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Abstract [ Objective] To verify the applicability of the secondary game cloud model method in Shiyang River Basin, based on in-
depth analysis of water quality changes in Shiyang River Basin from 2018 to 2022, the main pollution factors of 8 monitoring sections
are identified, and the main water quality indices of severely polluted sections are predicted in short term in order to provide decision
basis for subsequent water quality research and water environment management in Shiyang River Basin. [ Methods] Secondary game
cloud model and single factor evaluation method were combined to analyze 8 main indices of W1~ W8 water quality detection section in
Shiyang River Basin, and the grey GM(1,1) prediction model was used to predict the main pollutant indices of heavily polluted section

Result Resluts could be concluded as follows: (1) The upstream water quality of Shiyang River Basin remained good from 2018 to
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2022, and the pollution was mainly concentrated in the middle and lower reaches near Wuwei City. Among the 8 selected sections, the
W4 and W5 monitoring sections had more serious water pollution. The main pollutant indices were ammonia nitrogen, TP, COD and
BODy; (2) Through the grey GM (1, 1) model prediction, ammonia nitrogen, COD and BOD; concentrations of the W5 monitoring
section in 2027 could meet the water quality requirements of class Il , class IV and class I, respectively. The concentrations of
ammonia nitrogen, COD and TP of W4 monitoring section could meet the water quality requirements of class IV, class IV and class 1I ,
respectively. [ Conclusion] From 2018 to 2022, the water quality of Shiyang River Basin improves year by year, and the pollution is

mainly agricultural pollution. TP, dissolved oxygen, ammonia nitrogen, and sulfide are dominated in water quality evaluation of study

area. The improved secondary game cloud model and grey GM (1, 1) prediction model have good feasibility and applicability in

Shiyang River Basin, and the evaluation result are in line with the reality.
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“BH I M m V& V%
DO E, 7.50 6.75 5.50 4.00 2.50
E, 3.18 0. 64 0.42 0.85 0.42
H, 0.30 0. 06 0.04 0.08 0. 04
A E, 0. 08 0.33 0.75 1.25 1.75
E, 0. 06 0.15 0.21 0.21 0.21
H, 0.01 0.01 0.02 0.02 0.02
COD E, 7.50 11.25 17.5 25.00 35.00
E, 6.37 3.19 2. 12 4.24 4.24
H, 0. 60 0.30 0. 02 0.42 0.42
BOD; E, 1.50 3.00 3.5 5.00 8. 00
E, 1.27 0 0.42 0.85 1.70
H, 0.10 0.25 0. 04 0. 08 0.17
R ER TR E, 1. 00 3.00 5.00 8.00 12.5
E, 0.85 0.85 0.85 1.70 2.12
H, 0. 08 0. 08 0.08 0.17 0.21
TP E, 0.01 0. 06 0.15 0.25 0.35
E, 0. 008 0.03 0. 09 0. 09 0. 09
H, 0. 008 0. 003 0. 009 0. 009 0. 009
ALY E, 0. 625 0.750 0.875 1.250 1.375
E, 0. 424 0.212 0. 106 0.210 0. 106
H, 0. 04 0.02 0.01 0.02 0.01
likie] E, 0. 025 0. 075 0. 150 0.350 0. 750
E, 0. 021 0. 021 0. 090 0. 127 0.212
H 0. 002 0. 020 0. 009 0.010 0. 020

o




BE A SAT 5%, HOGHE, 45
T TR R A A7 2] K T AN B TR 43 Vol. 44 ,No. 5,2025

I

VM T %
\&

St 1% %ﬁ
2 g TR
o> g i’ ol
.y MY 5 W .

10 15 20 ,’25
DO/(mg-L™")
(a) DO
|IEAIEQEAE AR

o ¥ L
=20 -10 0 10

20 30 40 50 60
COD/(mg:L™")
(c) COD

1.0

Lo THIZ W% NE Vi

o
AHAmgL™)

(b) A
TR MPINV %V %

\
1
bl

-l 'a. Yy, .
-4 -2 0 2 4 6 8 10 12 14 16
BOD,/(mg L)
(d) BOD,

15 20

5 10
AR AR ER TR EU (mg- L)

(e) FISRIRELTEHL
5 IKFHRIRAEHIF = &
Fig. 5 Grade Evaluation of Cloud Map of Water Quality Indices

&
A

i
A

o
A A

20184 20194 20204  20214F 20224

GR0y

6 MU S EBIPEAEER

Fig. 6 Evaluation Results of Improved Cloud Model for

Selected Monitoring Section

3.4 FESHEFRTMNERSHWN
3.4.1  FREAUREEERG B 45 R

FIH 2013 4F—2022 -SRI GM (1, 1) 15
RUDEATHR 240 50, PRI i B o 15050 M Wi DR 1 56
GER (R T) ., X W4 W 5 525 K00 45 R S5 AR
HE(FR 2) AT X E, W4 W 0 U7 T8 1Y) P AR R AR X iR
ZYPRENR KU L, C H AR, W5 ZRn it
(% 8) , Uk BHIZ A% 1 7 24 SC Py a5 19 o 00 D 1T 1= A 4%
o P FOUINRG B, T LA R R
3.4.2  EZG YRR LS RS 0T

FIH 2013 4E—2022 4747 1] 7 3k 4% W 00 U 1T
IR BB, SCEE R FH RS GM (1, 1) BB K 4 22



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 /No. 5,2025
May 25th, 2025

R5 W4 EIKTE 2018 4£—2019 /KGR br)E B

Tab.5 Membership Degree of Water Quality Indices of W4 Monitoring Section from 2018 to 2019

Ay £zt 2% IS M2 V3 V%
2018 4F DO 0.349 4 0.937 7 0.296 3 0.1115 0.021 0
AR 0.174 8 0.2102 0.346 6 0.567 9 0.9112
CoD 0. 050 2 0.007 4 0.063 3 0.930 7 0.045 4
BOD; 0.143 2 0.172 1 0. 836 7 0.330 8 0.214 3
R PR ER AR AL 0.1150 0.557 6 0.435 8 0.126 6 0.012 3
TP 0.739 0 0.784 1 0. 856 3 0.936 6 0.9559
Ay 0.765 0 0.674 3 0.616 7 0. 407 2 0.364 0
iRta7] 0.996 3 0.956 9 0.901 3 0.736 9 0. 489 6
2019 4 DO 0.379 6 0.597 2 0.279 4 0.123 4 0.016 5
HA 0.049 5 0. 066 3 0.095 4 0.169 2 0.263 9
CoD 0.014 7 0.000 8 0. 006 0 0. 868 2 0.188 4
BOD, 0.1319 0.162 7 0. 885 0 0.305 0 0.226 0
TR R R Eh R A 0.157 2 0.714 7 0.327 1 0.098 7 0.009 0
TP 0.722 0 0.747 9 0.8256 0.908 1 0.990 3
A 0.765 0 0.674 3 0.616 7 0. 407 2 0.364 0
ey 0.985 8 0.967 3 0.893 5 0.728 4 0.474 0
F6 A IR I W T B IR TN 2 SR
Tab. 6 Single Factor Evaluation Results of Selected Monitoring Sections in Shiyang River Basin
A B T 2018 4F 2019 4 2020 4 2021 4E 2022 4F FEIG YRR
W1 IS IS m3s mk IS CcoD
w2 2 IS | B 2% 2 A TP
W3 IES 4 M m2s \ES A .COD
W4 \ES EAES £ VR VK Vi Z4%..COD TP
W5 Vs V3 V& m& s ZA..COD .BOD;
w6 Mk m& S m2& m2 COD BOD;
w7 IS 2 2% 2% IES A TP
w8 IS m | I IS TP
RT7 WA W GM(1,1) BERIGE 2 4G5
Tab.7 GM (1,1) Model Residual Test of Section W4
AR COD TP
AEY
S E o {E HXF R SEE i AR 2 SEE o AR 22
2013 4 4.91 4.91 0 26.32 26. 30 0 0.68 0. 68 0
2014 4 4,38 4.35 0. 624% 25. 61 25.935 1.310% 0. 62 0.63 1.751%
2015 4F 3.79 3.92 3.479% 26. 10 25.62 1.838% 0.54 0.52 2.015%
2016 4 3.82 3.53 7.513% 25.41 25.30 0.359% 0.43 0. 44 3.208%
2017 4f 3.01 3.18 5.758% 24. 80 25.00 0.812% 0. 40 0.37 6. 944%
2018 4F 2.71 2.87 5. 663% 24.16 24. 69 2.225% 0.31 0.31 0. 709%
2019 4 2.84 2.58 8.931% 25.02 24.39 2. 489% 0.29 0.26 8.122%
2020 4F 2.16 2.33 7.763% 24. 11 24.10 0. 038% 0.21 0.22 4.583%
2021 4 2.21 2.10 5.119% 23.91 23.80 0. 385% 0.17 0.18 8.358%
2022 4 1.85 1.89 2.137% 23.31 23.51 0.938% 0. 14 0.15 11.152%
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+£8 GM(1,l)5HERK
Tab.8 GM (1,1) Posterior Difference Test

A W4 WS W T I ) 3 0 3 S Y de A vk B R A T
TR, LG S FE 2027 4E W4 T 2 A T I T

KM kR frgrts HWE N 1. 12 mg/L, i3 VAR ; COD H i 2
i b it 22 ; . . g v , ey
Wi i Cfa P HXTRE WeBE N 22,12 mg/L, S5 IV 2R TP Tl 5 5 v
w4 AR 0.030 7 0. 86 4.69% FE 4 0,06 mg/L, ik 5 1 b7, 2027 48 W5 Wit

COD- 00754 O L0 U TRV 0,56 me/L, 51 TR
b 0.014 8 0. 86 3. 68% COD T i 2 W &l 26. 97 mg/L, ik 2 IV 25 HR1fE
w5 A 0.0316 0. 89 4.49% BOD, Tl B e B 4 0. 56 mg/L, iK% 1 2545,
cop 0-0551 0.92 4.20% SCEELL W4 W T A 491 22 ) S DA -5 T Y 22 Ak
BODj 0.027 7 0.95 4.42% % ﬂn[gl 7 FJ]"/?\‘
(@ (b) 307
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Fig.7 Comparison of Measured and Predicted Values of Monitoring Section W4
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