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.1.1 PFE#A

AL A8 37 07 SR 08 A WR A% <55 S ML XU 1] =X
¥, EIFIRSE (Kx%xE) N: 81.4 mx38.5 mx2.4 m
(BT, HAREEChPimss KR . o, X%
HWNEAPRA AL 420 A, BABRAAZRST N 0.55 mx
2.10 m; BEFRAEIE 186 4, AN HEFRAE ST N 2.5 mx4.8 m.
WAREL AR, &K 08:00—10:00 5 14:00—16:00
BRI, BIKEE 1 3~1 1 4, FEAEEFRRL 1AM
oK, BROIEIEVOKSA T BN, RHEARA
13.4%. 367575 H 7 OV RIS, FETIBEFEIBE AN 204,
AR TAER 07:30—09:30 3k NFLAL A 75 B b H 2 17 2
5.

FE¥E 42 (Single-floor Pig house in Winter,
SP-Winter) KA AMLALRE, WERE N 19.0C,
MRV UL E S g o &g Ad KU, 8% X
LA = AR, EANHRMME DN BT =AM X, AR5
MR R E NS s W 2 B BOE K B 1
(08:30—17:30) FFJi 4 4 36 sF XML (BE: GSI, HiF
1.2m) F4#%)2min30s, {Z12min30s, 5min 1 ME
s BB 2 (17:30—08:30) FFJg 2 4~ 36 ~FIRML, i)
3 min, f#1k2 min, 5 min 1 MEHF . =856 1 [7]56
WEmFEER 813 3k, By ERUTER, PRk
RN 125 kg, FIWFEEN 337 m/k, B
37.1 kg/m*; AZERIGH A 2019 4 12 A 21 HZ 2020
1 A 14 H, R T U615 600045 R HES 20 N 385 .

FEMaH 7 (Single-floor Pig house in Summer,
SP-Summer) )& 2 4> 54 ~} @ HERXHL (555 GSI,
HAE 1.8 m), RHANEA-MHL R G AT IE AR . 22K
I AR I S AR R 1149 Sk, TR HEE A
238 m*/3k, Bl 52.4 kg/m*; HZERIGHT A 2020 4 8 A
27 HE9 H4H.

1.1.2 #E%4

R T AR R A TR, 3t 5 2,
FE 4 DI, ERURE 1 MEIRE & 8 elE ik s
&, BB (KxBixdifim) 52.8 mx23.4 mx2.55 m,
EHWNILH 4 TIBEFEE, B 17 MER, BAER RS
54mx 3.0 m, FENIRAEHIRTEE 3.0 m, SCAARHE T %R
2.4 m; DT SONHUR E S, R 1 kd, B
[ 15:00; FRHHEAFN 142%. NG N
BIFEMRIESE, IEFMEN 2 d, TEFENE 5904 08:00
—10:00 F1 16:00—17:00, 137 SN E B AETE N #5,

HZEM G54 (Multi-floor Pig house in Summer,
MP-Summer) /5 2 4~ 57 SFHEXAML (F &8RN, B
7 1.9m), RAEMR-KHLRGHATIEXFR . N H
FEAMHEGE, &R AR & o g, g
TR EIRIE R 30% IR AR . RIHE & oot iE 8
RAFR (KxExE) 23.4mx0.9 mx3.0 mo 4 A L4 F: 1
PREFRE 406 Sk, SACONGIHEER CRAMKED, P&
AR iR 200 kg, TIFREE S 2.71 m/3k, {1 73.7 kg/m'’;
RIGHS N 2021 FE9 H2 HE 9 H 11 H.

1.2 MEIBIRAGE
1.2.1 FE#4S

WIGIATE 24 h ELS WA NAMNRFE . HXTEE
(WSZY-1 Y, Jbrt REELO FHR L CO, W
(WEZY-1 2, Jbmt REELO, RFEMEFEN 10 min, &
PUURIEEEI A5 . (oSG TR ST E 4 AN, TS
B EA 1.50 m; COL M ASALF XA 20 cm ) XUATLF
LRARUS, R CO, PR S S R R B R B = R A
€2019 4EFER = SAEAR) FBIE@13.2x10°)), 4
AL P FAF DGR B DU 5 A, TS A 0 T A, B 3
BFEMFAN, BEEHE 1.5m; WMAHE LA 1,

NH; ¥ FE AR 7 0805 a8 IR 77 40 e Y FE V)
HI533—2009 FIE R, L) 0.01 mol/L IR TR ER1E WL
W, WERSSAREN 6 minx0.5 L/min, SKAESEH A
BHE D, EAEHANREE, HT 4 HEREEN T
NH; FE S H CO,s HERIT NH; 3B o', NH;
WIERERFEAE N 2019 4F 12 A 29 H—12 A 31 H,
HELL 3 d BRI 3 IR, RAERTE 2350 08:00—09:30,
14:00—15:30 F1 20:00—21:30, HAth H HRFESZ K% H
1%, KFEWA]A 20:00—21:30. 2020 4 8 J1 28—29 H
19 A4 H—5H, & HXFE4 K, RFERS 5354 08:00,
10:30, 14:30 1 17:30, LA ERRASKAE ¥ E G RFE 3 IR

AfiEEEENE, TEE&XZ (SP-Winter) X
FH AL T TR S0 72 0 o B AML IR X, 3 T i 2 A JE
R P SR T8 2R T ) RGTE R ] S T e R T

(WWFWZY-1 54, Jb 50 R A4, RS FYE Y 0.05~
30 m/s; KRS <SR (5%+0.05) m/s). “FERE
%5 5 28 (SP-Summer) @i ST & Y A1 R 2 (DP-40 2,
PN ZE BRI A R AR, WEVEE: 0~125 Pa; 4
P 0.1 Pa; ISR <£0.5%FS), FFARHE 4 A XL
TEARRI T K2 Bess 5256 % b € 1M £5 HIAS [ i R 22 T 1)
S AL SR H A PN S Bl KU
1.2.2 #E5#4

TR 6 U ) 322 2 00 <55 PN AL S S AR R ({8 Y
SHFERELAERE) . & NEEYSRE 4 M
R AR 1.50 m, A AN R 5 5 )R S
AV B R 42 (SP-Winter) 56, WK 1.

KH INNOVAI1512 Ye =S AR MM (Luma Sense 22
Al PHEED s I AR B e HE A MIN I 308 25 5T 5 1) NH;
A COL IR FE , 1Z A3 54N FIRF 7' M6 FE 7 YHI533-2009
DR ERE R RS AR—50, L 8 AN REE SR UCR S
TAARRER S 2 DNHERXBLAL &5 1 AN A GRS RDD;
eSS AN, AR E AR, AR YRR S 6
AN A Y5 A TR B SR AR A . AR SRE R
KA aESE, CAB IR R AN . [FI, R
TG A TR SRR R R TR, RS S
U] 6 AN KA 55 B Bl 5 % B AR R 1 CRIUR AR
KB 50 cm, 4% 88.9 mm, #MF 90 mm) Pl REGITIE
AR ARSI A AL 5 1T T A R0 78 B B AT e v I
F4%i 5 EA21Z-AC100040)
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1. Wet pads 2. Stall housing pens 3. Group housing pens 4. Fans 5. Temperature and relative humidity sampling points inside the room 6. Air
velocity sampling points of the exhaust fans in winter 7. Sampling points of ammonia and carbon dioxide concentration in winter 8. Sampling points
of ammonia and carbon dioxide concentration in summer 9. Sampling point of static pressure between inside and outside room

a. “PREMEIRNE &

a. Single-floor gestation sow house
N /2 rs r8
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234m
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528 m
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LoBFSM 20 BERGEIERS 3. MR 4. JRIE S JRSEMMR 6. SHfAMhTH 7. HEXUANL 8. fLEEIUERS 9. SNIRIEEERAEE 10, HER
PHLREERAE 2 11 NHyRICO, 3K B R 55

1. Bird net 2. Air inlet cotton filter 3. Wet pads 4. Clean aisle 5. Slatted floor 6. Solid floor 7. Exhaust Fans 8. Chemical scrubber
9. Temperature and relative humidity sampling points inside the room 10. Air velocity sampling points of the exhaust fans 11. Sampling points of
ammonia and carbon dioxide concentration

b. B U YRAE &

b. Multi-floor gestation gestation sow house
Bl Kgens-tam 2H

Fig.1 Measuring points layout of the experimental pig houses

1.3 BB ESE LEREXE, mY/(hke); n NIEREL ks m NEIIER
1.3.1 #@RF FEIATUE, ke
S FH AL B T 2 3000 92 o A 6 XL Sz o X 2 1.3.2 &dk#EERE
THEAN NH; il CO, HEBCR fiH 52 K R
3600 PT, L
V}—S.Zl Vp.PoT QD) E_m'(cout_cfn) Y
%:&ZW (2) KA E BREE AL T 2 S AR 35 8N i HECE,
v g/(h-kg)s o R AR/ PR SRS, mg/m’;
L=—" (3 ¢ AR ORI FASUATREE, mg/m’.

bt VA 2 BRI T ST, iy § g, 50 RARE »
BUHKIETRL, w7, ot MG, mis: T J9RREA NH3\ 1 CO, Ei@ﬂffﬁlg ERD(Emission Rate per Day)
SPNHPAIRIE, K Ty WHRIERSE PR, 273k, GROMIRASIET:

P RSTRE AN PR RUE, KPas Py JobRAEIR L F AUk ERD=} "E (5
fIIE 7, 1013 kPa; V, ABRAERGL B K A SLhril X, 1.4 BUBDHAE

mhs i NEEENTEERHLEH: L bR T & K Microsoft Excel 2021 HAFHI5 A FE AT Kt
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KH SPSS 26.0 F AT A M i 5 B b, Horp
P<0.05 NEEZEZR, P<00l NREZEER.

2 HBREHH

2.1 SRHNEEEMEXNE

THE S 256 E B . XTI (Relative
Humidity, RH) X 1 F95E, St o insk 1.
o R 56 U 1) 4 K [ — W) ) B 1 8 PR RS SRS 34, 15 T
Bt S IR AR, SR 2.

3 1 ar%n, RGN, 7242 (SP-Winter).
S E R e 2 Z (SP-Summer ) Ik B e H =
(MP-Summer) 5 #}F-35i B 7353l (—11.8+6.6) « (17.3+
5.1) f1(23.143.6) C; & WP 358 FE 43 1 8 (19.9+0.5) <

(21.3£1.1) 1 (23.1£1.5) C s &5 3 H X 18 B 70 0 A
(68.2+3.7) %+ (72.4+7.7) %M1 (78.7+6.4) %. HIF 2 Al %0,
FEHEAEENIRERIITE, FEESEENE
HEEESENRE 2 RIEIEET, 06:00—15:00 BFHEE
FFb, BEJE R, GB/T 17824.3—2008 (FUBOE AR5 2
BRI HEFEM) 2 PRI UR B A P e R Y e
BN 15~20°CH 60%~70%, 65 i ANEiEE 27°C,
BARANEALT 13°C, HXHEERFEAEL 85%™), 2%
EHRAE, TEREES. MBEEEES. SWIRIEEY
A B R S ARPR R . P L, BEAE RE R s 2
RRAF, FEFROREGT Z 0 & AR b5 A 35 % 2K
HUBGE RS Ay, &2l AR SR XWLAERE, H 2R A
PRSI, B S A R M fe R 4.

FT1 BEAIINEEEMBENE

Table 1 Temperature, relative humidity inside and outside sow houses and ventilation rate
R o 4 Indoor 44k Outdoor 18 X\ & Ventilation rate
Fxperimental sow s HAhRE g HAHR BB 1 Stagel B 2 Stage?
Temperature/C  Relative humidity/%  Temperature/’C  Relative humidity/%  (08:30—17:30)/(m*>h™")  (17:30—08:30)/(m*h™")
SP-Winter 19.9+0.5 68.2+3.7 -11.846.6 62.8+15.7 9614.9 5768.9
SP-Summer 21.3+1.1 72.4+7.7 17.345.1 78.6+17.3 99 680.6 99 680.6
MP-Summer 23.1£1.5 78.7+6.4 23.143.6 77.2+12.7 145 632.2 145 632.2

#¥: SP-Winter. SP-Summer 1 MP-Summer 73 3l 9°F B & 4. FREESEEFAMEHEESR (THD.

Note: SP-Winter, SP-Summer and MP-Summer mean single-floor pig house in winter, single-floor pig house in summer and multi-floor pig house summer, respectively

(the same below).

2501
O 240f
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‘g 20p - = = - SP-Winter
é 20t —— SP-Summer
2 210k —— MP-Summer
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= 200F - - =acmao~TL

19.0 e " 5 :
00:00 04:00 08:00 12:00 16:00 20:00 00:00
i 1] Time

H2 & N-FHEERE

Fig.2 Average hourly temperature inside the room

FEBEAERA 2 B, 2580 E 1
(08:30—17:30) FIFTEt 2 (17:30—08:30), iHHAEF|X
ZRIG A 2 B BUl RCE S 7 0.09 A1 0.06 m/(h-kg),
% T GB/T 17824.3—2008 (FUEIE 173115 2 50 S R 458 55
HL) HEFE R UE YR BER 8 & ZE XS %10.30 m’/(h-kg)]*!
1 3E E MWPS (Midwest Plan Service ) #f 77 ff)[0.14
m/(hkg)]* e PR BRI 0 i 2 A K K
43509 0.69 F11.79 m*/(h-kg), B X E =T E 4
FREEFRUEHER 19 0.60 m*/(h-kg)™), 1K T35 MWPS HEFER)
1.70 m*/(h-kg)™, 1 Ji5 # B 2550 M e T e [ 2
FEE R EE FRE.

2.2 SixHRE
2.2.1 NH;

TG ] I NH, HERBCR gt 25 F0 B sk 2. |
3a~[& 3¢ T AT EME & 425 P B & B = D
& H 2 NH; A3 SREUEE 588 & 2 245 H [7 — i (R B
1) NH; HERCR - FIME, 1521 PR NH; HE8CE, 45
LK 3d.

RIGHAN], 3R 2 Wk, FEHBELFEN NH; T
HIHEBCR[(0.7£0.2)mg/(h- k) |7 % TF 2 5 4 5 ZEHECR
[(2.7+1.3)mg/(h-kg)], FEJEF TR &5 =& Wil X
HARE[(21.3£1.1) CIY AT A ZF[EE(19.9£0.5)C].
JE AR T RE 2 B N KRR R, 1 OK s 3R T KU
3G R AL T R fE— iR XA, PR B E 1
B o I R 0 Tt g e, AR IR A R AR 2
NH;!'. [FR, EFE REZREE (524 kgm®) &1L
2 (37.1 kg/m®), {RFFIE B 3R % A R TR m A A
TERE, AN PR NH; HEECRP . d i 3a vl 50, FEM &
A ZEdr N NH; HEBCR 20— @ sl ik, BB EF VAR
i E T A e 0 AN 52 AN e K b e BERE MR
N Sk ek M s A S HEBCR, BEA TR,
AR B 3595 S /KR MR i g b, g & 3b "]
W, PEEEEEENAEH 4 ANENETEEF, 08:00 W
8 NH; HEB % = T 10:30. 14:30 A1 17:30, FEFEK K%
i) 5 53 AR S FE N [A] (07:30—09:30) —Z,
THEZ G TR R, TR S S E SR

2 NH; HEEREHERSER

Table 2 Average and range of emission rate of ammonia

(mg-h kg™
R SRR FEnE|
Experimental sow houses Average + Standard deviation Range
SP-Winter 0.7+0.2 0.2~1.3
SP-Summer 2.7+1.3 1.2~8.1
MP-Summer (BS) 6.4+1.4 3.8~11.7
MP-Summer (AS) 3.8+0.8 2.3~6.6

iE: BS M AS 235 i pE ST AL uESE CRFD.
Note: BS and AS mean before the scrubber and after the scrubber, respectively
(the same below).
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i 1] Time
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Fig.3 Variation of Emission Rate (ER) of NH;

P 3 0 4 B 2R R 90 38 T i A 3 1) NH P340
RN (6.4+£1.4), (3.8+0.8) mg/(h-kg), FHHiZid
e NH; A — @ e EH . FMENEZ, BEEEE
FiERATEN A SRR T T PERE RS, R
JR A PANRIG I & 2875 PR R, Hodr, Bk
& 5 2T OO EI B0 38 CImgethiR TR1ES), 1
FEA ARG P HAR S5 3TV, 3 R P 3
578 5 I ARVECK . TP 208 i B 224y A 3 G2 TR R
Ja . KethdR EEREE IS\, D S Hh T ) 2SS
AR, FHRES5SAY BER AL D T NH; PR,

gE b, R AR A I KR SRk B2 A Y 385 R TH
BAE BT SHCR . B 3¢ f13d &I, &R
% NH; HEBSCR A BON S H AR g, s
T JE NH; R T —3 (R=0.95). Wil 3d FiR,
IEPE RS AT NH; HERCR I 2 B0 e A8 (b A, 20 51T
08:00—10:00 1 15:00—17:00 & FEAL , 55 FEHE FE0T
(B B — 5, 12 &I AR 1B %18 3R 10 R S R ik NH, BRI,
5B N e g SR — 500
2.2.2 CO,

BRI 3 1B W R B8 0 A CO, FUR A GE it 45 SR
m#k 3. W 4o~ 4c M3 ER-ELAE FERBGE
R G & H 2N COy HEER . XS0 1 ()4 K A —
I [0 BE IR CO, HEBCR SR 35, 15 P38 I CO, HES
S5 R 4d.

3 FIE 4 o750, PREEEEZESHN CO, T
R [(1 024.4£247 3)mg/(h-kg)] iz &= TV E W & & F
[(373.6+98.4)mg/(h-kg)], 7341 i A oA B 2= Al XL i i T
A2, mNEAERYLBRRSE—ERE EREE CO,
FE, HSTEAR RN HEH KRS A, e m R HeRP,

FREBEEFEN CO, THHI R & T &R it
JEARHI[(568.7£253.5)mg/(h kg)], - B3 3| & N 1Rl 75 7
REREW, FEREERGHMEE 2 &, HiARRE
Hk NPT N T35S, 78 5 B3l E R m g H s
SSREE, MIIRE CO, HEBCRPY, M st 5 Zid e o
J5 H CO, “FIHEBUE[(703.94177.5)mg/(h-kg) ] & i JE 2%
AT, ATREHHT CO, fEMME I BN RAR, 155
oA Y [FRE, IR RTIE I CO, AR
T8 (R*=0.92). “‘FEWH&HEZ 2020 £ 9 A 1 HEHE
BRI A RS O i

HE 4d ATAT, PR S LTSN CO, HEBUR 201
RUPR RO e 35, DA I [R) B S50 IR ) MRS (R REF 4
A B MR E 1 CO, HElE, 5 Zong &5
SR —FG [FFE, CFEMREE A 08:00 F1 15:00 75 H I
WY LS. FEEBEEEMEEEEEZE 12:00—
15:00 #A1H] CO, FI4HE A IK T AR [ B, 32 25 K]
RNENER (06:00—15:00) PR EFmE (-2,
BRI % gD i 2 & CARRAR = 4, RIS 30 co, HElR
B . AR5 aE & 2 2 15:00 B CO, HHCR LT, %8S S
RIMER 1] 15:00 AHAF, 1E40 Groenestein 2P B 5% T3«
DA ] WL ) T B £t — AL BRI A S

£3 CO,HMRFEHEREE

Table 3 Average and range of emission rate of carbon dioxide

(mg-h™" kg™
I & S E AR 2 ¥ FH
Experimental sow houses Average + Standard deviation Range
SP-Winter 373.6+£98.4 201.6~690.4
SP-Summer 1024.4+247.3 301.4~1559.7
MP-Summer (BS) 568.7+253.5 272.8~1561.2
MP-Summer (AS) 703.9+177.5 438.9~1376.5
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NH, HE8CE, RN #% 3 NHy HIESER, 24 h W2
B2 YO NH; HERGR B, 3E 175 30 8 RF 22 1 508

3 AR CO, HAHEmCE A RE I (R FFHER 200

R g4 NH; /(mg-ke™) COa /(gkg™) WA T, W R W, FER & 42 CO,

T\LYE M = M2

Experimental — “FH{E+bREZE S TR 2 i HHEH 8.7 EFHE 10.6 g/kg; FEHEEEZE CO, HiE
sow houses Average & Range Average: - po e TR 14.6 EFZ 223 g/kgs BEpidE & B R pEARHIM)

Standard deviation g Standard deviation g N ’ A 01 41

SP-Winter 17.445.3 10.5~32.0 8.9+40.8 7.1~10.6 CO, HHFE i 9.3 Laﬁﬁ 14.9 g/kg:, Zgﬁhgﬂ%" SLGeh
SP-Summer 658448  582-71.4 181430  14.6-223 EURMT B, A R AR EREE H RGN, A

MP-Summer (BS) ~ 150.9:8.6  139.0~1620 117418  9.3~15.1 KR ERER, CO, IR, Zong 25 PAVEAY

MP-Summer (AS)  84.6+6.8 70.1~94.2 157419 13.2~19.0 T & ISR B CO, VR FE A HE R s, 25 B3,

K 4 FIE 5 aT50, “FEBEASE 1 MG R
W, NH; HEBCR 20U AR, ST NH; Hiuz
BACHE— 2, HWHREWFERN (174£53)
mg/kg, JEEIA (10.5~32.0) mgkg. FEHEELXEZEHEN
EFET ORI, CIRIIE” FEETE 1 AHES RN,
NH; HECR 2B AL . WF R, HES 384
ffH 1~2 LG, BESREEE R, S8 )5 E R
) (RIS S T P20, 551 2 X kB 45 o — 5 (|
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Table 5 Correlations between ammonia and carbon dioxide emission rate and environmental variables

H47 Indexes H L/ EWEE ERIRE EINRE EINBE
Data quantity/group  Indoor temperature/’C  Indoor relative humidity/%  Outdoor temperature/C Outdoor relative humidity/%
CO,(SP-Winter) 5279 0.048%* —0.156** —0.644%** —0.424%*
CO,(SP-Summer) 193 —0.652%* —0.332%* —0.790%** 0.414%**
CO»(MP-Summer) 966 -0.006 -0.054 —-0.041 0.152%*
NH;(MP-Summer) 1159 0.281** -0.009 0.250%* —0.123**

e RORIRFEA R (P<0.0D) .
Note: ** indicates extremely significant correlation (P<0.01).

*o6 ERIMEXITIILIER

Table 6 Comparison between domestic and abroad studies

P S ke Ny N Y = 5 NH; HEjilE CO, s i R St
A TR R 2 o i Pyl 3 2 =34
HZR/) BT B ShHRE ERof NHy/  ERofCO,/  Ventilation rate/ g i

Season ~ Manure management Ventilation pattern  Test location ~ Floor type (mg-ke') (2ke™) (m*(hke)) Reference
H=E K HLE A r [Tk TR AR 41 — 1.02 [12]
HE K3 BB X pEE TR TR4E AR 52 S 0.99 [11]
CES RRGES BRI X G TsE AR 150.9 11.7 1.79 23 MP-Summer (BS)
H ARGES Bk X, HE L gk AR 84.6 15.7 1.79 A3 MP-Summer (AS)
S PRI AT X HpET AL TREEHIIR 65.8 18.1 0.69 A SP-Summer
CES — HUBRIE X YN T4 AR E— 21 0.58 [37]
A2 VIUIES Bk X, hE AL TR 4EHAR 14.5 S 0.24 [12]
A7 PRI HUBRIE X, rh Ak TREEHIAR 17.4 8.9 0.07 AL SP-Winter
A7 —_— HUE A =yl T4 AR — 13 0.10 [37]
Eeece FiHE EARIE A HE bR TSR 445 12 — [38]
ARGES Bk X o [E WL IR 4E AR 62.5 J— 0.41 [13]
63.5 12 1.49
s " " e 79 13.5 1.61
IRt HUBGE X, EEF Tge AR 7 > 0.86 [39]
_ 54.5 12 0.92
45.5 14 1.45
27 12 1.32 3
Sk B HRI sk} 315 10.5 1.20 31
4 15.5 1.68 B31]

37.5 14.5 1.53
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Ammonia and carbon dioxide emissions from large-scale gestation sow
houses in cold climate zones

Zhang Jinrui, Shen Zhongjian, Zhang Ying, Wu Zhonghong, Chen Zhaohui, Liu Jijun, Wang Meizhi*
(College of Animal Science and Technology, China Agricultural University, Beijing 100193, China)

Abstract: Ammonia and carbon dioxide emissions from animal houses have been one of the major environmental protection
concerns, because they may raise environmental problems and pose hazards to public health. There has a vast territory and
diverse climate types in China, which can be divided into five thermal zones. The environmental control systems in different
climatic regions vary according to the type of pig house construction. Typical seasonal emissions in different climate zones
should be measured to provide data support for Chinese total ammonia and carbon dioxide emissions. In order to enrich the
database of ammonia and carbon dioxide emissions from pig houses in cold climate zones, two mechanically ventilated
large-scale gestation sow houses were selected to calculate ammonia and carbon dioxide emission rates. One single-floor
gestation sow house locates in Hebei Province and is full of Chinese indigenous pigs, the other multi-floor gestation sow house
locates in Beijing and is filled with introduced pigs. They were mechanically ventilated and automatically fed. The manure
management systems in the two pig houses were “pull-plug” system and “solid-liquid separation” system, respectively. The
ammonia and carbon dioxide emission rates of the two experimental pig houses were calculated by monitoring the ventilation
rates and the concentration of ammonia and carbon dioxide at the exhaust outlets. Because of the double impacts of Asian
fever and corona virus, the data were obtained only in summer in the multi-floor pig house. And the emission rates were
monitored both in summer and winter in the single-floor pig house. The results showed that the average daily emission rates of
ammonia in the single-floor pig house (winter and summer) and in the summer of the multi-floor pig house (before and after
the scrubber) were (17.4+£5.3), (65.844.8), (150.9+8.6) and (84.6+6.8) mg/kg, respectively. The average daily emission rates of
carbon dioxide were (8.9+0.8), (18.1£3.1), (11.7+1.8) and (15.7+1.9) g/kg, respectively. The emission rates of ammonia and
carbon dioxide were higher in summer. The trends of daily ammonia emissions from pig houses with different manure
managements were different, and the average daily ammonia emissions from the piggery with “pull-plug” system fluctuated in
a manure discharge cycle. The variations in ammonia emissions showed probably more within a day than between days in the
piggery with the “solid-liquid separation” system. There was a double hump trend before and after the scrubber (R*=0.95), and
the peak interval was consistent with the daily manure removing interval. In winter and summer, the carbon dioxide emission
rates both showed a diurnal variation. The peak interval was consistent with the feeding time of pigs, and the fluctuation of
night emission rates was small. The carbon dioxide emission rates after the scrubber were higher than those before the scrubber
(R*=0.92). The age of sows was positively correlated with the daily average carbon dioxide emission rates. It was found that in
the mechanically ventilated pig houses with constant ventilation rate, the ammonia emission rates were affected by the mode of
the manure management, feeding patterns, and pig activities. This study provided basic data support for the ammonia and
carbon dioxide emissions of large-scale single-floor and multi-floor gestation sow houses in cold climate zone.

Keywords: ammonia; carbon dioxide; gestation sow houses; emission rates



