LIU Xiao—hui, et al. The source
of harmful gas in livestock environment and disinfection methods[J].
Feed Review, 2014(3) :11-13.

[5] Meda B, Hassouna M, Aubert C, et al. Influence of rearing conditions
and manure management practices on ammonia and greenhouse gas
emissions from poultry houses[J]. World" s Pouliry Science Journal,
2011, 67(3) :441-456.

[6] Fournel S, Pelletier F, Godbout S, et al. Odour emissions, hedonic
tones and ammonia emissions from three cage layer housing systems|[J].
Biosystems Engineering, 2012, 112(3) : 181-191.

[7] Ni J Q, Chai L L, Chen L D, et al. Characteristics of ammonia, hydro-
gen sulfide, carbon dioxide, and particulate matter concentrations in
high-rise and manure-belt layer hen houses[J]. Atmospheric Environ-
ment, 2012, 57:165-174.

[8] Le Bouquin S, Huneau—Salaun A, Huonnic, D, et al. Aerial dust con-
centration in cage—housed, floor—housed, and aviary facilities for laying
hens[J]. Poultry Science, 2013, 92(11) :2827-2833.

PIR XE 8 BhE, AT RSP EERE | 2R RER 1Y
TEMBHIEIN. Hh KA, 2008, 30(13):10-16.

SONG Yi, WANG Zhong, YAO Zhong-lei, et al. Effects of atmospheric
ammonia on growth performance, plasma ammonia and uric acid in

broilers[J]. China Poultry, 2008, 30(13) : 10-16.

—226—

[10] SRk, X1 2, 5K A
Mk, 2012(9) :42-44.
WU Di-mei, LIU Wei, ZHANG Li-li. Ammonia to chicken produc-
tion performance influence[J]. Beijing Agriculture, 2012(9) :42-44.

RONEPLTE S e (UF A Gl e 3

[11] Zhao Y, Xin H W, Timothy A, et al. Thermal environment, ammonia
concentrations, and ammonia emissions of aviary houses with white
laying hens[]]. Transactions of the ASABE, 2013, 56(3) : 1145-1156.

[12] Kilic I, Yaslioglu E. Ammonia and carbon dioxide concentrations in a
layer houselJ]. Asian—Australasian Journal of Animal Sciences, 2014,
27(8):1211-1218.

(131 #8 PR 0 W, MR, 45 . SRS X0 4 21 AL ARy
BRI R E K S, 2015, 37(1) :59-60.

SHAO Dan, HE Jiao, SHI Shou-rong, et al. Effects of bedding thick-
ness on ammonia, carbon dioxide and dust in a layer house[J]. China
Poultry, 2015, 37(1) : 59-60.

[14] FHEMG, BT, B, 55 LT & N NHL 125 18] 434 LA ).
B E PR, 2008, 40(10) :52-55.

WANG Shi-peng, MAO Han-ping, WANG Xin-zhong, et al. Distri-
bution of NH; in poultry houses in winter{]]. Animal Husbandry & Vet-
erinary Medicine, 2008, 40(10) : 52-55.

(1512 Z5, X0 W8, XUh3t, 45 S mns & 2 HRR N R 2R ).
€%, 2017, 39(5) :45-49.

LI Qin, LIU Peng, LIU Zhong—ying, et al. Main factors influencing the
ammonia emission of poultry house[J]. China Poultry, 2017, 39(5) :
45-49.

[16] Bmieds, Xgtn, 5 B, % . 22 &R IR & 2 B IRE R
ESHAE S AT P EZKE, 2015, 37(10) :26-29.
YANG Xuan-jiang, LIU Sheng—nan, ZHAN Kai, et al. Measurement
of environmental quality parameters and its correlation analysis of lay-
er house with eight overlap tiers cages in summer[J]. China Poultry,
2015, 37(10) :26-29.

[17] HZEER, BRI, 2R I, 45 2 8 U T IR A & Rk A& 2245 B0

BRSBTS P EL, 2017, 44(5) : 1565-1570.
SHEN Li-yan, SAREN Na, NIU Jin-guo, et al. Study on environmen-
tal quality parameters in broiler house with three —overlap cages in
winter and autumn[J]. China Animal Husbandry & Veterinary Medi-
cine, 2017, 44(5) : 1565-1570.

(18] MR, A= [, XS, 45 JR B S0 R TR G & PRE
AFEERFIE[)). P EZKE, 2016, 38(18) :37-41.

SHEN Li-yan, NIU Jin—guo, LIU Wen—ge, et al. Study on distribution

S8

characteristics of environmental quality parameters in broiler house
with three—overlap cages[J]. China Poultry, 2016, 38(18) :37-41.

[19] BT 1L, BV, BB, 45 . 4 229 PH XG4 IR BE 0 2 SR E 43
A HAHITFEN]. A BLILATIE, 2012, 40(12) :210-213.
CHENG Xiu—hua, MAO Han-ping, ZHAO Guo—qi, et al. Study on
distribution characteristics of temperature and humidity and ammonia
inside henhouse in winter{J]. Journal of Agricultural Mechanization

Research, 2012, 40(12):210-213.

http://www.aed.org.cn



