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Distribution of Particles, Ammonia and Carbon Dioxide as well as Physicochemical
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Abstract: The aim of this study was to investigate the distribution of particulate matter (PM),
ammonia (NH;) and carbon dioxide (CO,) in an enclosed caged broiler breeder house as well as
the component and ultrastructure of fine particulate matter (PM, ;) collected from the hen house
in winter. Detections of temperature, relative humidity, airflow speed, illumination and concen-
trations of PM, NH; and CO, were taken from 05:00 to 21:00 in every two hours for 8-day con-
tinuous measuring in December 2016 in an enclosed broiler breeder house with 7 monitoring posi-
tions inside the house and 1 outside the house. There were 5 626 Youai breeder hens of 57-58
weeks old in the house. Furthermore, particles sampler was fixed at the middle position of the

breeder hen house to collect PM, ; for 16 h per day which was used to analyze chemical composi-
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tion and observe ultrastructure. The results showed that: 1) The temperature, PM and NH, con-
centrations in forepart of the breeder hen house were markedly lower than middle and back posi-
tion (P<C0.05). The PM, ;, PM,, and TSP concentrations inside the breeder hen house were sig-
nificantly higher than outside the breeder hen house(P<C0. 001). The PM, ;, PM,, and TSP con-
centrations all were the highest at feeding time (05:00) in the morning, and these were the low-
est after turning off the lights at 21:00. Whereas the ratios of PM, ;/PM,,, PM,,/ TSP, PM, ;/
TSP were the highest when the chicken flocks were quiet. Airflow speeds showed significant cor-
relation with other microclimatic variables except PM, ; (P<C0. 01). The CO, concentration and
airflow speed were affected indistinctively by ambient air outside the house. 2) Organic carbon
(OC) was the mainly component of PM, ; collected from the enclosed breeder hen house, concen-
trations of NO; and SO}~ were also relatively high comparing with other components. It was
observed that the PM, ; of layer house contained many mineral particles and a part of smoke col-
lection by electron microscopy. Energy spectrum diagrams of PM, ; revealed that both mass per-
cent and atomic percent of C and O were the highest. The PM concentrations inside the monitored
house were higher than outside. Air quality in the forepart of the house (air inlet) was better
than middle and back. Chicken activity mainly caused coarse particles (PM;,, TSP) increase.
Organic matter and mineral were the major components of PM, ; from the enclosed breeder hen
house, which mainly come from feed, feces and ground dust.

Key words: broiler breeder house; particulate matter; noxious gas; PM, ; ultrastructure; PM, ;

component; correlation analysis
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1. Door; 2. The second door; 3. Wet-curtain; 4. Chicken frame; 5. Large fan; 6. Small fan; 7. Measuring point; 8. Feed

room; 9. Office room
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Fig. 1 Floor plan of the chicken house with measuring points marked (Unit of length is cm)
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Table 1 Comparison of temperature, relative humidity, airflow speed and illumination at different positions in the layer house

RS B/ C AHXTREE /%6 K/ (m s S/ 1x
Monitoring point Temperature Relative humidity Airflow speed Illumination
fij Forepart 13.44+0. 14¢ 60.4241. 38° 0.1984+0. 006" 51.6945. 43"
- Middle 16.06+0. 12° 66.57+1.04™ 0.166+0.005" 54.06+5, 75"
J& Back 14.1540. 19° 68.840. 90 0.17540. 008" 35.61+2. 69"
| Upside 15.814-0. 15° 64.4841.11% 0.159+0. 004" 56.9346.18%
T Lowerpart 16.24=+0. 14° 65.34+0. 88" 0.18040. 009" 48.6945.03"
B South 14.63+0. 13" 69.93+1.17° 0.17940. 006" 71.29412.19°
Jt North 15.1940.12° 70.28+0.99* 0.160=40. 004" 75.24+38.76°

6] 5 B0 8 AR R/ NE FBREAS TR 43 51 s 25 S B8 3 (P<0. 01) #1225 57 8.3 (P <C0. 05) , T bR PR AH [F] R 22 R R B 3 (P >

0.05), F#IF

In the same column, values with different capital letters or lowercases mean significant difference between positions (P<C0.01)

and (P<C0.05). The same as below
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The same as below
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Fig. 3  Comparison of particulate matter concentrations at
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x2 BEPPM FTEHTEE
Table 2 Component contents of PM, 5 in the chicken house
it B R/AME/ (pg « m ) mARME/ (pg e m™ ) SFHEE/ (pg s m ) JiEE 5/ %
Item Minimum value Maximum value Mean Mass percentage
it Carbon
TC 42. 30 65.79 51.24+£5.32 30.52+0.71
0C 33. 39 50. 16 39.66+3.99 23.63+0.40
EC 8. 80 15.63 11.5841.44 6.8940.45
B+ lon
Na™ 0.50 1.01 0.70+0. 11 0.4140.03
NH/ 8.94 15.13 12.6441.33 7.5740.61
K* 0.63 2. 64 1.3440. 46 0.77+0.19
Mg®" 0.31 0. 40 0.34740.02 0.2040.01
Ca*" 2.58 3.44 3.0740.19 1.89+0. 23
F 0.19 0.42 0.29+0.07 0.124+0. 04
Cl™ 3.07 9. 87 4.80+1.69 2.6940.62
NO; 17.36 32.00 27.03+3.29 16.3142. 15
SO~ 10. 46 16. 27 14.4341. 34 8.7240.88
JGZ Element
Na 0. 00 0.08 0.03+0.03 0.02+0.02
Mg 0.03 0. 34 0.12+0.07 0.06+0.03
Al 0.01 0.03 0.0240.00 0.014+0.01
K 0.75 2.02 1.394+0. 31 0.83+0.18
Ca 0.22 0.92 0.55+0.17 0.32%0.09
Fe 0.48 1.22 0.88+0.19 0.53+0.13
TC. &Mk OC. AP EC. JTR Kk
TC. Total carbon; OC. Organic carbon; EC. Element carbon
x3 BEF PM, KBRS FIEM Pearson iHX RE
Table 3 Pearson correlation coefficients among water soluble ions of PM, 5 in the chicken house
B Ton Na™ NH; K* Mg** Ca*" F Cl™ NO; SO;
Na® 1
NH; 0.496 1
K" 0.973" 0. 361 1
Mg®" 0. 945 0.704 0.915 1
Ca™" 0. 204 —0.474 0.158 —0.121 1
F 0.934 0. 445 0. 846 0. 810 0.461 1
Cl™ 0.952" 0.626 0. 947 0.994" " —0.103 0.796 1
NO; 0.027 0.878 —0.130 0.278 —0.584 0. 040 0.178 1
SO; 0.183 0.941 0.025 0.422 —0.550 0.181 0.326 0.988" 1
©. P<<0.05;" . P <C0.01;""". P <C0.001, —. FRMAMEKR., FTEH

—. Means negative correlation. The same as below
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Fig. 9 Microscopic morphology of PM, ;5 in the chicken house
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R ) 2 BH HY B 3 OE M DG 56 R (P<C0..001),
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Ko HER
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T e 5 T 52 W) AFDE B K o 5 8 B 455 A0 468 PR B 08 B2 LA
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WEFEIN Ry o AE XS T 1) 55 285 B2, 55 5 90 B8 4% 11 b X8 4 ]
AISZIR TR . AR IR AR A ZE AT 0 & N A [F] 6 1Y
SR IR B L AH XTI RE L RGO B B Ok 13, 44 ~
16. 24 °C .60. 42%~70.28%.0.159~0.198 m « s~ ',
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Fig. 10 Microscopic morphology and energy spectrum diagram of PM, s in the chicken house

35.61~75. 24 Ix, AN [A] B[] (4 4% A 3838 Bl 9 01l Ay
14. 18 ~15. 72 “C.62. 65% ~67. 82%.,0. 155 ~
0.210 m+ s 'l 2. 00~112. 84 Ix;H: vy B Fi1 BE Jir
P56 rh AR N R 0 A AT M A o i A T 1
35 B AH LAY A5 AE AT BIF 5T A R AR X B
Bf 4 A B 10 52 i) DAL 3R BE 19 AN (] 7 R TR LR 9 O
FLR AN E & 0 R ol AR B . S MG S

R A FIEE TG & FER = 1 & N IR N
8.9~12.5 C,MIXHBE N 54. 3% ~67. 0%, HKTF
AR NG Ay 4 3 5 1 50 X B 1 Hb B A XS < 45 4
AARK I F S AR I8 X8 5 07 AR X i g 5 L 3 1A 2
BRI S SR TR AR A, BRI Y
ARNE . ARENCRZA A KL, 5 TR
A B 5T — B



6 4]

PR A TR A RS A S SR LB T AR BR A A A R PML - AL S 43 T 1187

x4 BHULERSREFSE

Table 4 Mass percentage of particulate matter chemical composition %
Y63 Spectrum C O Na Si Cl K Zn P Ca
A 56. 14 34.71 1. 50 7.65 — — - - —
B 52.98 32.44 — 3.72 2.05 2.04 4.01 — 2.75
C 21. 86 47. 44 — 3.04 — — — 12.22 15.44
D 38. 85 36.08 — 23.62 1. 45 — — — —
E 43. 54 39.07 1.09 10. 76 1.48 — — — 4.06
SF-H9{H Mean value 42.67 37.95 1.30 9.76 1.66 2.04 4.01 12.22 7.42

CURIRRKINE] . TR

“—"”means no detection. The same as below

xS BHYMUERSEFHBESL

Table 5 Atomic percentage of particulate matter chemical composition %
3% Spectrum C O Na Si Cl K Zn P Ca
A 65.08 30. 21 0.91 3.79 — — — — —
B 64.76 29.77 — 1. 95 0.85 0.77 0.90 — 1.01
C 32.08 52.27 — 1.91 — — — 6. 95 6.79
D 50. 77 35. 39 — 13. 20 0. 64 — — — —
E 54.59 36.77 0.72 5. 77 0.63 — — — 1.52
FH{H Mean value 53. 46 36. 88 0.82 5.32 0.71 0.77 0.90 6.95 3.11

A B C
~glS5 a ~gls g 15
(o) e — o - .Q
5 E LA 5 E p A R 5 E -
gg 107 ¢ 2210 2E 1.0
N = =] Ly
%80-5 %80.5 %805
el el of=el
Z Z 0.0 : . . ZZ 00 . . . ZZ 00 : : v
i it I I8 th b I
Forepart Middle  Back Upside Middle Lowerpart South  Middle North
D E F
fgé 3000 ) a a ;I;é 3000 b o " :Igé 3000 a
£ g 2 £ g 2 £ g 2 000 =
= o = o = o
§§1ooo §§1ooo §(§1ooo
'S Yol 'S
8 ) 0 — T — 8 o 0 T T T 8 o T T T
i i Jei ac aN T 7] ok 1t
Forepart Middle Back Upside Middle Lowerpart South  Middle North
E11l FESBREEBESAEMENIL
Fig. 11 Comparison of noxious gas concentrations at different positions in the chicken house
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