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Optimization of water environment management performance based on total amount
control of pollutants —A case study of Zhaosutai River Basin in Jilin Province
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Abstract: In order to explore the relationship between total amount control of pollutants and water environment management
performance, we established a comprehensive management performance index system for water environment covering social, ecor
nomic, and ecological aspects of the basin. We calculated the environmental performance and analyzed its change trend. Taking
the reduction of water pollutants as the decisiorr making variable, with minimum investment as the optimization objective, we set
certain constraints, and built a water environment management performance optimization model. Taking Zhaosut ai River basin in
Jilin Province as a case study, using Lingo8 O software programming to optimize the solution, we obtained an optimization
scheme that required a total investment of 15 09 billion Y uan, could reduce the chemical oxygen demand and ammonia nitrogen
by 9879 1 tons and 619. 68 tons respectively, and could improve the end of term water environment management performance to
0. 856.T he performance index system for water environment management can comprehensively reflect the quantitative change of

performance value. The optimization scheme meets the requirements of water quality improvement and total amount control of
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pollutants in the basin, and effectively reduces capital input. It can provide a reference for water environment management and

sustainable development of river basins.

Key words: w ater environment performance index; total emission reduction; index system; optimization model; total amount corr

trol scheme
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Fig. 1 The geographical location of study region
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Fig.2 Evaluation index system
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Tab.1 The index system and standardized value of environment performance in Zhaosutai River
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
fEbR bRdE fEbR bW dEAR ARdE SBAR ARE JEAR ARdE SRR bRME dBER ARdE IRbR ARdE IR BRdE SRAR bRilE
Z1/JC 9692 0.19 12404 0.24 14689 0.28 14689 0.28 17879 0.34 24001 0.46 27164 0.52 29828 0.57 29828 0.57 42386 0. 81

2505

q91;)= [%i:i;f(xr Ey)"]
d. R4 2 3) Al (5) 5 BLE .

(5)

E=p A

27( %) 0 0.00 83 0.08 0 .00 8.3 0.08 83.3 0.83 50 0.50 41.7 0.42 75 0.75 91.6 0.92 100 1.00

72( %) 9.5 0.8 6.26 0.57 5.23 0.47 4 0.36 4 0.36 4.31 0.39 1.58 0.14 4.5 0.41 5.09 0.46 2.499 0.22
73/km?  9.60 0.33 1250 0.44 12.90 0.45 13.10 0.46 17.20 0.60 14.40 0.50 15.60 0.54 16.80 0.59 17.90 0.62 19.10 0.67
74/t 2.088 0.79 1.575 0.84 1.265 0.87 0.806 0.92 0.610 0.94 0.938 0.85 5.274 0.47 4.532 0.55 3.122 0.69 2.989 0.70
75/t 2.410 0.31 2.018 0.42 1.676 0.52 1.068 0.69 2.050 0.41 1.933 0.44 1.771 0.49 1.642 0.53 1.541 0.56 1.448 0.58
76/t 6.184 0.85 3.197 0.92 2.112 0.95 1.410 0.96 0.995 0.98 39.255 0.02 18.717 0.53 15.284 0.6210.496 0. 74 10. 29 0. 75
0 0 0
0

Z8 (mgeL'1) 3.77 0.69 6.817 0.44 10.82 . 88

.12 7.86 0.36 3.00 0.75 4.54 0.63 3.31 0.73 2.92 0.76 1.88 0.85 1.41 0
79/ (mgeL:1) 203.2 0.09 171.890.23 73.64 0.67 34.94 0.84 33.12 0.85 26.35 0.88 23.92 0.89 24.29 0.89 26.35 0.88 19.37 0.91

710/t 698.19 0.41 521.49 0.56 1086. 11 0. 08 998.38 0. 16 360. 15 0.70 363.92 0.6 552 31 0.53 245.33 0.79 273.86 0.77 129.58 0. 2

Z11/t  48208.3 0.02 16561.91 0.66 11274.86 0.77 5761.35 0.88 3617.45 0.93 290.42 0.%4 1961.58 0.96 2430.09 0.95 3219.42 0.93 191.28 0. 98

712( %) 31 0.25 31.36 0.26 42.47 0.36 42.47 0.36 72.59 0.61 70.38 0.59 75.02 0.63 81.56 0.69 87.21 0.74 8.53 0.70

Z14/kg 2.86 0.58 3.16 0.54 3.39 0.51 3.46 0.50 3.52 0.49 3.62 0.47 3.75 0.45 3.78 0.45 3.91 0.43 3.9 0.42

Z15/ 3 27.88 0.60 34.30 0.51 37.23 0.47 45.04 0.36 25.81 0.63 27.09 0.61 27.27 0.61 27.09 0.61 25.04 0.64 26.82 0.62

0

0.

0
Z13(%) 0.6 0.38 0.60 0.39 0.60 0.39 0.60 0.39 0.60 0.39 0.88 0.57 0.92 0.59 0.96 0.62 0.96 0.61 0.% 0.62

0

0

0

7Z16/hm? 48793 0.52 48793 0.52 48793 0.52 66629 0.71 66629 0.71 66629 0.71 66629 0.71 27442 0.29 28237 0.30 28711 0.31
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Tab.2 Weight of index layer

EEL A 72 73 74 75 76 77

YAY 710 711 712 713 714 715 716

w 0.06 0.059 0.031

0.082 0.033 0.089 0.122 0.074 0.093 0.083 0.089 0.052 0.035 0.015 0.028 0.055
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FIH SPSS 22 0 8 A1t BEAR TR & W BOK
B P G RE, Al H OriginPro8. 5 A4 X 18 b ik
RE B EUSCEAAEE 7341, 2006- 2015 F48 75
BV I K IR 5 A B - F bR 4 A0 FE AR Ak VR L
3.
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Fig.3 Performance variation of each index of the index system

2007- 2008 F A G EH 521 498 t EFh =
1086 118 t, #Ei K 2K M 6 817 mg/L |
THZ 10. 823 mg/ L, Wit /K i 15 A5 R B, 5
2007- 2008 4F 44 75 & W] B B3 PR 91 A0 B
2010 F i T2 % HEV5 & B 998. 380 t ik > &
360 157 t, F A E WA ISK A br R B E R T, W
2010 FESRAEMBT 2009 4 HBIGERIEK: . 2010-
2011 4 F& i) W2 20K FEH 3 00 mg/ L B2
4 54 mg/ L, Ji 76 GDP JE/KHE BRI N, A&7 K
EEr RbBEAR A, S 0T T /KR A bR 2R 83 3% T
B2 50% , HETM 2011 SE7K R85 B 5 3 TN B .
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T KA S B S 30 e BT ST R 30
RS EI k%S . B 2006 S5 2015 F5RK
SN 0 43.0 48.0. 46, 0. 53.0 63.0 53.0 60.

0 67.Q 71.0. 74, [ ZLpE PR3 LAl i 15 TRE AR
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TRIR B S S B IS o R T 3 S VR A &

4 2006- 2015
Fig.4 The variation of water environment management

performance in Zhaosutai River Basin from 2006 to 2015
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Tab.3 Performance improvement index system based on total amount control
EiEp aE L H b5z HE 2 EELIY
. I e T
it AT R T
BT K TS KR LR
SRR AR TS Geve B R WA TS K AL B T
IR O B AR S AL AL B TR
H LA I
ﬁfﬁggiji B BT U S 17 TR
" TRERTr FREEIR TSR R S AL TR B RIER A IR

THEbR ik &

A IRITS K ISR S B TR

R FH T4 1)
T T B E TR TR E R M
T BB R
WE BT COD K& B & BLGUL AR - it T B R AR

3.2 Hirdk#

PRACAEE BLLL BT ) 3 (1048 b g Al 4 B 387
IR BRSBTS KI5 G )98 R kSR AR
i, P THE N S R MU IR E bR, HEE A
N 2016 4, HEREEN 2020 4F, #H H bR 88 102 1A
AN:

J M T

Minmizef = Z > ZSEijI * CSRjm+
] m t

J. M

]_Z mZ ri‘EER,-,m * CERwm+ ]JZ ZZ iWERjz, * CMR;x
(8)

f:f IR R SRR THEN T & (12 70) ;5
K Is G HIR TR, j = 1,2, 2 B4 coD
ARGt KA NA RS, = 1,2,3,4,5;m AK
B B THE M, m= 1, 2, 3, 4,z A/KIRIE SR
RO 7 5 BPEFHE ME R0, n= 1; SERm Nt FA40
GER B TF 5 it m %R COD AT & IR & (1)
EERn N t FAp TARFE TG m X COD Al &
MR E(t) s MER: N ¢ A0 0 4 FHE Tl 2 X B
COD FIE ZHI (1) ; CS Rim 9t 4FHy 25 MR T
Jiti m %F R, COD A& & HI Uk 9% FH (73 76/ t) ; CERjmi
Nt AEA R IR TR 0 X R COD I 2 I 2
(T3 78/ 1) ;s CMRiz N ¢ Ay S5 R HE Tt it 2 X B2
COD Fa ZHIak F( 7i75/t)
3.3 #HREH

(1) K I8 B SRA bR 251

FETAACEE RS AL TT S0PRG4 BE B34
ANTIH 555 07 R B B a3, HA KRR
v/ (1l
?A,"jt ?A [%SER,WwL jiAj‘ ,t % IZT:EEijz+

m

ijj- ji ZZ TZMER,M B 2EP (9)

s 132 KETETR

X EP RIS 2577 AL LRI IR B K 3R 55 45 B
SUUE; Aj 79 COD A BN B B ST30 B{H; B
NIE FEIX 4 0k U .

(2) PIB Az W] IAARZ

FERR S5 450 20 T4 Tt S it ), 47 756 3 if SE B
I TSF - WU G TR o W 4 i 4w 0 28),
DAL B 5 425 1) BT THD SR 2SR U R -

ji ?A TZSER,'mﬁ ,t :i liEEijz+

J

VA T
Y Y XMER;.. 2TCT; (10)
J z t

X TCT, RIEZZETTEZ 53 R
IR AR & (1)

(3) 5GP 20

TR A I 0TS G G E AR, IR IA R
GRRHRTT TR Rt 5 e Mk 2 T X d83h A5
Kol 52, S ARl 77 R S A, IF =

ZZSER]'W+ ?EER,-mﬁ jZMER,-u 2SA5, Vit

(11)
e SAj e WHPOKYS 99 ) FiE RS 1B oL ()
(4) BIEEGUAAR THEE T ML 3
MRHE R SIS« s Ak S5 42 T A Ak AR 52 Tt
AL I ST 1 H AR EOK, SR M SR T
i 7EA RIS 391 75 5 B — € B 3 b,
AD TS 1l

T
L SERm 20SR;n (12)
T
Y EERju 2O0ERj» (13)
T
;MER,z, 20MR). (13)

KA : OSRim A EEEER FETHE T m T 4
BRAE (1) : OERim NI GUL TREARTHEE m ) 4i



B OREe ETERYEEEFAHRBANEERZRAUAR —U EREEHE T RR A

IPRAE( L) s OMR;. IR EEESE B/ 4 B4R TH i 2
W AR RAE (1)

(5) E LI

FESRAG IR . AR Uk 548 BN IE L, BN
FE A7 AR, oF 4% uk AR B A TR SR

EERm> 0 (16)
MER;: 20 (17)

3.4 HAKRE

RRAU A5 TR IR AR S EUR IR AR A BB 4t
TR H R 0 (B R B ] R 28355 45 i 3R D (2005 -
2010 4) UL CFL R B g iR %) (2010~ 2015
A7) P2 KA L K B OR AP 1 it R K B B b 7n b R
FENT U K R Ve ik @ T E 5 %
FR#amN ™ R H AT e g YR 47 A
%5,

4

Tab.4 The parameters of water environm ent

performan ce optimization model

PALELHE SRR CoD B LHIRA

T ) i

: JTTE AN 1NN B (A
ZE R T 3 820 15.63 13.23
IR TS gL vh B AR 1 700 32.42 1.96

. FRIEIES ReBTIG 5

ol 2 037 38.38 0.11
& BRI TR

VAT ET RS e 2 TR 1703 0. 66 0. 005

WS B R T 10~ 30 - - - -

5
Tab.5 Reduction objectives of environmental performance
im provement measures in different planning stages

t

Ki5 L G LRI W
Y] =7t It Fey TG T
2016 56. 4 N07.6  796.8 10.7 9
2017 57.0 N04.7  796.9 11. 1 9
COD 2018 57.6 912.4  800.2 10.9 9
2019 59.0 PN01.7  799.7 11.0 9
2020 56.6 913.4 797.6 11.4 9
2016 6.1 58.3 51.4 2.5 1.7
2017 6.1 56.9 51.8 2.5 1.7
NHy N 2018 6.1 57.6 53.8 2.7 1.7
2019 6.1 58.5 50.9 2.6 1.7
2020 6.1 58.8 51.8 2.6 1.7

GRRVE SEI ROk C ERR R Rt i G SEVEE DN
THEHL, A AT Lingo 8 0 #fF 4 12 I3 47 AL A K
ifE, SRASHH 75 G T PR AE LR 3 TR K PR B B B

G MIENN 15 091470, BRI G R T R E
MK 6,

6
Tab.6 M odel optimization scheme t
K5 TERA e
e It e o mm ERT
2016 625 1005.4 882.7 11.9 10
2017 63. 1 1002.2 882.8 12.3 10
COD 2018 63.8 1010.7 886.4 12.1 10
2019 65 4 998.9 885.9 12.2 10
2020 62.7 1011.9 883.6 12.6 10
2016 6.24 60.0 52.9 2.56 1.8
2017 6.27 58.6 53.3 2.57 1.8
NHyN 2018 6.3 59.3 55.4 2.74 1.8
2019 6.27 60.2 52.4 2.72 1.8
2020 6.25 60. 6 53.3 2.69 1.8

3.5 #Xom5itw

(1) 73 /2 AR THE Bt 5% N 5% 4 e/ A4k
H R, CAFEH] B 7K 0 akhw, K 548 3 of 5 s
VI ek AMIK T 278 07 58 = AL %A R thidb
WA, IURIEA A6 7 R 1 sk COD L & & 53 i
99 879 1 t.619. 68 t, L K M 5 3 47 25 T A
BT 15. 09 127G, BRI I PR PR 858 B B S 30 T
BN Q 856. SHFFT XIR MR 2% 75 R AH LK i5 e
¥ COD Fla & A ek & 5 Bl G 0 T 9 73%
2 93%, AR B BREWSE T ZH 17 114
TCAEIR T 11 75% , BRI A AR 1) 7K 3R 55 58 3 5300
ZEFTRENQ SI8IEINT 4. 7% » 54875 G s
PR PR B SREAR LI 0T 15 7% »

(2) 7ESE bR AR Ao 453 RCER T it sk 47 & 2
R &, w5 K PR B B R R R, [ F COD Al
RARIHEFF A 92br, BA PR . Heh TRERTH
E T O SR B, A AR T T e E TR R
g3l d COD 2 U Bl E 1 50. 90% F1 48 21% .
NGB THE HE 7K 5 G EEaE 7 Lok E, H 5
BT IR A A B THE Tt R A 5 Y iR B
AFR IS e e

4

LT B P A L T A AR L R TTY
FA75 QI I K 5 B R AR R . DR TR
AR B, 192 AE HAR MR S0% T KI5 e et
AR T 5, A R BRI A B S SR T
BN B B, ISR PR 85 BN 75 82 K i
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SN HETR

T FHIR GRS AE T T I R A
BEGREA B 5 B Bt e (V57K B i K
REFRT) B 5835 /KT G R B TR 1) St 25 DORE 5%
e b L TR P = e Bk = B W DA o7 e s
V55 TR Qe A% ) 7 T, 15 i PR R ) S it X
PR IAETE BIGTR THE AT 2 .

ARSI HR A R S PR S R 2R Hx Hofth %
A T KGR FR AT B PR TR, A A
B KA SR o kTS Y R M T SR
THRGW R R 2, S Rl & it — 2 e E M
FEAE, BT T TR R 153 A AT R 1
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