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Implementation of cleaner production to reduce livestock and poultry pollution at the source

WU Yinbao'?, WU Genyi’, LIAO Xindi"*
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Modern Agriculture, Guangzhou 510642, China; 3. South China Institute of Environmental Science, Ministry of Ecology and Environment,
Guangzhou 510530, China; 4. Wens Foodstuff Group Co., Ltd., Yunfu 527400, China)

Abstract: Cleaner production is a strategic measure for the coordinated development of the economy and the environment. Cleaner
production applied to livestock breeding not only provides safe, quality products, but also helps to reduce livestock wastes and animal
husbandry pollution in the surrounding environment. This paper reviewed cleaner production technologies related to pollutant reduction in
livestock breeding from the aspects of feed nutrition and feeding management, which explains the effect of reducing wastes and pollutants at
the source using technical measures, such as a low—protein diet based on the balance of amino acids, precise feed allocation, selection of
digestible feed raw materials, rational application of feed additives, strengthened environmental regulation, improved manure production
management, and optimized manure resource utilization. It provides a theoretical basis and technical support for pollution prevention and
control of livestock breeding.
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REEEHMY N F2E IR . B
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S o AR 13T 2 R T HORR R T AR AR 1
L R U S 2K F NRC S8 IR bR, il i s
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Table 1 Effects of low protein diet on nitrogen emission reduction

TR Feed type

F B A2 Livestock type

JEHERCR: Emission reduction effect

HIZE 1HAC 1.5% , R FE i

HHLAE 1 RRAIC 6% , 8 I L-T1 4R . DL-H 2R . L-J0 iR . 1- 0
SR LSRR L- 755 AR

HLUZE 1418 2.08% , #7845 AL A LR

TR FIREAIR 2% , ¥ F04% 2 Sk i
ML 11 FAARE 5% , T80 R 1k i i
HHLEE 1 AR 0.8% F11 1.66% , #hFe e 78 1 #61 2 BR Finaed 73 1 4 R

b1 R AR BE AR T 0.30~0.38 mg- ke, I HARm TAEK
PERES

bid FHERON > 45.7% , e P B AT 22 510

b4 R AL AR 5 1.82% , B A TH AL R 3595 0.69% , A K 1

REAN 32 A, 035 TG 1 v R S0 B ) R

TER HEM YR A 5 T B 40 e B BRI
PEES A H M 26% 42 25 ) 329%~33% , 98 /0 T A -
PEES PR R HENCR B 7.67% F115.19%"
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Wl L B B A B R Y R TR, R B Bk
AL AR MEASE S S V5 Sk Yol HE B 8 75 Y 1) A
it , AN TR B AT P IR B iR 2 s . AR
A ER B B S A AN BB SR AR
IO AR At AN ) A K B BE R SRR L . Rt AR ke 3
IR TR A B BE A B AR i RBE A, SR TS 4
b0 IR 3 S T AR R I R 35 2135 3 D8l HE 1Y
H .

Tk A ek R B A VRSSO
BRER AEREHUARMERR , s & 7 i s (R
JC R ML BRI S e R R FSBUAE I DL R
FEAR Y 25 AR B & X o0 R IR %, 5
A WSO FH 4 it oG R Rl PR A SRR, 3 5
POl KB G REM P ESE SRR3R,
K v R G 2R AU IR B P A ML C R N
KR TCER , I LA/ & & 280575 e HE .

BRI R N IR E SR, H
5 G FERE TR JCALER R B n . FSE IR
BH | 7 0 ] P 2R AR A v 0 AR ) S i AN (SO
SRR A PP RE IR R AR I D HEVE . A
22BN 201 VAR TF R 2R 10 65 F SCEEH IR 214 48K
PEVEATGET o br | & BRAE AR M 5~25 ke B BL, Tl kb 3

152 mg- kg™ BYHR AT LK B e A A R ACR s 1k} ep
A 134 mg - kg BYHA 58 2 AT LA/ 5~45 ke B B
AR 2K 5 T HLAE AR R I B B, ¢ v v 1) ]
XA ) A B A R A T S 2 R AT 1 A R
AEM, G TER IR A K B BEW RO T SR A — R, Ho AT
B R A K, AR AT RE T S T 6
JEUS B 1 7 il 46~48 mg - kg, fE K B e AE Y 2E
KAERE R RO, X — 4518 B KT 3% FE ARDRL AR
TR 2 4 feft ARG 0 B s SR 7KF- 150 mg kg™, X5 4%
TPk rh R S T R e s HE AR ARG i 4R AR .
DRI , e BT 33t 2 77 T U] 0 o Ak B ol P ek s 2, e 51
PR AR RO DR U L  X TEh a e R AR
KAEEIG 2 2 B AR R E L
1.3 &S E LB ERE R

BN R T AL SR — E PR, ek
TH AR B 78 372 TS0k HE R AR A, 2 X SR 5% 1 s
Yoo TERCH FHM EOKR-EMABE R VB EEA
PR 2R, B O AR KR 2 B 76.7%; Wl 4 LA
PR Tl P T A A TR 020 A D A Bl o) U LA
THALFI T, 38 B 60%0~75% (% LA HE B B 5E o 5 4
FEA VR ) S5 A 0 3R S L A R A A AR AR L X
Sy Jo HLAT o 7 058 A A (8 B AR A (E AR mT R

R2 AREEMALEBTEFRNENSE

Table 2 Nutrient contents in feces of different livestocks and poultries

EEES AL LA B gl HEITA FSR
Livestock manure Organic material/% Total nitrogen/% Total phosphorus/% Total potassium/%  Protein nitrogen/% Ammonium nitrogen/(mg-g™)
e 24.16 2.65 0.68 1.99 2.22 4266
F3 23.75 2.17 0.84 0.48 2.05 1.252
T 25.83 1.84 0.67 0.60 1.72 1.199
Lt 25.12 4.98 1.62 1.62 4.14 8.436
e 20.47 3.32 0.58 0.58 3.14 1.827
R FAEEWLEFPELES=(mg kg™
Table 3 Heavy metal contents in feces of different livestocks and poultries (mg-kg )™
# B 2% Livestock manure SRR Source Cu 7Zn Pb Ni Cd Cr As

i MBI A 1044.13 1771.37 2.54 11.32 0.53 5.87 16.83

A R BEFRIH 191.62 372.88 2.39 6.14 0.39 6.29 6.29

PUES ML IRA 3 271.16 379.59 4.87 5.50 0.73 7.06 5.04

A R BEFRIH 91.60 178.02 3.64 5.99 0.44 6.47 3.58

LB PRI Y 198.76 352.10 9.36 8.37 0.77 6.60 6.34

A R BEFRIH 34.68 97.82 10.27 9.53 0.34 8.55 6.83

A3 PR IR 5H Y 90.35 175.23 9.30 7.83 0.34 6.57 3.30

A R BE TR 40.91 48.72 7.37 7.81 0.24 6.08 1.75

WWW.QEs.0r9.CN
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o R AR, X PR B I LTS G o H T U IR A 55 A
PR AR R L UL R R R A (R 5) .

2 SR FEER DB ETEMHE
BB IRIEIG I A R A R T A A AR

RARERZ2E - EEFESHNEET

FA0E5E 111
AP H P B E R TR REL RN E
B RS  IX T EE IR A IR R k3T R
B AT IR A X 35T A T 5 SE
W
2.1 hRsRIREEIEAE

T R IR EE A VR B s e 2 B s (e A KM g
IR FIR . TER AR SR L A T, & N R EE
SR KGR CAnRLEE R DERRAE ) XS & & R A
PERE RS FRAE 0 R A R 2 XA BE R K
RRLRE J #22 £ M Re RN v B8 R, D2 A R SR ok
R RS Y A AE Y s TS e i 7 A SRR

T REAE A EE 01 IR 3 ol = VR TR XA
FERE , BRI A K U S TR R R . i
JE 3ok v e PR 2 (8 A Rl 12, el ) FH 23
IR, 3R 6,38 7 AN AL EE X 6 A 77 P g B 52 )

R4 ZHEUHRABEBHER R HERR

Table 4 Digestible feed material characteristics and their emission reduction effect

TARHER Feed & Concept It 45 Advantage JEHERCR: Emission reduction effect
ALEAR  FOKR Ak B WU ST BT Ak, S AR W IR e TS AR R 3.23%
Ul B RPE R T 225
FERIT BIVERTIIAE )
KBGO LRI OB, A IR, S AR A i, FUA R L 109% (Y SRR AT 5 2 b U e B R
A W) 2 T A HFEREARA LA, BRI FEE 5 W B HE . AR T 8.22% , W Vi BRI ok FEAT R IR IRy R 4>
AP LR YL A DL B I A RO R R B R E AR A ZE A L JR 100 mg - ke H SR 2 G BRI AT A L HE 2R Y
TR AU R A — SE R B S R BRI 95% , 134 mg- kg A ER A4 R S
HEL AT 8 3 v ] (4 Ve B8 D /L 549615
LAY R IR R AR AE Y P AR IR G VR R TR B ORI S E e AR G A A R N Wk 1 T AL R
77 AR AE PR B0 R R e D B HE 15.82%~25.84%""
5 #ERAMERER TR S R EBHERR
Table 5 Advantages of commonly used feed additives and their emission reduction effect
TR IR & P THERACR
Feed additive Concept Advantage Emission reduction effect
e EFETERE EN N A PR A R SRS RRERI A 0.2 mg BRI B O 1.8%10" CFU B T4,
PN PE R E Y, BRI TR, PRI T A 24 bR VIR 6.79% , HGemicb 24.8% , THIBTH AL A4 5 1 6.3%; LEfF
I W PR A M B A R KR HORR PRI 2.0% F1 3.09% S A TAE PR 701 205 v HLS Ve 2 43-331)
il R T 21.7% F123.2%  NH % SR IREAR 1 39.09% F132.5%1
R AL AN S R — & FLEATYE BRI 5 RS HRS BN 0.1.8% F13.6% HH L, Wi 5418 H AR P
VA 5 B 700 52 45 AL LI T AL T Y BRI, RO ARDRL I O 0.9% Z HRR B, KL AR 1 5T 1 WL AL R A 4R T 4.7%
SRS IF| TH AR 2.32% #15.96%
i ) 79 By zead 3240 N TR B RA 4R m IR AL b OB R T A IR R , B4 3 P R e L RRAIR T 19.87%~24.83% , 153§
HEAL T RE A= P il it FEPR A ERIE (L PP IRV BE B AR T 39.17%~41.94% , $5 25 v 4l (1) Wk B2 FEAIR T 60.68%~
65.03% , SHEZE TR I HE L FRAIR T 33.64%~34.93% , A 35 v B 1) e o A1
139.509%~42.43% , T Y BUHALRSER 1 11.3%" )
MG AR 2R A A AR SR IR BT T FEGRDRER AN 1 800 g- kg A M AR AT, A FE R BRI B 1T 7.322 g - kg
KB BERRERREL T ) SRR R RIS 1535 g-kg ! JBHERRIEF] 7991
LY/ PO R I AT
HhEZY DL R 2 Sy ORI 1] A 2R A i, A HOR RSN 0.012 5% AP I B , AFA X T SR B AR
AHAS I REIT BN pHAE, 32 3080 T 5.4% F1 14.8% , 8 248 = A48 0 T ek A 4217
[/ E RS
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Table 6 Effects of temperature on feed intake , weight gain and energy efficiency for 70~100 kg pigs
I EHCE R B W 7 gt AR
Temperature/°C Energy intake/(kJ-d™") Weight gain/(kg-d™) Product energy/k] Energy efficiency/%
0 64 337 0.54 12512 19.4
5 47714 0.53 12 280 25.7
10 44 417 0.80 18 536 41.7
15 39974 0.79 18 304 45.8
20 40 861 0.85 19 695 48.2
25 33372 0.72 16 682 50.1
30 28 045 0.45 10 427 37.1
35 19 159 0.31 7183 37.4

A R T A0 1 A A R R DR SR G R
AT K, Rk Bk 15 YW i = A= S HER H .

A PN B 28 A 2 5 R R 1 R A
FEA 14~23 °C AR XTR FE 509%~80% A 5% T feil
G (RS, BEMBENEAN TH 8 &L
FIFHE R 5, AT S B S RS S H Y. A
TR R e B R K TR R, 2
FHECA R K ol 5 B, PR T2 S UK
(] B335 38 R 28, 8 T 1) o

xR FEREBEWEERE(C)
Table 7 Suitable temperature for pigs at different

growth stages(°C)

Bl I B Rl R #

Type Suitable temperature Maximum Minimum
A 15~20 25 13
23 PR AE R RS 15~20 27 13
WL B 18~22 27 16
W FLAF A PRt A 28~32 35 27
A& 20~25 28 16
ERA NS 15~23 27 13

RS AEEKMBRESHETETEE (%)
Table 8 Suitable relative humidity for pigs at different

growth stages (%)

25 RO R R TUME REN mibE AR
Type Relative humidity range H.S CO,
A 60~70 85 50
25 MRAT R0 60~70 85 50
LIRS 60~70 80 50
WL A DRI AT 60~70 80 50
A& 60~70 80 50
RN 60~75 85 50

J S B 25 e N RO i — Ak VL
TRAb SRR IR . S & s SO F AR F TR B
Fo, K AVFE, —F LKA 3 000 mg- L7, %4 30
mg- L7 B A N 20 mg- L' S5 KB R) AR TG AE A
WEE b BRGIEAFEIGAL 82 S BUE NSRS
ik, I3 350 & AR 01 T B 109%0~20%, it [
SR8 KFIALBIGE K (2 10) , 1T LKA 5 SR HE
BEH HEN SRR, AR TFRSES
B0 5 T AR ORI R

B MEHF AR BN EEARHREZ
— o BB BRI X R AT A SR AR I L B
AR DA R TR AL R B e B ALRE R VE T L BEAS B B 4R
W B T RIAE ™ ) o B AT R R B H AR
5 14~18 h [ 50~100 Ix (OERER A, A A TS H &

R BENEFESERITFRE (mg-m™)
Table 9 Permissible concentration of harmful gases

in piggery(mg-m™)

55 Type ' UNH, Bifb S .S ZAAERKR CO,
TS & 25 10 1500
MRS & 25 10 1500
P RN Ty 20 8 1300
A& 20 8 1300
HERE NS 25 10 1500

R0 BERNEEHSKE(m-s")
Table 10 Suitable air flow in piggery(m+s™)

285 Type # Fk A&ZE Spring, autumn , and winter ¥ Z* Summer
WAL BE S 0.1 0.4
TRE RS 0.2 0.6
WA E 0.3 1
e 0.2 Sz

WWW.QEs.0r9.CN
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i g =X L L Sk 2 e X AP ) B = i =X 551
55 2 EPS R TG B BEAS AR K 45 1 A TR 9 K
AT E, K B Sk OR A 1 T I =X L Swing X
FAR 2 AROK i 38 8 TR 2% K & 4 1,93 1.42,
13 Led™. BEFRE FLMYOK AR IRl /D 2875 7 A 5
) 2 i

TG 2E T 2N 7 2675 T K I 7= e i DL R K
HhA R T A A A (] 1~1E13) . K
PG 2 ARKUIE 2RI 2E T 2P R S K i o
)R 35~40,20~25 L-d' Fl 10~15 L-d ™", K FH T34
FEWIEN 1A B FigiEA "

B 1 kihiEE

Figure 1 Manure cleaning by rinsing

B2 KiniEE

Figure 2 Manure cleaning by water submerging

1% WHART]
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RARERZ2E - EEFESHNEET

3 FiFE
Figure 3 Manure cleaning by labor
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BB IR LRSS L PR R R BBE S . SF
BERRRCRE R E 2695 1) Ao A 2619 7 AR R S A 0
Bl PR A T R el 7 i e DR AR X 2 55l DA A IR
RS RIS Y o R TEEA T Y e b A
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3 ZEiE

I G i R P T A 7 B P Sk Dl 7 B 7R A
19U BB TRk I AR DR RE S 52 B & HOlk T
TR FRHOAR A B A BT IR] FHACR B3R T, SCRERE

F11 AEEMH BARTEM TR EFHE
Table 11 Target yields and fertilizer requirements for

different crops

B 100 kg VYT NE 2
Fertilizer requirement per 100 kg crops/kg

H by
Grain output

HRILIES
Crop

target/kg % Nitrogen i Phosphorus 4! Potassium
TKF 500 1.62 0.89 1.88
PN 500 1.83 0.80 1.69
K 180 7.20 1.77 3.05
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SEELTS G B0 D S AT Ul A AR i ) P ) Ak B R
J1 s WA R T SR 3615 12 T 2 A A0 A HLAE
A, A AR T AT Ah R4 5 S TS5 BEIRAL A
FHHERE , J2 K AR A 2 B A BT AN ] il 1
SR, A POl T T A 7 v Ak TR RS B B
A J5 DL BCES T I AR ARG A AL AV S A B R | 1h i
TR RO SR IR R & IR, FE R SO T Al 1Y
[l A, i/ B 5 SR 5 YRR, Bl 0 A ool T sk
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B2k

(1] 505 U4 [ 75 Je 3 4 8 4l (1] FREEAR 37, 2020, 48 (18) : 8-10.
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