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Abstract; As an important functional unit for alleviating water environmental pollution, wastewater
treatment has rarely been assessed on the other environmental impacts besides on its water environment
benefit. By modifying and optimizing the method of life cycle assessment ( LCA) used on wastewater
treatment, a coupling model (LCA — MOP) associated with the multi-objective programming approach
was set up to assess an actual wastewater treatment plant ( WWTP). The assessment revealed that the
environmental comprehensive benefit of wastewater treatment was a negative value. The adverse
environmental influence would be aggravated when the effluent discharging standards were enhanced.

Based on LCA, conventional wastewater treatment was actually a source of environmental pollution, which
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was at least suspected to convert pollution from water to air. For this reason, the way, improving water

environment quality only by enhancing the effluent discharging standards and focusing on the effluent

quality and operation costs, would push wastewater treatment to the margin of “heavy polluter”. To

reduce the adverse environmental influence of wastewater treatment to a minimum value, sustainable

wastewater treatment technologies must be developed so that the ambitious target extracting resource and

energy from wastewater should be realized. Thus, wastewater treatment needed to be upgraded to “green”

and gradually developed to “blue”, only in this way, its “zero” impact on the environment could be

accomplished, and even the “positive” benefit would be achieved.
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Tab.1 LCA inventory for assessing the effects of WWTPs on the total environment
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Fig. 1  Classifications of the environmental impacts of wastewater treatment
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Tab.3  Inventory of main subjects related with LCA in the

case-study plant

A wmms wA i
H —H W W =
- LS 3954 8510 | — | —
e K/t 14635 | 59820 | — | —
1y AFA/m’ 1038 1 830 — | —
Bl he e/ (KW - h)|4.50F +06]5.68E +06| — | —
COD/(mg - L7") 366 406 18
BOD,/(mg - L™") | 217 168 4
TN/(mgN - L™") | 47.80 45.30 13.00
NH,; /(mgN - L™") | 30.80 | 22.90 0.63
TP/(mgP « L") 5.31 7.24 0.25
| S9/(mg- L") 191 333 6
17 [RERE/ (KW - h - m™)|  0.33 0.31 — | —
Br| PAC/(t-d") 3.90 6.03 — | —
B PAM/(t-d™") 0.09 0.14 — | —
WA/ (t-d")| 2.63 4.06 — | —
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Tab.4  Classifications of the environmental effects on the

case-study plant
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|7 o) B 70m AL L B AR T AR
ik Ve RE ' Yrkliz it 2
JAREEVE B BE Cu . Hg.Cd | 7K HEK
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Tab.5 Characterization results of the case-study plant on the environmental effects

kg MEYF - 10° m ™

S
moH jeiaidd=a BT B Prbr o EL it
—1 — 1 = — 1 = — 1 — — 1

LR 5% 9.1E+02 | 1.5E+03 | 2.2E+04 | 2.2E+04 | 1.1E+02 | 9.1E +01 2.4E+04 | 2.3E+04

KiEEEFRL | 2.2E-03 | 5.3E-03 | 6.3E+01 | 6.3E+01 | 1.3E-03 | 1.8£-03 | 6.3E+01 | 6.3E +01

KA 4.1E+00 | 6.5E+00 | 2.8E+02 | 3.3E+02 | 4.9E-02 | 6.8E-02 | 2.9E+02 | 3.3E +02

R 2R W IR AL v 1.7E-04 | 3.4E-04 | 1.1E-03 1.0E-03 | 3.1E-05 | 3.2E-05 1.3E -03 1.4E -03

MAREEE 3.8E-04 | 6.3E-04 | 7.8E+03 | 9.4E +03 1.4E-07 | 9.5E-08 | 7.8E+03 | 9.4E +03

i 1.4E-01 | 3.0E-01 | 4.0E+01 | 4.0E+01 | 5.3E-06 | 3.6E—-06 | 4.0E +01 | 4.0E +01

IEAH 2 R #E 8.5E -03 1.1E-02 | 9.5E +03 1.1E+04 | 4.6E+02 | 6.7E+02 | 9.9E +03 1.2E +04
BAERHE W DB m SRR B BRI (EP) 5 2 RK R EE (BOP) 52,
SN nnm JLT Ak 1 T8 BB 5 H A SR IE 4 55
s SN TS IR R B A N (R [ B
) & LR B (LAE ADP I E — S04 My B L]
B gg B, R JE: @ ZWISR A T 5 B Bardenpho T
ol a 20 G PR B B A5 TR R B R i 3 e — 18
0 GWP EP AP  ADP HTP BOP 1ISD %,®—/H;]7T{H§T/§Lﬂ3{@:[4iVﬁ\::[*iq‘%%‘@{j%ﬁg’sz
a. —H BT BT IR BT (R A B K HRAE AL 2 SRR, i
WAEHE W DEGHE W SRR TRALIE T X BREE 77 A B Al e R TE # IH R0
Sl 1 1 I SRS B (AU % 05 1 0) B, 75 K Ak
2ol B FRA 7 (U ORAR K . AR th K R
= & DT AU T 2 TRl 1L K R St G
= B SRR B BB I B I A, IR, — Ik
ol SR B KRR T 538 K ACER B T 1 45 SR 2

0 GNP EP AP ADP HIP BOP 15D PR R PR R LG MR, AR IR
b. = 3.2 INERMIRELER

2 EBISKAE AEM RTINS0 & B
Fig.2  Percentage of the environmental effects of the case-study
plant at the different stages
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B Y TR, B Bl JE v () — A A e 2
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95.7% ,AP =98.5% ,ADP =84.4% ,1.SD =95. 0% ,
Wi E B B GWP = 93% , AP = 98% , ADP =
73.2% ,1SD =94. 0% ; \AAFEYERE (HTP) KR

PRIAS [ P53 52 e 21 R0 08 R 34 LU [m] 2 B A
R Yt B, S [F) A5 52 e S AR ) G 3k P
ATHCER , BT LA, 75 BEK R AE Ab 45 S E 47 $50d 13 — 1k
(hrifEfl) , LIS 20T S 0T L Xl . A 1 (s o
S SR TINAT & R L PR IE O, 2R IR rh S
IH— AL LA 4L, T, GWP By R« 25k
TH0) ™ LA A i e HE R b b BN AR B HE ik
{8 ; ADP BEE >R HI1 2012 4F BP {it 5t g IR 48 11H4F
S ) B R R R 2% A s BOP A LSD i 1fEAE 43 5
K HH 2013 AR H E A B e i AR i) B A ER
B S ) — 4k L VB {8 2% A CML2001 — Nov. 2010
PR ARIER R P RAE o BT R S R
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Tab.6  Normalization results of the environmental effects for

the case-study plant

s | Aty [ e

ﬂﬁg@ﬂ (kg')\_l -a_]) 7 7
GWP 6.60E +03 3.56E +00 | 3.51E +00
EP 1.58E +11 4.02E-10 | 4.02E -10
AP 2.39E +11 1.19E -09 | 1.39E -09
ADP 1.51E -03 8.50E -01 | 9.20E -01
HTP 2.58E +12 3.04E -09 | 3.66E -09
BOP 3.20E +01 1.27E +00 | 1.28E +00
LSD 2.43E +02 4.08E +01 | 4.96E +01

# 6 H—ALE R R, PR R A (CGWP) &5
FREURIRTERE (BOP) XU{E AL T I/ — R . He )ik
Ui, AR GWP B BOR (AR 15 KA Bl 2545 3R 558
SRR A SRR H K SRR RERRE A o B P I
5 U 2 ] #E (LSD) FIAS m] P A B 0 AR 1 fiE
(ADP) T PRIE 50 U — AR A0 0 R T AT, 1A
IELE R T R . KK - il % 2800 45
PRI 2R AL T AL, B, A RN W vy K
HERChRE, BOP 55 EP [5 5822 F [, {ERF B M ok i) 1)
J& GWP S50 Tt o gk — 2D UL, — R4 i K HE
TECARAE A SRTE AR RIS AT A, AN LA
FEFEYR TG AR AR BT SR BT 255 S M AR A , e 20K 15 2]
AR IR 1925
3.3 INMERMENER

RS STHR AN G375 /K AL BE T 24 3 AN [R] B 358 52 1)
ZEEE AT LA BN R PR R 0 K R AR X o
PEHIBE RS, 4k 7 P

R IMERAMFIETIERE A

Tab.7 Judgement matrix A of the environmental effects

iég GWP | BOP | ADP | EP | HTP | AP | LSD
GWP 1 3 3 4 5 6
BOP 1/3 1 1 2 3 3
ADP 172 | 12 3 4 5 7
EP 1/3 1 1/3 1 2 3 3
HTP 174 | 172 | 174 | 12 1 2 4
AP /5 | 173 | 1/5 | 1/3 | 172 1 3
LSD 176 | 1/3 | /7 | 1/3 | 174 | 1/3 1

DR [ B 22 R T, 7 AT — B AR
Ko S35, FIWE 4 A B — SRR AR CR =

0.06 <0. 1, Ut AIZHI W B A 2 — 3k, #in

FERE R AN AT IE AL, A5 8 ERAR R MR T
r0.382 0.474 0.346 0.340 0.296 0.263 0.2317
0.127 0.158 0.346 0.113 0.148 0.158 0. 115
0.191 0.079 0.173 0.340 0.296 0.263 0.269
0.127 0.158 0.058 0.113 0.148 0.158 0. 115
0.095 0.079 0.043 0.057 0.074 0.105 0. 154
0.076 0.053 0.035 0.038 0.037 0.053 0. 115
L0.064 0.053 0.025 0.038 0.019 0.018 0.038

PR RATARIN, IERLAL , SR 25 3] 1) 4t
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0.056 0.035]"
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3.4 XROITIMEBLEAENE

EWG KA — | A 1 x 10° m® g
JK B LCA T2 R AL — 45 51, LIAT I P 2K
Gy RN N
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3.04E-09 1.27 40.80]

A, =[3.51 4.02E =10 1.39E -09 0.92
3.66E -09 1.28 49.60]

W A, x WA, x W, AT DLAG B 7R IR 3 - i
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IRIEZEA SR ARME S . LCIA, =2.96,LCIA, =
3.27,

A FU J57K A RS B LCA FREELE A5 s
BB 3T, 3 FLB: Bardenpho T 25 X PR 45 52 1 2
FET, B, 255 PR a8 s HAIG, iX 5 B AT FE AR
AKFsEA—E ), FEHIRIN, EEE T S S
RN 7 Ji T B Bardenpho T. 203z A7 4 i v BAf7 1y
FELLE M T2 B, IIPE LUK R 32 B
FEFH R S R BOR A 77 i R i A R = AUA
()2 HE R AR A RN AR AR 9 U5 A U 45 R 5 5 k)
PAQIER LN

AR L, R LR TR r i KK BT R R
TEBE IR = ANV VAR S A R FE AR A A B U A
Uy P REFIT U, LA 52 ) TR X R B 25 52 ) 1) T
BRLF- AT DL Z2 % o A, 33 DO 30 5 e 28 740 o 38 T B
WbTFoF JEALE TN G T 2 B A R R AL, B,
3 S YR KR i R T K AR ME (— 2]
A) AT g2l LCIA A%,
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ZHIFFTH PR B AR TE KALBE)T LCA PYAY3REE
ZEA M PE bR, H F X GWP BOP HTP EP AP,
ADP 1 LSD X 7 TUEREE R M 2R AL UEA 7 PPA . HU,
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— WP ER A R R PR AR L R, R R RO T
VAR T NG VARG I w1 = /Nt D O 2\
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RS PR IR R > o PR BR PO I
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5 Zit
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TRAL T B 5E 77 A 255 8
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