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The Evaluation of the Model of Life Cycle Assessment
(LCA) in Litopenaeus vannamei

Bomg, IMERALT L&A T
Y1 Xiang-xi' s SUN Hui-li* , PAN Jian-yu®

CLTPEHBEZ RAE 25208, ) AR T 530001 ;2. Hv R B2 g 1V A 49 9% 15 AT 415 28 F1) ) o 5
# AR 510301

(1. Guangxi University of Chinese Medicine, Nanning, Guangxi, 530001, China; 2. Key Labora-
tory of Marine Bio-resources Sustainable Utilization,South China Sea Institute of Oceanology,

CAS,Guangzhou,Guangdong,510301, China)

BE LB BYU LA ST U Litopenaeus vannamei ) N JERE, &1 b FL4H 5 X5 8 3% 5 A0 256 A () B 3R 4598 % 6
SR P TR ERE L 22 D BRI RS R 48 3 R ORI PR AN R B IR B e . [T iR YT A A A 0 B B
M BF 4y (Life Cycle Assessment, LCA) 8 A5F1 7 75 M 8 T /0 2 B AR FIVE B L3 B0 A L PR A0 L 45 SRR R 55 4
AP R BT R R L IE 0 AR 7 i AR T A BRI A LR B R AL R AN R AL A 5 R A | AR R 5
WA VEAT T E BRI, (8 RYELLFR M M4 A T 1000kg FL44 I %R S 3 fig 20 50 9 SF A0 4R & b, B ER 8 52 i
FAaf SR 0. 386, B 25 70 PR35 5 Wi 671 4f 43 1) S IR 2 ALONE (0. 179) (R ALK (0. 112) E 8 74K (0. 055) L H 42 AT A 42
0. 030 K Tl [ (0. 006) ., (&I Y4 1 F G X 5 B0 58 4 i (B Y 57 ik /MR S % 58 B Be L T B B L B3 By
B BB KA TR B

KR JLGNERTIS B R ZAAAH Aa IS

HESES 9932 XEEARIRAD A XESHS:1005-9164(2014)03-0306-07

Abstract: [Objective] According to the aim of “Zero-waste” and “High-value”, environmental
impacts were estimated in L.wannamei breeding, cultivation and comprehensive utilization,
which was developed to produce three kinds of products,headless frozen prawn,seasoning base
material and feed additives. [Methods]Based on L. wannamei processing and utilization model,
the life cycle assessment (LCA) was divided into four parts,including goal and scope defini-
tion,inventory analysis, impact assessment and interpretation of results. Quantitative evalua-
tions were made in the consumption of resources,solid wastes, eutrophication, global warming,
smoke and dust,acidification and potential impacts. [ResultsJThe indexes of total environment
load, global warming, acidification, eutrophication, smoke and dust, and solid wastes were
0H386,0.179,0.112,0. 055,0. 034,and 0. 006, respectively. [Conclusion] The most contributed
stage in L. wannamei processing and utilization model is the cultivation stage.

Key words: Litopenaeus vannamei, breeding, cultivation, comprehensive utilization, life cycle
assessment
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r EAL R R AR OAT A BF 5% it R )4 i i 11 37
#i (Life Cycle Assessment, LCA) #IET 20 42 60
AR, S X — B i B HAL W) A 7 T R R
AE I8 ElCH B A 2R TG S A7 i A ad AR L A0 9 R
FROSR AR N AR AL A T 9 A T DL R de
Ab FRAE AT TR R 35 B WA 4 T 5 A O ikt
LCA E#AA 18014040 HHE AR 2P EE
AT H, C &I T — M L858 38 1 PE0 T
PR FR . BT, E RSN A IR E LA R 4
WOF T A A WM R IR RN A]
H R 0 A DA DG PLAN I X I Ty T A 855 1 e 7 1) i
16, [HUAR R B 5 88 18 R Y51 A A= iy 8 AN 7 i 4
B E E AR A B T B BT R P L 4 R R
S 4 AR LRV AR FR L XF FLAN T T I R RS i
R L35 ) 2 09 PR 55 P REHEA T VA, g FLAN I8 X R
i AN 23 ) PR 238 48 i i BB AR

1 #MRlERE

R FE5IhEE R
F 5% X6 52 R FLANE X HE , SERIE XS 42 R ) 2R 48 T
A il 3 45 G b 0 X IR R Y 2R R R A
Sl ZEAIN TR T B R R 2011 4FAR 5L
W, THBEBA AL M T 1000kg FL4A I XFHF, 3% 58 i
i v FLAA I Xof B 1 0TGR4 70 Yo THEE, B0 Al HF A
170 3k /kg, W FEFH B BE (19 T BE HL07 R 9251 10 J7 R
JUGATE X SR 0R A, A B B4 R 20 %0 1Y TR R 3T
L T RE A B 50 T R I 4k
1.2 HEBHFEMEE
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38 5 B 21

JLE B IR I B S 25 A U R G S5 0 5

Schematic presentation of the system for L.

wnnamei fertility, cultivation and production investigated

2 FHR5WiE

b i
JR A A% R A

2.1
2.1.1

* LA T T U IR B S 2 R 3 B U D I
AR PR R B JRORE 3 A RDRE R (L TE 7R T
FER VR AR BRI 1,

£ 1 RLAERTIREAR S AR BB R R

Table 1 Material inventory of L. vannamei fertility, cultivation and processing
JE AT B Raw materials ?;iiil;lption JE AT B Raw materials Ziiinption
TETTERXIER L. wannamei 50 TR JKJE B B ) Water quality improver 25kg
HCI 150g G PERAE S Active microecological agent 8kg
1 /R DK Formalin 2500¢g Quicklime 266kg
KMnO, 600g M Nitrogenous manure 5kg
A IE TN Chlorinated disinfectant 16. 64kg KK A 74 B 77 Water disinfectant 200g
EDTA—2Na 15g JR# Carbamide 3kg
AN T.HEA1BE Artificial cooperate with bait — 1500g WP FE 5 TH R Shrimp seedling breeding bait 1200kg
X M Artemia 2500¢g L BERE5 Superphosphate 0. 5kg
i Enzyme 1050g 1% 71 Antibacterial activity 300g
1% 3B 4% Packaging plastic bags 20 1 14446 Box shooks 100 H

JIEAFE 2014%F6 A %21 A% 3M
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2.1.2 RFTRHH

LA P R R B b 25 T R G 4% BT
THFE— 5 WK, B A 77 K I BEHK (il 78 R 5E
KR A P2 78 IR K . K 5 =X o A AT HL
K a3 B TT AL R I K 5 R AT — i Ak BRI R T B
b ugAL B BAR LR 2,
F2 NAHEMNBERERGAFAKRRERERETS
Table 2 Water consumpition inventory of L. vannamei fertili-

ty, cultivation and processing

B Bt BT A2 Unit process JK Water(m?)

EHH M B Fertility stage 16.12
FEHE B Bt Cultivation stage 2431. 00
Zi5 R HIBY Bt Processing stage 58.12
JR K AL PR BE Wastewater treatment 15. 00

B3t Total 2512.12

2.1.3 #RRIEA

A0 3Ok FLAP TS X MR 0 T 2R 8 TP R R R IR i
TN BE BRI AE SR FE W HE O AT E R AL
ORISR RS R LR 3,
x3I NMPAEMBERRGEFNRAREHPEMBR . ATRE
HAE
Table 3 Energy consumption in sections or sub-units of L. van-

namei fertility cultivation and processing

L fig PR SRR
Electric energy Oil Fule
(kW hekL 1 (L) (Coal *« kg™ 1)

iy BL | BT 5
Unit process

B b B

Fertility stage 151 2.72 9
FH T B ) )
Cultivation stage 450 58 0
S %
Z e AU B B 250 20 200
Processing stage
JR K A R B B

40 0 0
Wastewater treatment
it 891 80. 72 295
Total ) . o

R4 IAEMNTFEREEEHNARESATREHRESR

b BEHE RS PR 2% EPA Air pollution emis-
sion factors AP42-1996, B85 1kg W H5 MESEHERL AY
FEIF YWY N 3300g CO»,8. 72g NO., 1. 85g SO,
0.598g CO, M4k & [ Jy 25 7™ B 4544 , 4% 55 PrA &
HEAT 43 TC » AR 5 A o S0 HlE e ok 5 it 540 L AT DA B
HH 25 R R B B A Y R Sh LHE TS Y
FEAE CO,, HC,NO,,CO,PM %, CO,Hj N T
K E N e sk I B 3. 18kg CO./kg VM,
3. 16kg CO./kg 480, AR 4 BRI T 5 HE L Am 1 L 27
B 75 S8 Iz i ) R N R U v Y L ST
R A (7 o< 3R R <14 o, XN BRI R E Y
1305kg<C RM <<1760kg) 1 iz i i #2102 4 A1,
g4 rh B A0 BRI LG EE L W] DAAS S B TS e HE T
L K. CO, (g/km) K 734, 4, HC (g/km) K
0.0635, NO, (g/km) A4 0. 3185, CO (g/km) K
0.689, PM (g/km)} 0. 038,

2.1.4 ERBEHEK

W PRI X IR 5% i M 256 ) & 58 v 45 30T TH
FERY A Fh e & 7 A2 B K R A AR B A i ] 30 4
B A5 IR HEA A SR WL 4,

2.2 FImiEMm

G 1SO14042 H Br fr #ES F1 3 bR o
GB24042—2002 Y HLAE FIEE B R FL4H B X HF 55
B LE A R R G0 152 PR 4 oh 4 2 CRRAE AR |
1k 3 AL BRHEAT
2.2.1 %

A £ i LCA WF5¢ H bn S JL g I8 X 0 78 B A
LR R R G0 BT 77 A 1 R R S A B HE L, X R S8
THHREERATIHE, HARHRILE 5 fik 6,

Table 4 Environmental emissions from L. vannamei fertility, cultivation and processing

B Be BT AR Ly BuRi FrhHad A L JE K b BB B
Unit process Fertility stage Cultivation stage Processing stage Wastewater treatment
LIPSEr 7] ik

Related pollutant Discharge(kg)
[ & Solid wastes 4.50E—01 1. 58E+00 0. 00E+00 3. 00E—01
COD 3.50E—02 1. 39E+01 1.50E—01 4. 00E—02
P 2.7T0E—04 3.51E—02 0. 00E-+00 3. 00E—04
2 . A Ammonia&.Nitrogen 7.00E—04 9. 10E—02 0. 00E+00 7.00E—03
#22 Dust 2.50E—01 2.58E—01 4.86E—01 2.29E—02
CO; 3. 85E+02 3.92E+02 7. 44E+02 3.47E+01
CO 6.89E—03 6.89E—02 6.89E—03 0. 00E+00
SO, 1. 32E+00 3. 31E+00 2. 28E-+00 2.94E—01
NO, 1. 46E+00 1. 53E+00 2. 84E-+00 1.34E—01
HC 6.35E—04 6.35E—03 6.35E—04 0. 00E-+00
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Table 5 Sorts of environment impacts of L. vannamei fertility, cultivation and processing

WREE 52 4328 Category of environment impacts R PR ES Y4 4 Consumption of resources or engenderer pollutant

K IRE TR L X B A

Water, coal, gasoline,enzyme, L. wnnamei ,chemical reagent

PEYRFE Resource exhaustion

IR ZE RN Greenhouse effect CO,,CO,CH,NO,

& B 1k Eutrophication COD,SS, # N =k P ifkA % COD,SS, The compounds containing element N or P
PR AN Acidification SO2,NO, ,NH;

M2 5 #5248 Smoke, dust JHZE B2 Smoke . dust

Tlb [# )% Industrial solid wastes Hepe R A5 TR IR M P AE Solid wastes, coal cinder and cinder
EAE B 2 Human toxicity iR MR SRR Ry 424E High temperature, noise, off-flavor,PM and so on

xo6 NAERMBAERRGEFAREZTETHERZMITE

Table 6 Sorts of environment impacts of sub-units of L. vannamei fertility,cultivation and processing

R 2 A Impact type

B B IR R A A IR B 5 TR Ak B 5 Wi
T Resource exhaustion Ecological environment impacts Occupational health impacts
Unit process — - — — _
Mol kB RHEE WEKK  mit MAERE TREE WA fE FRRR B
Fuel Water Coal Global Eutroph- Acidification Smoke &. Industrial Noise High Off- Dust
warming ication dust  solid wastes temperature flavor
H B - - - - —
Fertility stage \/ N v N v v
B - B -
Cultivation stage v \/ v v v v v
AR
Processing stage v N N v v N v v / NG NG NG
K AL B
Waste water — N — N N — — _ _ _ J o
treatment
2.2.2 4iEde KT AAENGHEEEMIIRFELITER

T8 = A5 AR S B PR B R, O R Table 7 The characterization results of L. vannamei fertility,
AL R B SR BT A XE UL BB A7 Cultivation and processing

Y o FOREFRBE R 0 A0 IR RRIB E AT IR . PR T WOHWTE FABE MTHE BEkib
{f CEP) 5354 E 7 RS0 AT FRBE MO R0 %, Unit process e M T e
M, "R N, HBEJE A Environ-  yp oo

EP ()= > EP (), = >.[QG): X EF(j),]. {Ee% L/?ﬂazt(}fior(y;reenf
Kh, EP () P W R GRS R0V R RS B 0 1 5 house clfeet(keCOL 422,82 4311 8IT0L 3815

s EP ) — 55 ¢ P EC T3 565 5 Fhid A 31 5852 i iriﬁ,;;flngl(;)l:z?;)hF 0.0017  0.4220  0.0031  0.0081
DTk Q— 5 i MW R HE I EF G, 5 i B N

e ; . B BB Acidifica- ) o7 0.215 2.670 0.571
JEXT AR 5 VR AR PR R Y Y R tion(kgSO; eq) : : : 5

K PEE ICT A | JF L 2w WAk R Tl [ B Industrial

e N ., N - " solid wastes(kg eq)

[F] ) 670 s HE I PRI 7 1 4% T 2% B 5 [ 0 o ) 986 7 3 k“ ) e

N N N g . S — ~ M2 5 8 2R Smoke _ _ /
M 0 LA 43 B, I Ak B8R [R) A9 T 25 B2 [R) B A 1 R and dust(kg e 0.250  0.258 ~ 0.486 0.029
INLITRTEE R LR 7,

0. 450 1. 580 0. 000 0.300

2.2.3 =tk *8 MAREXWNEE
iy ’ﬂj%ﬁﬁ % NEED f%& A 5‘3 B AH X} BT Tﬁk 1] j( /N Table 8 The weights of partial environmental impacts
SORCER L DU 21500 BRI S K P i b R . AR SO WK REEON mARE M MAREBA TAEE
Impacts Greenhouse  Eutroph- Acidifi- Smoke Industrial

E E/\J Eﬁ % jTé J:H “ E[ *ﬁ(ﬂﬁ% ” 72 . EI] % iFﬁIJ ﬂ: ﬁ&i@ E/j P]Z‘EA Category effect ication cation and dust  solid wastes
PEHTZRON 2 Hi K 5 B AR K P (bR iU 1) Z 6] de%ﬁﬂluc 0.83 0.73 0.73 0.61 0.62
FR B B SR SRAE G5 R IL R 8.,

I&AFE 20146 A H215% 34 309



2.3 HREBE
2.3.1 FEHr0 ARG RME
h 5% % W 11 fi7 ( Environmental Load Index,
EIL) BT B k58 7 i 804 7 &R e e A A
JE I R B0 8 B G 1 T 3 RIS, B O B o N 2
RS AR b B A T o BAT [ A
TIIRE Y 7 il B2 G0 10 R 45 5% e R/ L A R A T — A
AR . HARER N
b= Xwp 3] KO B

Q(j); X EF (k);

23{231ﬂ2g>mm0 }’
KX, WP G) — InBUG MR RIS E Q) — &
T BRI 05 ¢ A B HE R s ER (5) 12000 —
2000 4 4) PR 458 5 M V5 6 5 o

X FLGNEXT MR B A R LA T R Gk
A R, = (RERN EE IR R A
Ak Tl % . R FR B IR EE 0 fr PR 45 51, W3R
9 MK 2~4,

50,007
45001 )
40.00
35.00
30.00
25.00
20.00

15.00 F H
10.00 | ﬂ
5.00F
0.00 L 1 | = | I:l J
©) ® ® @ ®
B2 RGP B A 2R AL ) M

Fig. 2 Environment impact assessments in L. wunnamei

o

AL Weighting(

system

ORZERN . QR QF EHRAMFEL WAL, D Tk
B, @K A2 F0 M 2

(D Greenhouse effect, @ Acidification, @ Eutrophication
environment impacts category, @ Industrial solid wastes, ®

Smoke and dust

HIZ 9 &, JLANE X SR IR B 27 FUH R BE
FRGE S 0 B0 R 0. 386, HH X BB 52 R 5T ik A K Y
S A TR s R B R (0. 179) | R b N

(0.112) V& EF K (0. 055) By A FIHH 42 (0. 034) S T
b [ % 0. 006) ,

& 2 W] g0, P T U R R K 25 A R R 48
o TR E AN (46. 37 %60 M RAK (29. 02 %0) R F Y
788 I IR S == 1 N i A b | B RO N
FKRG N AL G () 0F B340 #4777 & T,
XU Sk BT BEOREAR 3B HEAT T e AR R L O™ AR Y
Tl [ AR A B AR S 5 1 H b

£ M f I 7

Smoke and dust [

Tl )%
Industrial solid
wastes L

|
HER L |
I T

Eutrophication |

mAL

Acidification

e [ 1
Greenhouse s )

effect 0 20 40 60 80 100
IMALE Weighted (%)

B3 RG & B BOM AL BR5E5  75 43 B
Fig. 3 Weighted environment impact assessments in L.

wnnamel system

DT B, MR B, DA TR By, OBk Ak 2

O :Fertility, B :Cultivation, [ :Processing,[0: Wastewater treatment
FISIEICIFSIPONCEE W MR ALY DS PN
R B B Ry SR A I B, T R R A A W B B )
e JFH R 2 1 EDRE T s B A i R k490 5 R 28 000 F AR
AR R e 32 B T R )T BT R R A Y
TR AR I B X B fin T g R v o v BT 3

BRI R S 7

Environment impact assessment

_ 45001
X 40.00F
T 35.00f
=30.00F
225.001
= 20.00F
1215.00f
Zi0.00¢
| 500
0.00 1
B FEARLHIL ML JRK b B
Fertility  Cultivation Processing Wastewater
treatment
Bl 4 RG4S Wy BOW IR BR A 53k 4
Fig.4 Environment impact assessments of sub-units in

L. wnnamei system

x99 NARMNBRERREESHAREMUEHRERTITRER

Table 9 The results of weighted environment load assessment of L. vannamei fertility,cultivation and processing

A B HIT Unit process

- R yoEs
R 28 A el RV
Environment Category Py B3 T ek ik 2 Weighted Effect potential
o LR " Wastewater value o
Fertility Cultivation  Processing after weighting
treatment
& ZE BN Greenhouse effect 0.053 0. 054 0.103 0. 005 0.83 0.179
FR AL SN Acidification 0.029 0.067 0.051 0. 006 0.73 0.112
& E #21k Eutrophication 0.0003 0.0740 0.0010 0.0010 0.73 0.055
Tk [ % Industrial solid wastes 0.0018 0.0063 0. 0000 0.0012 0.62 0. 006
¥y A A 42 Smoke and dust 0.014 0.014 0.027 0.001 0.61 0.034
Bt I AUR) Total(after weighting) 0.074 0.157 0.139 0.010 0. 386
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Fig. 5 Environment impact assessments of sub-units in
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