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Fuzzy comprehensive assessment of water quality and prediction of main pollutants in the Tuo River

FU Dong'?, WU Xue—fei', YI Zhen—yan', CHEN Yong—can"”

(1.School of Environment and Resource, Southwest University of Science and Technology, Mianyang 621010, China; 2.School of Chemistry
and Chemical Engineering, Sichuan University of Arts and Science, Dazhou 635000, China; 3.State Key Laboratory of Hydroscience and
Engineering, Tsinghua University, Beijing 100084, China)

Abstract: To accurately investigate the water quality of the Tuo River and to predict its main pollutants, the fuzzy comprehensive
assessment model and the BP neural network were used, respectively. By selecting and optimizing the evaluation factors, a fuzzy
comprehensive assessment of the water quality was conducted using the monthly water quality data of 31 monitored sections of the Tuo
River from January 2018 to October 2019. Principal component analysis of water quality in the Tuo River was carried out to identify the
main pollution sources and pollutants, and BP neural network was constructed to predict the main pollution factors. The results showed that
the water quality of 9 sections of the Tuo River met Class | water quality standards, and the remaining 22 sections were of Class V water
quality, and were distributed along the upper, middle, and lower reaches of the Tuo River. The concentration of TN exceeded Class IV water
quality standards in all monitoring sections, of which 27 sections exceeded Class V water quality standards. BP neural network constructed

using the water quality data of the upstream section successfully predicted the TN concentration of the downstream section, with an average
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relative error of 2.041%. The results implied that the Tuo River was significantly polluted by TN, with non—point agricultural and industrial

wastewater being the main sources of pollution. Additionally, according to this work, BP neural network of other sections of the Tuo River

can be built to effectively predict the TN concentration in the Tuo River. Our findings can provide a reference for the comprehensive

management and pollution control of the Tuo River basin.

Keywords: Tuo River; fuzzy comprehensive assessment; BP neural network
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Table 1 Statistical analysis of evaluation factors and water quality standards (mg-L™")

WHET  RUME RO P Rk GB 38332002
Parameters Minimum Maximum Mean S.D. 1 I m I\ A%
BODs 0.30 6.90 1.99 1.37 <3 3 4 6 10
COD 7.50 17.40 9.39 1.80 <15 15 20 30 40
CODw, 0.70 4.60 2.45 0.71 <2 4 6 10 15
DO 5.36 8.90 7.00 0.62 =27.5 6 5 3 2
NH;-N 0.04 2.56 0.48 0.34 <0.15 0.5 1.0 1.5 2.0
TN 2.13 9.85 5.12 1.50 <0.2 0.5 1.0 1.5 2.0
TP 0.01 0.30 0.16 0.07 <0.02 0.1 0.2 0.3 0.4
F 0.19 1.36 0.41 0.15 <1.0 1.0 1.0 1.5 1.5
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Table 2 Results of fuzzy comprehensive assessment of water quality in Tuo River
0 1 JH—ALACE [ H Normalized weight vector Tk K JEK
Section number BOD;  CODe  CODu, DO  NHs:=N F- TN TP Assessment results Water quality category
SS1 0.040 0.096 0.039 0.162 0.010 0.112 0516 0.025 0484 0 0 0 0516 \Y
SS2 0.157  0.103  0.079 0.134  0.044 0.068 0377 0.038 0.381 0.190 0.052 0 0.377 I
SS3 0.128 0.083 0.051 0.119 0.080 0.071 0416 0.052 0470 0.114 0 0 0416 I
SS4 0.106  0.079  0.071 0.110  0.043 0.052 0.513 0.026 0433 0.054 O 0 0513 \Y
SS5 0.141 0.086  0.049 0.105 0.023 0.047 0.528 0.021 0.309 0.059 0.103 0 0529 \Y
SS6 0.135 0.085 0.046 0.093 0.086 0.040 0.427 0.088 0.244 0.144 0.183 0.002 0.427 \Y
SS7 0.109  0.071 0.060  0.088 0.084 0.052 0419 0.117 0.214 0.173 0.193 0 0419 \Y
SS8 0.087  0.062  0.061 0.102  0.065 0.067  0.441 0.115 0.297 0.182 0.081 0 0441 AY
SS9 0.102  0.064 0.060 0.082 0.062 0.051 0.482  0.097 0.233 0213 0.072 0 0482 AY
SS10 0.102  0.067 0.066 0.082 0.120 0.049 0379 0.135 0.218 0.115 0.261 0.027 0.379 AY
SS11 0.074  0.065 0.065 0.093 0.082 0.070 0412 0.139 0.333 0.101 0.154 0 0412 AY
SS12 0.103 0.066  0.054  0.083 0.044  0.058 0471 0.121  0.268 0.137 0.124 0 0.471 AY
SS13 0.069  0.072  0.048 0.109 0.061 0.054 0471 0.116  0.371 0.111 0.046 0 0.471 4
SS14 0.060  0.066  0.047 0.102 0.048 0.053 0.514  0.110 0.346 0.084 0.055 0 0.514 \Y
SS15 0.044  0.058 0.060  0.104  0.067 0.049  0.494  0.124 0.257 0.148 0.099 0 0.495 \Y
SS16 0.056  0.073 0.068 0.126  0.067 0.057 0394 0.159 0.328 0.135 0.143 0 0.395 A
SS17 0.063 0.074  0.068 0.124  0.084 0.057 0370 0.160 0.312 0.175 0.144 0 0.370 \Y
SS18 0.075 0.082  0.075 0.137 0.096  0.110  0.263 0.162 0.406 0.215 0.168 0.211 0 I
SS19 0.060  0.082  0.081 0.140  0.087 0.074  0.317  0.159 0.343 0.228 0.111 0.063 0.254 I
SS20 0.064  0.091 0.082  0.146  0.071 0.080  0.293 0.173  0.392 0.176 0.139 0.293 0 I
SS21 0.059  0.082  0.079 0.137 0.121 0.087  0.241 0.194 0.353 0.174 0310 0.164 0 I
SS22 0.057 0.076 0.075 0.130 0.060 0.075 0356 0.171 0365 0.125 0.154 0  0.356 I
SS23 0.061  0.066 0.067 0.110 0.048 0.064 0463 0.121 0.299 0.153 0.085 0 0463 \Y
5524 0.049 0.055 0.058 0.098 0.168 0.056 0396 0.120 0.233 0.095 0.172 0.104 0.396 \Y
SS25 0.064 0.073 0.072 0.116 0.072 0.074 0370 0.159 0339 0.133 0.159 0 0.370 \Y
5526 0.047  0.061 0.062  0.106 0.072 0.074 0436 0.142 0.287 0.136 0.142 0 0435 \Y
SS27 0.047  0.057 0.059 0.102  0.099 0.051 0.456  0.129 0.236 0.145 0.164 0  0.456 \Y
SS28 0.033  0.054 0.047 0.097 0.044 0.050 0.564 0.111 0.251 0.107 0.078 0  0.564 \Y
SS29 0.038  0.074 0.055 0.113  0.054 0.066 0475 0.125 0.312 0.138 0.075 0 0475 \Y
SS30 0.071 0.085 0.082 0.136  0.091 0.086  0.278  0.171 0.371 0.197 0.154 0.278 0 I
SS31 0.074  0.085 0.085 0.138  0.111 0.090 0.292  0.125 0.356 0.278 0.074 0.233 0.058 I
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R3 12 MIEIRHIBERE B F T AR FE
Table 3 Loadings of 12 measured variables on VARIMAX

rotated factors

FE 47 Index F1 F2 F3 F4
BOD; 0.285 0.092 0.860 -0.087
cr 0.356 0.689 0.062 0.189
COD, 0.280 0.159 0.880 0
CODy, 0.055 0.750 0.216 -0.340
DO 0.296 -0.674 -0.198  -0.147
F 0.026 0.097 -0.035 0.929
NH:-N 0.479 0.201 -0474  -0.045
NO; 0.826 0.022 0.146 0.164
SO% 0.795 0.311 0.225 -0.103
TN 0.895 -0.164 0.071 0.023
TP 0.676 0.559 -0.257 0.117
EC 0.770 0.286 0.256 -0.082
FROE(E 3.392 2.357 2.038 1.103
J5 %1% 28.263 19.644 16.987 9.195
BT %1% 28.263 47.906 64.893 74.089

VLI A AR K3k, SURB T LA 1k A A HE )
B HE AT, SOY I RESR AW WA A0, (H 2
SO £ BT A5 Wt 1 B vk B AR FL A e, R L 253 /LRI
BERRIE BT, FL AT AR AVE 2R R 5 e . 55—
A F LS (F2) %) CODw, A 38 A IE 24, X CLAI TP A
P S5 1Y IE AT, X DO A A Y R T, F2 AR TR
07 21 19.644% . R4 CODy, F1 DO B 17 , F2 7] fig
e PEE R YL R IRV A AL T R
w2 CURTRESR B Tolk K . PRk 2 T REAR 6

Tolk KT Ye 55 = A F R4 (F3) o5 AR )
16.987% , %} COD, Fl BODs (1) 1E 2 117 # K , %F NHi-N
H) R AT B /N . F3ALHEE SR A A WIS e, vl
U PR F A 36 75 KR Tk R K™Y T R 2 HORFE AT,
BRI v FEAR &, AN o b 3K V bR (1l
FECHE AT LA, AN KA v BSOS HT )
P F3 oA AT RE AR IR V5 KI5 Y 48 DA a4
(F4) X FA 358 19 1E 24 , X CODw, A7 855 1) 11 2
fr R T BT 2210 9.195% ., FIEH R AFAL T,
V) FNE R (ATETLAS R S PPk B R
I K T 2K BThR A, 15 Y FE LT & sl
I, Ry VT A (9 AT B2 X4l - S AR 0k AR 2
S BT LA FA AT LR A2 LR . £ 5 DL By
Br, BT LA AR TR IE AN Tl I 7K S 1R VT i 32 By e
TP
3.3 SBLK R

FRYEAS R 25 A AN A5 B4 o B SR e BTN
R TMAR AR, BV 2 LAz, B EiRA T E
B34 BT 1 12 A H8 AR AE b BP il 5 I 2% 11 i A £ ik
o BARGETHEOR T LUHE Bl i BP B 28 90 2% 1) i A
SR AR S R A CHE BT, SR TN VR I
FH S HAR S BB T 0.3 IUFEFRIE i 4 1Y BP ki
ASH, AR R 4 R o e &3k $F CODe, \NH3-N |
NO;.SO% \EC FI TN g A2, BUAFH VL — KT
Wi T8 [ CODe, . NH;—N .NO3 .SO% \EC I TN ¢ Ji 35 i
IR YR T AT ) TN MR dl e A I i e T R 2
R 2 TCAN B 4, T LA BP 48 B4R $h 25 F4 64—

F4 BIERHIEXE

Table 4 The correlation of each index

BODs cr CODc. CODw DO F NH;-N NO; SO% TN TP EC

BOD;s 1

cr 0.158 1
CODe, 0.852%*  0.257*%* 1
CODy, 0.328%*  0.412%*  0.302%* 1

DO -0.070  -0.347%* -0.213* -0.295%* 1

F -0.043 0.164 -0.027 -0.105 -0.040 1
NH;-N -0.073  0.235%* -0.111 0.089 0.037 0.046 1

NO; 0.275%%  0.368%*  0.354%%* 0.018 0.029 0.063 0.2427%%* 1

SO% 0.410%*  0.465%*  0.398**  (.338%%* 0.040 -0.011 0.207*%  0.604** 1

TN 0.290%* 0.183*  0.316%* -0.030  0.277** 0.002 0.367**%  0.773%*%  0.576%* 1

TP -0.045  0.465%* -0.008  0.476%* -0.314**  0.205*% 0.290%*  0.208*  0.378%** 0.136 1

EC 0.419%%  0.440%%  0.409%*  0.284%%* 0.007 -0.007 0.179% 0.572%*%  0.869*%*  0.563**  (.345%%* 1

TE 4 RRTE 0.01 KPR EFC (RURRER ) 5 *3R/RTE 0.05 KPR BRI TE) o

Note: ** Correlation is significant at the 0.01 level (2—tailed ). *Correlation is significant at the 0.05 level (2—tailed ).
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Figure 2 The scatter plot of predicted value and measured value of BP neural network
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