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Abstract: Life cycle assessment was used to analyze the inventory of pollutants’ emission from 1 000 finishing pigs in large scale pig farms to
assess the environmental impacts of finishing pig production in Liaoning Province. The results showed that the impact index of life cycle envi—
ronment of 1 000 finishing pigs was 56.59. The sequence of environmental impacts from finishing pig production was eutrophication, acidifi—
cation and global warming, and their potential value of the environmental impacts was 36.31, 13.84 and 6.44 respectively. The eutrophication
effect was primarily caused by the nitrogen and phosphorus in pig’s manure and urine. The acidification effect was mainly resulted from NH;
emission from pig’s manure and urine. The global warming effect was mainly due to the emission of NO, in the production of chemical fertiliz—
ers used for pig's feeding crops. Our results suggested that the major measures to decrease the environmental loads from the finishing pig pro—
duction in Liaoning Province was to enhance the harmless treatment of pig's manure, the recycle of waste from pig's farms, increase the ratio
of green fodder for finishing pig's feed and increase the utilization efficiency of chemical fertilizers for growing feeding crops.
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Figure 1 Boundary of finishing pigs production systems
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kK 39.32 hm®, K& 11.97 hm?, /N3 29.23 hm?; F
SR PFEAAE (N)1.03x10 kg. WA (P05)
1.06x10° kg S E(K,0)1.88x107 kg, FLHEA: =i H
HEYHER R B 1,
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Table 1 Pollutant emission coefficient of fertilizer production

mH REVRIA#E/ Ho R g kg™

MI-kg"  HC c0O PM, NO, SO, CO,

N 95.80 0.58 4.29 520 36.01 3232 10366
P,Os  21.85 0.08 0.83 0.39 4.75 2.81 1585
K0 9.65 0.04 0.35 0.16 1.99 1.17 662

7 HC RSG5 CO y—E ALK s PMyo T A BURLA) ; NO,

HREAH ;0. ABEAY ; CO, g A MKk,

SR, - E M AE (N)FER 2N 1.72x10°
kWh™, A P= B AE (P,0s) FIARAE (K0 B FE R &
18.97 kWh'™, i+ 515 AL HE A= P g R P AR L B O
1.78x10* kWh,, H f A =i B Fp i e b Lk 2.

R 2 BAEFIETEROHHE

Table 2 Pollutant emission of electrical production

YA He kg kWh SRR HE kg kWh
€O, 1.07 CH, 2.6x10°
SO, 9.93x10° NMVOC 4.87x10*
NO, 6.46x10° N 2.02x10
co 1.55x10°

T : S0, 2 Z S AKH; NMVOC J53E R B R A ALY

1.22 fEYRiE SR

YEVI R R P b S B A RE DRI A6 2 2 AT |
R D R e b e e LA THIRE o AR 3 RS 1Y
ST, ARALIFE () B E BRI R E 53R R E
ERIP B ERF-39{E 56.25 L-hm™9, S B RARR
{B 2 9 800 keal kg™, 247HI (%5 i 2 0.85 kgL, FEIM
PRES 1 L SE3h AT Bk 8 330 keal (Y3, 1 keal ] LU
BB 4.2 kI, IREE 1 L Seml =4 34.99 MJ RE& .
St A PE RGeS RIS SR R B 3,

R 3 SEH TR RS R HE A R A
Table 3 Pollutant emission coefficient of diesel production

and combustion

Hel R $ug-MI

BrBe

CO NO, SO, CO,
Hepe 0.016 31 0.040 59 0.029 08 16.008 74
e 0.014 75 0.112 40 0.252 90 74.674 23
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BRI EZRA G, RIS IR E mE
PR JERL, AR T farid B rh R e 5 4
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1t ZERDRLFERL 5 kWh; 24k 1 e S5 TRDEERE R 45 kWh;
B 1 v RIS il RUSURE , 75 ZERE R 20 kWho Z9158,
1000 Sk FAERE A= KRR & AR 308 to dLIHE
5 LI T 72 A A AR HE R

T iz i 72 3 2 A AR AR EOR A R AR
ik, B TR R R B R ML, TR
—HIsEIRIE, REE T s s R A A A
SRR . A4, FALE B AR B T4,
IERFERBEE S5 ¢, FH4 100 km #EiH 10 L(5¢
), WARE R BB 308 60 km, B UGEHIMFE 6 L;
T HERE A AR, RRLE R R B 60 do Hit
RS s R P ARHCE .

1.24 Zh¥Ar=id it

WRAERE, B TAPEIRTUI B, AT &R/ %
FEHLIRIR , FEFR 2 P9 15 kWh-head ™,
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it EP !BECH,,liquid,a ﬁ’%ﬂﬂ%&ﬁ‘)ﬁ%ﬁ V‘]Z—’Lﬁﬁ%"ﬂ%r L
CH, HFJ8; GW Pey 2 R Be i) R BRFHR VBB ; Dew, N FH ¢
FHE 0.000 67 t-m; UF, A E B IENT(0.94);
MCF, 3 CH, %31, RI\AEFBRELIFSF
(IPCC2006) B H 0.172; By, ¥ Ak 0 A7 2 B
B R H B A P E, B 0.29 m® kg "0 VS A HEA
EMBEMELE RGN FRERETYRERNE;
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VS, B A (2)EIE (8 B (IPCC2006) ) , 8@ i
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(-

VSLT,F( Wad Wdefault) * VS geta* Nl (2)
P :Wa HEFHIERE 70 ke( FEGFEAKE);
W aemin R 56 BRINE 35 (A E 28 kg, HUH (IPCC2006) ;
V S 5K HE A H HEM A5 M AR 19 T S
B, B (IPCC2006) K 0.3 kg-d;nd, I H REFEHE
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PR A B N,0 1 NH, BT s iR B 315 75 e th, Table 4 Nutrient content of pig manure(g-kg™)
RN RTINS & R OB AR BR(N) WD) AR
brigs 20.9 9.0 112

H NH; HEfE A 107.18~424.42 mg-head ' -h 2, A& 3¢
HEREHSE{E 265.8 mg-head™+h™,1 000 L FHE
¥& NH; HEftE 4 1 020.80 kg,

FEMEAL BB B N,O FIHEI EZORIE T EFSM0 )
HEHRBCRME 2 N DL NO, B iy NO [H)
HEfk, FTiE I 2 A (TPCC2006) I T A3 (3).(4).(5)
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F3K % 1 000 head; NEX i 7 HEHE A2 K6 RUHEHE
B MS% A ZEE M A B E 0 3R, B 87% ; F e 3
EEH ARG F NH; M NO R LB, MRIEEZEMIT
DLBRRE N 45% . MRIEVRE, L T4 B LR ZEE A HRE
&M 3 kg head?-d’,
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SMERERITY . BIFD TR 4.
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%, 2R €O, HZ M Y&, C0.NO, .CH, #1 N0

B 248 R B 38 2.320.25 F1 310; F3ERRIL L SO,
RSB & NO, F1 NH; #9224 5 Z 0571k 0.70 F1
1.88; & EFILLL POT IS M X4 & NO, .NH;. TN
TP ()24 8 Z 50505710 0.10.0.35.0.42 Fi1 3.062,
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Table 6 The world’s environmental impact potentials per person

B2 2 L] Hfp ANB L E
LRRARE kg CO—eqv-a™ 8 700
WA kg SOr-eqv-a™ 35
BEHL kg POi-eqv-a™ 59

SRS TARE L AL B , AT AE B 72 F IS
AepE e R R AR A PR RN 2 BR AT BE
M) T R A 5 2@ AL PR FEXT BR AL AN B B SR 5T
BRI R AT R, 2 i TR A = R B A )
BeRERE AR T K E MR E S 28 03 72 HEL
TREMEMBE 1000 L7 LA LR BT
J1. BRALTE IR BRI KR 53.65.98.89 Fl

R S5 1000 X H BB E=HFTRMHRFEEL (kg)
Table 5 Life cycle discharge inventory of 1 000 finishing pigs production(kg)

BBt CO, co NO, SO, CH, NH, N:0 TN TP
FRAE A = A 127 881.09 72.83 492.21 513.66 46.28
TPl Fp AR 14 371.30 4.92 24.24 44.69
FRNT 52553 E 30 802.68 4336 181.00 278.81 72.07
k7 ey 16 050.00 2325 96.90 148.95 39.00
FEEA TR 3.78 1 020.80 61.71 10 032.00 4 320.00
A1t 189 105.07 14436 794.35 986.11 157.35 1 020.80 61.71 1003200 4 320.00
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302.55, 0.3 7, ST T HL X B R A S R P & N BRI E

2.3 Mo

B T & R RS AN B Z R R, 38 3 XA
TEALE B ST E A T A, 7T DAAS 2l — S FpER5E
SEMAZERY [A] AT LA BTN B SR AR S i 25 B 48 5
ASCHRYE E BTSRRI e E R,
FRATEE 0.12 FRILZN 0.14 FI'E EFR1L 0.12, X
HEAL S5 VA T AN AL B, S5 R 3R 0 , 7E B AR
WEMRBNE BRI R REENII T A, H
WRAERA, FXCR2ERERE, 1 000 LF A ™
IS BURIK N 36.31.13.84 F1 6.44, A= £ fEIHH
IR MLREHEECH 56.59, 3K 8,

3R 8 1000 X H AR £~ R4 My AR R M1 20
Table 8 Life cycle environment impact indexes of 1 000 finishing

pigs production

2852 ey IR MTEEL
LFRAT R 6.44
Wik 13.84
BEEFRML 36.31
it 56.59
3 3ig

SR A LCA J5 kXL 7748 1 000 sk A~ & REME A=
FEAE R TIEMY, THEAS A R A A B B 2R
IR RREG ARG LT IEE 23R ® R
FE B FAL PR B i +E B0k Yk K 0.006 4.0.013 8
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ISR AE I FH AR AL BR 4575 ¥4 7T LA R SEBUSE 2618
B TEFE AT IR , R NH, 25 H)HE R ; 7218
BHEYIFPHE DT T, RER B R R M E Y A 7 i 7R
PRSI AR, MEAb, 38 R TR R A 7 g it
VTR IR UL, BERT DU IRFE IR 1T (3135
155 , ] FEAR TR AR AR R A SR R M 5 7R AR 45
M5 T, ARABTE IR BN RV, ARG AU L
B, DU )0 A R E Y A 7= B BEAARAE I &

4 #ig

LT 1000 Sk B A% 7 AL A% A 7™ A9 A= i JA 36
BRI B/ IMRUON B B IR L TR AL 2 BRAR R , 45
HIEECN 56.59, BEIFMLEW EZORIET ISR P
R BERIHERC, BRALR M ERIE T8 24 /R 7 NHs (9
HEk , PR BRI EEORIE T IE = #2 Hh NO,
AHERL o

S E 30K :

[T TEGEHR. LT EHEEM]. U hES T T i, 2011
Bureau of Liaoning Statistics. Liaoning statistical yearbook[M]. Beijing:
China Statistics Press, 2011.

[2] #ABAb, BRI, XK R, 4. MR T & SR X IR 75 Y R PG

SEHE[T]. FRBERLE, 2004, 25(6):105-108.
XU Wei-pu, CHEN Tong-bin, LIU Jun-liang, et al. Environmental pol-
lution, comprehensive prevention and control tactics of the scale and in—
tensify poultry farming[J]. Environmental Science, 2004, 25(6):105-
108.

[3] Rebitzer G, Ekvall T, Frischknecht R, et al. Life cycle assessment Part] ;
Framework, goal and scope definition, inventory analysis, and applica—
tions[J]. Environment International, 2004, 30(5) :701-720.

[4] Casey ] W, Holden N M. DIAS report animal husbandry[C]//Tjele Den—
mark : Danish Institute of Agricultural Sciences, 2004:219-221.

® 7 M RIAER N T

Table 7 Contribution of various stages to environmental impact

28 A S PR A =it 72 EgFEER AR TS52HEE  SPEedR FEFEAL IR A1t
LERARBEE ) 32.95 2.54 5.53 221 53.65

AL S 24.52 176 6.19 54.83 98.89
BEFRES 0.83 0.04 0.16 301.52 302.55




5 31 55 6 )

SR U 1255

[5] Cederberg C. Environmentally —friendly food processing[C]/Cambridge
UK. :Wood head Publishing Ltd, 2003 : 54-69.

(613K &, B, 2=, 45, PUBALIR 4 52 EAL 2 A= A B PP
[J]. VIR ISR 2E4R], 2010, 29(7) :1423-1427.

ZHANG Ying, XIA Xun—feng, LI Zhong-he, et al. Life cycle assessment
of manure treatment in scaled cattle farms[J]. Journal of A gro—Environ—
ment Science, 2010, 29(7) : 1423-1427.

[7] Ogink N W M, Willers H C, Aarnink A J A, et al, Proceedings of the first
international conference[C)//St Jose USA : American Society of Agricul—
tural Engineers, 2000:253-259.

(81 E1 bk, 2=, ISR, 4. DU )I] FeBXORE P AE 7= B9 L i JRL S PP A F
FE]. P EE R, 2009, 45(22).38-42.

BAI Lin, LI Xue-wei, HE Jia—guo, et al. Life cycle assessment of pork
production in foothill of Sichuan Province[J]. Chinese Journal of Animal
Science, 2009, 45(22).38-42.
[9] XUESR. H E Wik 4F 4 2007[M]. JE5T . H E AR i fiftdt, 2007.
LIU Cheng-guo. 2007 Dairy yearbook of China[M]. Beijing: China Agri—
culture Press, 2007.
[10] EfH b, frt =, WLhvs, 4. /NEBK R R ThBE LA o A 3L
R RE &ML, 2006, 13(1):19-22.
WANG Xu—feng, HE Ji-guo, TAO Chun-—jie, et al. Current of function—
al ingredients and exploitation of wheat bran[J]. Ceredl and Food In—
dustry, 2006, 13(1):19-22.

[11] R KRS 5 SR 2009 2 FEARF 5 A s BoRRE
HR[M]. JL3T - PRSI sk, 2009.

NDRC (Department of Price ). Assembly of profit and cost for agricul—
tural product in 2009[M]. Beijing: China Statistic Press, 2009.

[12] Wang M Q. GREET 1.5 —transportation fuel —cycle model Volume 1:
Methodology, Development, Use, and Result[EB/OL]. 1999. http://
greet. anl. gov/publications. html.

[13] B2, EX2, THEW, & BRMAR4FIESHEREEHTT R
A FRIPRAEL]. AR FRIERL A 24, 2010, 29(11) :2244-2252.
MA Zong—hu, WANG Mei—zhi, DING Lu—yu, et al. Emission of green—
house gases from an industrial beef feedlot farm as evaluated by a life—
cycle assessment method[J]. Journal of Agro—Environment Science,
2010, 29(11):2244-2252.

[14] BRE A B TR i T 322 ALl & B HE AR BRI (D). B2FH - 52
K2, 2007.

CHEN Guo-you. Prediction of enterprise operation index based on the
change of market in sulfuric acid[D]. Guiyang: Guizhou University,
2007.

(1514 & BisiA B S A R R A KSR WIEAN{D]. Jua e st

TR IR, 2007.

JIN Jing. Analysis on environmental impact and application prospect of
the comprehensive utilization ways of FGD gypsum[D]. Beijing: Uni—
versity of Science and Technology Beijing, 2007.

[16] % & BB R HERHEVURME L REFEBF YD) JL3 . h
R K2, 2007.

HUANG Hu. Study on the effect of energy consumption for controlled
traffic conservation tillage machinery working[D]. Beijing: China Agri—
cultural University, 2007.

[17) G IE, AR R, Bk B, 4. RIRIIEURH] 2 L2 W S A= i R BEAE
FIHEBFAI]. ARl T A4, 2006, 22(11): 141-146.

HU Zhi—yuan, TAN Pi—giang, LOU Di—ming, et al. Assessment of life
cycle energy consumption and emissions for several kinds of feedstock
based biodiesel[J]. Transaction of the CSAE, 2006,22(11) . 141-146.

[18] Consolidated baseline methodology for GHG emission reductions from
manure management systems (ACMO0010)[S]. http://cdm. unfccc. int/
methodologies/Pamethodologies/approved. html

[19] IPCC 2006. IPCC guidelines for national greenhouse gas inventories,
Volume 4-agriculture, forestry and other land use [M]. Prepared by
the IPCC national greenhouse gas Inventories program. Kanagawa,
Japan. IGES, Japan, 2006.

[20] SREF, TALH, ¥ R, 5. BB S RSN E SHCE 21

FEE]. AL IR, 2006, 25(4) : 1076-1080.
ZHU Zhi-ping, DONG Hong—min, SHANG Bin, et al. Measurement of
ammonia concentration and estimation on emissionflux of finishing pig
in pig house[J]. Journal of Agro—Environment Science, 2006, 25(4):
1076-1080.

21] & EA VAR RS H0. PEAVIEEFESHM]. Lot S E
Aol L, 1999.

National Agricultural Technical Extension and Service Center. China
organic fertilizer nutrient magazine[M]. Beijing: China Agricultural
Press, 1999.

[22] Brentrup F, Ktisters J, Lammel J, et al. Environmental impact assess—
ment of agricultural production systems using the life cycle assessment
(LCA )methodology: 1. Theoretical concept of a LCA method tailored to
crop production[J]. European Journdl of A gronomy, 2004 :20:247-264.

[23] Heidi K, Strand dorf, Leif Hoffmann Anders Schmidt. Update on impact
categories, normalization and weighting in LCA[R]. Danish Environ—
mental Protection Agency. Version 1. 0 November 2005.

[24] EBIHT, KL, RICR, 5. EIPRL/NE LA PRRER T
MU A FRIERL 24, 2006, 25(5) : 1127-1132.

WANG Ming—xin, BAO Yong-hong, WU Wen-liang, et al. Life cycle
environmental impact assessment of winter wheat in North China plain
[J]. Journal of A gro—Enwironment Science, 2006, 25(5):1127-1132.



