TLHARM 224 ( Jiangsu J.of Agr.Sci.) ,2022,38(5) :1421-1431

http: //jsnyxb.jaas.ac.cn 1421

S, B EREE, . W& SRR HEBR AR PRI 534 [ 1] TLIR A 2441, 2022,38(5) 1 1421-1431.
doi :10.3969/j.issn. 1000-4440.2022.05.030

B2 MHEMFERESI R RS

Ag, EEY, ETEE, B &, AN, #F
(TEIRA A RRF BEA M B 525 AT IT AR M ACK WS IV R i Al TR L SR 58 VL3 AT 210014)

WE: HEIRMEREEENBR IR, 1 & & & 0N 9 HE R SO AR X T 7 & e e Ak ™
FIFRSEAE Y HA SRR L, AR SCERIR 1 N A 32 27 5 UK B b vk BE 23 A LR FNHRRCRAAE , B85 T & & 57
SRR ORI P T B AR S 2 s WIS R BRI T AN [ 2 ) B A 9 32 B AE B AB0RE W) 25 BR AR X T T i A [+
B EIRRGUR Y RCRE , SR iR LR A OB P AR R B AT S B,

K@i BFEE; PM,; PM,,; Mg, HEEURHE; EHIHEAR SRS
hESZES. S815.9 XHERPRIRED . A XEHS: 1000-4440(2022)05-1421-11

Emission characteristics and control technology and equipment of particu-
late matter in livestock and poultry houses
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Abstract:  Livestock and poultry houses are essential sources of particulate matter emission. Understanding the emis-
sion characteristics and control technology of particulate matter in livestock and poultry houses is significant for livestock
and poultry production and environmental health. This paper summarized the mass concentration distribution and emission
characteristics of particulate matter in livestock and poultry houses, reviewed the research and development status of partic-
ulate matter control technology and equipment, and analyzed the main characteristics and particulate matter removal effi-
ciency of different control technologies. It is of great significance to understand the particulate matter emission characteris-
tics of different livestock and poultry breeding systems and select the best technical measures for particulate matter control.

Key words: livestock and poultry houses; PM,;; PM,; environmental quality; emission characteristics; control

technology and equipment

ECE KT RN NN -0R T A7
(PM) , LA R AT AP BORL Y PM,, (CRiAE <

Wr#m B H#A:2022-03-11

BB JLAERFHE B EEIFEETH [ €X(20)3007]

EERE A RBYL(1984-) I RN, BT 50 AE  BIBTSE 5L,
FENFF LI BRI B 45 ) 5 ¥ Y HE
5%, (E-mail) zhouzk @ jaas.ac.cn

10. 0 pum) FLFORA) PM, s(RiA2 <2.5 pm) 1Y H %
SRRz — ) ORI R I KRS YRR
& B TR DR A A 0 4 5 sh i i 9k A 22 BT i
TP , OR300 KR e AR SAEER, kR
TG YL B R Ay, ™ T Bl ) £t R R
Wi JE B 2 SR BRI . A W IT 45 0
N, BB PM FEORIE T & G2 B A
BHANE S RR SR M SR T L 5ok



1422 AN N S A= o

2022 4F & 38 % 5 M

BAAE—E M2 EE R PM 1 HEL
ZEN YNGR FREE T2 SRR DL K
AN R A s B & SR
T PM 977 A FIHE T, BEAR TR A 5 F2 PM X 2l 4 fik
FRAFZIE , H AT PM PSR FERIBAR i B AR
A 2R AN H AT T KRBT, BT
KR BB T 425 PM f il £ A
Hi& REMERELUGE A ERRKNES A
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S FHPE DT T 7 EEE— 250l . AR SCZRR T 4
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SYFTANIEIB & R R SR A T 206 PMHERC 52
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1.1 SEE RTINS HE AL

AN A J A A B B PR R4 1) ST 35 o v
SHERCR IR 1, 45 WoR AN TR 98 5 A P URE
P I e v B AR AR R AR, P T P, 1) T vk
FEJE 43 51 4 3.0~ 2 300.0 pg/m® Fl 2.0~ 563.0
pe/m’, H S IR A PM, B PM, B R
U B 2 9 K 187~ 826 pg/m’ F119.2~ 101.0
pe/m’ Wil 45 & PM, T PM, 1) 5T 5 4R 3 530l
110~ 1 836 wg/m’ F116.0~98.4 pg/m*, 7 IE3 &
PM,, Fil PM, ¢ 9 J57 2t V¢ B 0 5 43 136 5102 300 pg/m’
1563 pg/m’,

BTN AR RIS 5 P, A1 PM, O HETL
K[ L 500 kg SR (AU) T 35 F43 51 90.000~
6.670 g/ (AU - d) F10.088~ 1.420 g/ (AU - d), Hr,
O3 WEUREEI A PM T PM,  FIHERCR 2351450090 ~
1.230 ¢/ (AU - d) F10.088~0. 100 g/ (AU - d) ; & NESE
& PM,, FI PM,5 A9 HE 75 2 43 51 S 1750~ 6.400
o/ (AU - d) F10.070~ 1.420 g/ (AU - d) ; Wr 317 5% &
PM,, Fl PM, s i HECR e i 730 5lli5 3] 6. 67 ¢/ (AU - d)
F10.225 g/ (AU - d), Shang 257 F1 Xu 21" 53 Bl %F
H KR AEE I E I & N PM I HERCRIA T T
M2 8 8% PM,, Fl PM,  OHERCR s TR A &
45, PM, s UHEICR R s #) 1.42 ¢/ (AU - d), 5HIE

TSR TR S A EL W A & PM I HERCR
ey A U RN T 2 ( F R MR A Ay e M A
BE) Wi A8 0 PM,, FHERCR ST RARE(RE 0.71
g/ (AU « d) , AT LAREAIE PM,, BYHERCE, (AXTE ) PM,
PIHERCCH S 52 me S HUHGE XU & AH L, B SR8 K
W PM, X R B /N T 100 we/m’, [RIB 4347
S50 HUHGE R G5 R FH % 8 3 XUt AT DA
BRI ) PM o O R (R 1) PM, 5 P B
WRBETCHA i RE ], W35 0 H iy P AORE 4 o v B
(AR IR AFG 50N, T i 2 B AN [) ] B 11 30 XK 2 57
firEE"
1.2 REESTRNEBRHHER

AN IR 52 8 F7 B A X PN O 40 o s Wk B 5 R
RWHE 2, R BN, AR RE &N BRY)
PM,, Fll PM, , 1 J5 2 3k 35 315 Bl 43 31124 29.0 ~ 10 951.0
Mg/m3$ﬂ5.0~ 866. 0 pdg/m*%O Hrp , S PR R
XS E PM, Fl PM,, s (1) 5T o 4k B2 918 [l 43 31 2R 420.0 ~
10 951. 0 pg/m’ F137.0~866.0 pg/m’, )2 BiHh .
EEREIRENG A PM, M PM, ;195 1 75 4
51°829.0~ 830.0 wg/m’ F15.0~ 140. 0 pg/m’, H#K}
RIXG & PM,, Al PM, ;B - 349 Joit & vk 1 51 L 40 il o
100.0~5 000.0 pwg/m’F128.4~495.0 pg/m’,

REWFFE &4 PM,, A1 PM, s HERCR TG B 2030
2.55~68.59 g/ (AU - d) #10.14~5.60 g/ (AU - d), H
H SEFR WIRIEFR RS 47 PM,, Bl PM, (T 3
Iy 9 h 2800~ 68.59 g/ (AU -d) Fl 2.10~ 5.50
e/ (AU - d) R-3=N RN S B P g E PM,, Al
PM,  FOHERT R 18 Bl 43531 492,55~ 16.00 g/ (AU - d) Al
0.14~4.73 ¢/ (AU - d) , ¥ KRNG5 PM,, Fil PM, °F
PR A B 3 5 12.9~34.5 o/ (AU - d) Fl11.65~
5.60 g/ (AU - d), Winkel 25 P JHAr 25 1 R fE4 N
BB BOP SR & AR TIN5 TR A
XA PM,, Y J5T 5 v J3E S e 43 1A 3107 315 pg/m’
10 951 pg/m’ F15 000 we/m’ , HE il 2 f% w5 43 1) 1k 3]
68.59 g/(AU-d), 53.2 g/(AU-d) Ml 345
g/ (AU - d); PM, 5 Y JiT & MR B o5 /& 49 ol 3k 3] 423
pe/m’ 886 pe/m’ Fl 495 pe/m’ , HERCR 5 8 43 ik 5
3.7g/(AU - d) 5.5 g/ (AU - d)H15.6 g/ (AU - d) .,
1.3 HFEEARNEBR B HE R

Ay PN IURL ) 119 - 349 Jo f vk B S HE AR L3R
3,4 N PM, A1 P, 19 5 6 v B3 9 L 40 il ok
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12.0~1 462.6 pg/m* fl1.8~152.0 pg/m’, H 4
& PM 1 PM, Y JoT 5 3k 3 31 Fl 73531 2 14.0~ 308. 5
pg/m’ fl1.8~152.0 pg/m’ , A4 PM,, A1 PM, , 4 )i
TV I 70 43 ) A 18.0~ 183.0 pe/m’ F15.0~ 40. 0
pe/m’ o PM,, I PM, 5 1 J5T & vk BE 5 [l 43 51
12.0~1 462.6 pg/m’ F13.0~138.5 wg/m’, 44
R A AR Wy =X [R5 — AR A2
SEEE N PM BRI 52 2 T AR e KR TR
K RIEV Z57 PM T o R P SR A1, B I IR Y o
Tt EE TSRV L IX A 1 T A A N P,
H1PM, ;1Yo B e B M\ Z= 0T B 52 IS g % 1 12
F A5 BEE =1 308. 5 pg/m’ Al 41. 8 pg/m’
[ Fof 4 T A 28 A | 2 SRORL R U S 00 55 9 PML o ik
J¥ . Abbouda %" Wi T vb 4 Hu i iz sh3m 4

R1 BEETHYFYRERESHNE

N PM W BT R BERRAE , 35 PM, Rl PM, 9 5 i
WeJE > DR B IR F 1 462.6 we/m’ Fl 138.5 wg/m’, &
FHMZIAI A,

A AR PM B ARG TS T, A BR A 5K
P 7, PM o R PM,, 5 9 HE % 43 51 R 1 30.205 ~
30. 000 g/d F10.040~ 4. 000 g/d" "™ | FEIPAL 25 K
PM CIRZSHS, HERCR L v 2 T i s B P o R
B0 2R 25 KN B W 0 55 B AT PML HE A
TR EJEXT PM, HERCA R Mg /N Joo S
WRE T HA A4 PM, Al PM, s AIHERCR G B, 43931
A1 K119~ 15.0 g/d M 1.6~ 4.0 g/d, Bonifacio
SEUSIINSE T A PM O HERCR B 153 13k 30.0
o/d, = TWA5

Table 1 Average mass concentration and emission rate of particulate matter in swine house

FRERIE (pg/m’) 500 kg BPHIA T EHEICR e
R R A MR K L/ (AU - d)] it
PM,, PM, PM,, PM, 5
Eellin] B EOTmAEHAR  TREUNAE + HLAGEKL 328~1 746 152~105.0 1.75 0.150 [12] .[19]
Reillin) B SREEHIAR WIAE HUAGEEIR 425~926 17.1~49.7 2.05 0.160 [12].[19]
faf 24 B oA VRO PLAGERL 662(229~1334) 47.8(10.8~113.0) 3.12 0.155 [13]
fap 24 B TROMIRAEHIAR  BLASTHZERSG WUMUEMK 963(543~1458) 52.7(32.6~65.5) 4.78 0.207 [13]
fiif 2% Wi FRorsEriA  WRONAE HUBGENXL  988(534~1274) 39.7(16.0~81.4) 6.43 0.162 [13]
fif 2% Wt SR DIUCAE HLBGER 1091(419~1 836) 51.1(19.2~98.4) 6.67 0.225 [13]
faf 2% IR SIRAEHR WUCAE WG 485(187~826) 53.5(19.2~101.0)  1.17~1.23 0.088~0.097 [13]
S| LK AR TRETEAE(0.9 m) HUBGEN, 282+192 27.0+8.0 1.98+1.84 0.140=0.050 [5]
FH HAS SRAEAR YT AT (2.4 m) LG 2614209 19.0£26.0 1.81:x1.64 0.070+0.060 (5]
S| YRS L ImsEHIAR THUCAE HUGE X, 298193 40.0+25.0 0.95+0.44 0.100=0.040 [5]
FRF B iRt GHUCAE MUK 470 - 2.04~2.59 - [20]~[22]
FH Wiyt ra% e e g TCAE HUAGEE R 110~400 - 0.71~2.38 - [20]~[22]
BRF sy idiReEE lwiEiii WIAE HUAGEIR 240~310 - 0.09~1.23 - [20]~[22]
i FitH  EOMmAEHIA ANTOTIESE AR 91(6~756)  56.0(6.0~355.0) - - [23]
ERES] B wo A A WA AAREN  82(3~2 140)  44.0(3.0~563.0) - - [23]
rhE AN ORI HRICATF FARIENR 76(3~1160)  39.0(2.0~510.0) - - [23]
rhE B LlwgEit  KEZEEA PBEEX 150~1010 60.0~200.0 5.53+4.10 1.420+1.860 [7]
E B TRV BRGES HLAE X 130~2 300 - 5.96~6.40 - [11]

# BURMIBEGRYTIC AT, 3355 PN A RSURE ) i vk JEE BSCHERICR AR AR RS, AU AU3R 500 kg BB,



1424 TP 42k ¥ 3R 2022 4E 5 38 & 55 W

R2 BETNYHTHRERESHRE

Table 2 Average mass concentration and emission rate of particulate matter in poultry house

500 kg A SR AERR

EES( T S T PG (/') LACRL) ik
PMIO PMZ.S 1:’MIO PMZ.S

B BN BERESE SR ives HAHE A 381~780 105.0~130.0 16.00 473 [24]
ESE| Y EESR SR zives HAHE A - - 10.50+9.10 2.10+4.50 [25]
M X RIS H &R HUbgE A 48~478 37.2~449 6.67+2.81 0.14+0.25 [26]
ESH| Y EESR AT HLAH X 393~552 44.0+36.0 6.00~8.16 L1316  [27]~[30]
by 1A 9 BIZES Fig MU x> 29~124 5.0~61.0 - - [31]
mER E BEER Bl e HUbGE X 190170 30.0+30.0 2.55  2.10 1.10 = 1.52 [32]
ERES] Y BEER B e B X 350~830 100.0~140.0 - - [33]
EH Y BEESR Biie e Bl A 509203 43.3+36.1 - - [9].[34]
XH Y SEER FWER/ TR PRI 761661 - 8.87 - [27]~[29]
ESE| Y SERER Frrig e HLAHE A 570~610 33.0~37.0 4.40~5.40 032~027  [35].[36]
eS| YRR Ferrig e HLAHE X 420~460 54.0~59.0 4.60~5.50 049~0.61  [35].[36]
EROM EN BESEFR MRS/ TE MbEEX 74~551 21.0~82.0 444 145 [24]
fif 2% WG PSRN S SRR LMK 3 143(1 216~7 315) 175.0(41.2~423.0) 68.59 3.0 [13]
B WG WIES FSIIEESHREL HLBEEX 3 610~4 290 374.0~446.0 28.00~36.10 274~291  [35].[36]
FEE EY WIEEIR FERIEZEERRL  MLAkEEX 2 100~2 500 240.0~270.0 29.50+11.00 2.10=1.70 [37]
XH A WASETR  ASIEISMIR HIWGEN 1 535590 263.5+170.0 47.20+17.90 5.50+3.80 [38]
i XY WSS FATTESE HUAHE A 420£100 37.0£25.0 - - [39]
fif % WX WEVESR FEIEEAEl O PLMGEXL 3 362(1 198~ 10 951) 217.0(54.2~866.0) 53.20 3.07 [13]
)] WY HURbPIE ZRESEGRDER HLAREX 100~5 000 - - - [40]
ESE| NS HUBPESE JRESHGEBER PMGEX  930(110~4 768) 104.0+32.0 32.60 1.70 [25] [41]
S| XS HORPPSR MESHGEPER PLGEX 100~300 50.0~95.0 12.90 - [42].[43]
faf 2= RS HeRlPEIE EEHRERL WUBGEX 1931(486~3 784) 137.0(28.4~495.0) 34.50 230 [13]
fif 2% SRR FIbRIEHE HUBGERL  1703(913~2737)  120.0(45.2~205.0) 2191 1.65 [13]
BORFNE PG HORPFR FEESHEDER PLbGEX 280~450 63.0~95.0 20.30~26.80 4.80~5.60 [44]

a: & Z R TR, RAMEG B b o A7 2 Bl M7 3, — stk R — i HE X, 50 P s 2 IR, e 1] R o« T8 v 2 Ml i il XL, 32 2 5 20 1 N
d EEAR N HERE A XY & o 155 A U)o vk JEE sl R AR

R3 HFETHYHRERESHHE

Table 3 Mass concentration and emission rate of particulate matter in cattle and sheep houses

500 kg ShiA R RERCR

fes SO AR EEE mRk FHHHIE ) CAC MM <
PM,, PM, PM,, PM, 5 '

fif 2% LGS HEMAAE BRI HARMEMX  40.0(14.0~95.0)  13.8(3.9~24.9) 0.166 0.032 [13]
FUE LGS M R HERIMA 65.0+121.0 18.0+46.0 - - [45]
ESE| LUES HHEM2RE FIREEE HAGEX 106.0(22.0~240.0)  19.0(4.0~44.0) - - [14] .[17]
e ek Mg R HERIMA 124.0~189.0 115.0~152.0 - - [46]
GRES| LULS HHEM2RE P EsE EpSEYN 84.9~308.5 1.8~535 - - [15]
JeRk Wk WA BlREMERE RIS BRI 380.0(220.0~650.0) 70.0(40.0~150.0) - - [47]
ESE| WA JFEE+HZEg BRI EE SRS 18.0~141.0 5.0~30.0 - - [48]
eS| WA TREEEEs RIS SRS 38.0~82.0 40.0 - - [18].[49]
LRIES| WA JFEEHZEs  BIRGEE SRSl 156.0~183.0 - - - [50]
eS| ITES IREEMARES KT SRS 12.0~46.0 3.0~23.0 - - [2]
TP HIA @ PAmezsg SRS SRS 108.5~1 462.6 153~138.5 - - [16]
Al ]IS - - EESTIN 120.0 320 - - [51]

55 P R A0k ) o A B R AR AL
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Fig.1 The mass concentration of PM,, and PM, ; in different livestock and poultry houses
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Fig.2 The emission rate of PM,, and PM, ; in different livestock and poultry houses
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Fig.3 General layout of a barrier or windbreak wall on live-

stock and poultry houses

32 EREEEBRERASESR

BRI A A SRS EEHTHRE &
()28 ST I UE | J2E 9% P 25 ()38 5 S ik 3R G el
L (W R} B3 BB A 2 ) Wi R 4 9
BRI S5 P M R E AR DT S SRR BR AR A
RGTHGRT PM O 1 DA HES R, B3 20
SRR TR 2 BRASCRZ B S 7 1]
VRIGRALE Y U RN 2 5458 BE N T) g 5 g 8
23 SRR R AR B v aE (R = RN I
a3 PR BCE (K 4)



JHL BBV B A ORI HE R AR R s AR 5% 1427

l I

il R 52N Rl SR PULR/ 52V T
A 1
1 ool
1 v
— TR = = SR

H4 SSHERLRENSARESNTER

Fig.4 Flow configurations for operating scrubbers
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