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Monitoring and analysis of thermal environment and harmful gas concentration in a piggery with a new
manure cleaning system

LI Zhonghan, ZHANG Keqiang, BA Shidi, YANG Zengjun”

(Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China)

Abstract: In order to explore the environmental indicators, obtain effective monitoring data, and provide a reference for improving the
environmental quality of a pig house with a new manure removing system in a large—scale farm, a piggery with a new type of manure
removing system was selected as the research object in this study to conduct seasonal monitoring of the thermal environment indicators and
harmful gas concentration and analyze the seasonal variation in temperature, humidity, and ammonia and hydrogen sulfide concentrations
in the piggery with the new manure cleaning system. The monitoring results show that temperature and humidity ranges in different seasons
were 14.7~31.8 °C and 62.7%~75.3%, with annual mean of (21.8+4.1) °C and 69.2%=+2.5%, respectively. Ammonia and hydrogen sulfide
concentrations ranged from 1.89 mg+m™ to 10.47 mg+-m™ and 0.59 mg-m™ to 1.39 mg+m™, with annual mean of (5.48+2.12) mg-m™ and
(0.86+0.17) mg-m™, respectively. There were also seasonal variations in temperature, humidity, and harmful gas concentration in the pig
house, with the highest harmful gas concentration in winter and the lowest in summer, and kept in the appropriate range throughout the
year. It seems that the new manure cleaning system can maintain the appropriate temperature and humidity and effectively reduce harmful
gas concentration in the piggery, which can provide a good environment for the growth of pigs.
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Figure 1 The technical diagram of the rapid manure collection and transportation system based on slatted floor
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Table 1 The parameter indicators of monitoring box

LioalllE =R A HGr Je 3 TRIERES
Detection index Testing principle Main performance parameters
NH, e 3 IR 7S HFE:0~75.89 mg-m™

NH; concentration A% :0.38 mgem™
H,S e RS HFE:0~151.79 mg-m™
H.S concentration K% :0.76 mg-m™
ity s FAGERES i ~40~80 C
Temperature FEE:0.1C
AR BE ITATerS H:0~100%

Relative humidity K :0.1%

1.3 BIEAE 554

10 57 A A KO 5 2 B3k P A2 i e e (T v
FL DS 0] ) T R R S A L 0RO R /NN 2y
(B R R AR /IME . GETF B T e A LT/
B (E . SR FH Excel 2019 #5144 4b 32 %5 35 | Origin
2018 B A4 1], SR FH SPSS 25 B4 k475 2243 #r L 3F
AT B E VAT

2 #ER5iTie

AN TR) 2545 5 P97 B9 B RE VT B NH VR B
HSWENL R 2, £ WREZLETA R, BFRE K
1o, TR R IR, KR B B S TR R (P
0.05) , 4% 25 17 - 34 Ik B AR 76 AR BT 75 1E Va2
W &N E 2 R AR E S TR
Z BEMEZE(P<0.05), &N NH IR EA K,
575 R A IS R) A X, 5 P9 G NH R B I A&
=ZE(P<0.05) , MAZEN T ORUEA N IRLEE , 38 XU (]
AR, FEONH & N R 82w FHRZE,
H.S VR 5 NHL R B AR b AR — 30, E Z= eIk,
AR, B EER AR
2.1 ENEGRE

H 5 T B /N B Y- S4B AR A R 25 78 Ak G R 2a N
RPN, KIS T dIRE H AL LA LA A
], = EERE SN AR B AR i el AR, 2 B THE TR R
My s AR AR IRy (21.8+4.1) °C M4
i 110 o I B RN A e WL 43 501 R 14.8 “CHRI31.5 °C5
ZOE R N (21.1£1.9) °C, B I Jy (27.2+
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], eI FHE R 16 °C, fiem Wk 28 C. BT R
HNFUR 3 2 T B0 IR L I P, AR R
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(B, W B S s A e 28 CCARIE T 16 “CAY I ) 4351
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Table 2 Changes of temperature , relative humidity , NHs and H,S concentrations in pig house in different seasons

FREEFEFR Environmental index #+2% Spring K 2 Summer FZ Autumn A7 Winter
SFH5IRJE Average temperature/C 21.1+1.9¢ 27.2+2.2a 21.9+1.6b 16.6+0.9d
SEIAIREE Average relative humidity/% 68.2+3.7¢ 67.4+4.1d 68.9+3.1b 71.9+4.4a
S NH e Average NH; concentration/(mg-m™) 5.37+0.98h 2.71+0.56¢ 5.57+0.67h 8.28+1.21a
2 HLS ¥ FE Average HaS concentration/(mg+m™) 0.82+0.11b 0.69+0.19¢ 0.79+0.13b 1.12+0.25a

T AT R AN R PR R ZE 1T 1] 22 5 2.3 (P<0.05) o

Note: Different letters in the same line indicate significant differences among seasons (P<0.05).
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Figure 2 Hourly variation of temperature and relative humidity in pig house in different seasons
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Table 3 Monitoring data of temperature and relative humidity in pig house in different seasons

H4EFEFR Environmental index Z=15 Season #5/)ME Minimum i K {E Maximum XA Average T K22 {H Max difference
T %2 Spring 17.3 25.8 21.1£1.9¢ 8.5
Temperature/C 5% Summer 238 315 2724224 8.7
B Z Autumn 18.2 25.1 21.9+1.6b 6.9
K7 Winter 14.8 19.1 16.6+0.9d 43
AEXS %2 Spring 62.7 73.5 68.2+3.7c¢ 10.8
s i) i — 625 72.1 67.44.1d 9.6
K Autumn 64.1 73.4 68.9+3.1b 9.3
A7 Winter 68.0 75.3 71.9+4.4a 7.3

TE : R AR R OR ZE (] 22 5 35 (P<0.05) o R,

Note: Different letters in the same column indicate significant differences among seasons (P<0.05). The same below.
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Figure 3 Hourly variation of NH; and H.S concentrations in pig house in different seasons
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Figure 4 Variation of NH; and H»S concentrations in pig house in different seasons
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Table 4 Monitoring data of NH; and H.S concentrations in pig house in different seasons(mg+m™)

FREEHE AT Environmental index Z= Season I/ ME Minimum K (H Maximum —— SEE{E Average e K 22(H Max difference
NH, 47 Spring 3.89 7.87 5.37+0.98h 3.98
H 7 Summer 1.89 3.55 2.71+0.56¢ 1.66
#Z= Autumn 4.39 7.55 5.57+0.67h 3.16
472 Winter 6.50 10.47 8.28+1.21a 3.97
H.S 42 Spring 0.71 0.95 0.82+0.11b 0.24
K 2% Summer 0.59 0.81 0.69+0.19¢ 0.22
2= Autumn 0.66 0.94 0.79+0.13h 0.28
27 Winter 0.91 1.39 1.12+0.25a 0.48
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