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Evaluation of water quality in Xin'anjiang River Basin based on principal
component analysis and entropy weight method
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Abstract: This paper is the result of hydrogeological survey engineering.
[Objective] The Xin'anjiang River Basin is an important ecological security barrier in East China, and its governance is long—term,
arduous, complex, and repetitive. Scientifically evaluating the water environment quality of the basin and identifying the key

polluted areas and major pollution factors could provide an important basis for promoting the improvement of the ecological
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environment of the river basin. [Methods] Based on the water quality data of 88 monitoring points of Xin'anjiang River basin, the
principal component analysis method was used to optimize the evaluation index system of water quality, and then the entropy weight
method was adopted to calculate the weight of each index and the comprehensive water quality index of each monitoring point.
Moreover, the comprehensive index map of water quality was drawn by the spatial analysis function of GIS. [Results] The results
show that the comprehensive index of 88 monitoring points ranged from 0.02—1.313, and the environmental quality of surface water
in the basin was generally good, mainly for class III. The water quality of Zhejiang section was better than that of the Anhui section.
The key pollution area was distributed in the Xiuning— Shexian—Huizhou district, forming two pollution centers in Qiankou Town,
Yansi Town—Sancun Town. Moreover, TN, TP and NH;—N were the main pollution indicators of the basin, where TN was a global
pollutant, TP and NH;— N were regional pollutants. [Conclusions] The water quality evaluation model composed of principal
component analysis and entropy weighting method avoids the repeated selection and the subjectivity of weight assignment for
evaluation index, which could efficiently evaluate the complex index system of water environment and better reflect the actual

spatial distribution of water quality. It is feasible and practical in water quality evaluation.

Key words: water quality evaluation; principal component analysis; entropy weight method; pollution factors; hydrogeological
survey engineering; Xin'anjiang River Basin; Anhui Province; Zhejiang Province

Highlights: The water quality evaluation model composed of principal component analysis and entropy weighting method could
simplify the evaluation indexes, and effectively identifies the key pollution areas and pollution factors. The evaluation results are
more realistic.
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Fig.1 Distribution map of sampling pionts in Xin'anjiang River Basin

http://geochina.cgs.gov.cn FE LT, 2023, 50(2)



498 i [

b, J 2023 4F

B AAEACRERAE JEi 43 100, P 4 B
R R VBT B BB VR R R A
MR VR LA brad i B A A B AR Tk ([
AR5 ICAP6300Duo) i€ . ClI . F \NO; SO
F B (31 (1C940) i 5E . COs HCOs H HIFE R
T VR VTR 72 I o ELAARAG I A (R 7K 3R
B R AR ) (GB3828—2002) FI AE Tk A4 FH 7K Fis
K77 %) (GB/T5750—-2006) BB R #E 4T, T A A
i 3438 1 L ff ARG B8 (5% ) , A5 THLFE s 14 TR 2
AT EDR

2.2 IRF%

SN LTIk P 0T i () 7K LR AR AR 22
BRI K ZA TG Y W F 2 R R E A,
iz R —TPAN J7 o LA A R 15 e DR - 5K it =2 ]
MR, PRICR 32 B A AT i R A 25 6 1
IFRIK BTN, v] LA 3500 bRV 48 A [a] 19 B S
T R UL B AR, T A S & UL, i L T
FE AR B (1) B HURAE | FLAT B0 1 m 5P A S I 1
(Lh g 3E2E 2012; T REIE 5, 2015 X1 B F R HEA
2016) ., 5 3 o b K 32 R
P B IEM R bR AR R | SR 38 TR X PR 46 btk
FFIRAL, T JRK BT PP I B A Vs e X3
2.2.1 ZRGHHTi%

iz FH SPSS 22.0 FAF 34T = 434 i, ¥4 2 4k
A AT R A 035 52 BT 8 VLR K s v =
S R AR IR AR (5KIF45 2015, 25K
HB25 2018; F44,2020) : (1) e 8RR AL, T
R H5 B o 4 S SO B A R 5 (2) TR AT C R B
FE R R, AR bR AL 5 0 B0 T AR DG R BOR
(3) TR 5 I A R AE AR RITRRAE 1) 12, — BB B
FRIEAR AT 1 09 TR AT 08T 5 (4) T H 3 il ot
BRAFN 5 2210 Bt ook, i R4 (5) 1R
53 Far R AFL , 3 T8 S 5 7K 1) B LR AR o
222 MK

AL T S 2R SR BuE R, it
FOPRANE ([ 2655 ,2021) :

(DR BUARR R B0 T 45
WEE P 438 8 (A 1) o Brdvisdoe B Z A K
VA b, PRI I 7K TR A5 42 A mp = 3 TR 7K e K
VR Hb A TR VAT VTN , AR R b 2R 7K A% o A
11E) (GB3838-2002) , £ rfv =0 AR 1 1K 7K Hh 3R 7K i

MoK ST BT A5 K PR TR AR R AR
Tt H A A TR AR DK M 2K R b se i H
ISR T BRI | i PR R 4 s v (R P 4R AR
{0 K i F A PR s b ST H AR AERRAE , oAb 5
AR BV R FH T 2K b v R A
P,=C,/S, (1)

A, PO IR AR A A W AR 20 6
Cy 5 i AR BR AR j A M I A5 9 S AL 5 S A R AR
PRiE(E o

Q)R . B A TR &R A Fia b
IMEREATFR AL, SRS T4 UK ST b O R AL
A5 28 UK SRR AR I e 2

0,=C/¥C, (2)
=5 %] »
w.=1-e)Y (1 -e) (4)

SR, Q, M TR RS B S 1A W b

HEALAEIR  m ] M DN AR, e, D5 i UK TR bR Y
TE s n A SIHEREG o, 5 i TR0 — 105 1
&

G LERIRE KA KBS b IH — AR
5B R G BIZE S H 4P

P=Y P, ()

3 BRSO B EY
3.1 Ik AR

FE T K ARG I HS 15 O, 45 (b R K PR S
HEhRifE) (GB3828-2002) , 2 B 78 /K Jit bi o JC 1
BT VA A WS bR, AR LSRR T Z R A
F/NT 50% H A 1 B AR T 1 hn HEBRE /Y 45
bR, B Zn  As . Se.Cl SO \NO; —N,COD
(A f ) TP RS ) Mn TN (EA) NH-N % 11
TRFEBR X B LV LI K BT A T4

B YT K TR AR R, (E A7 A SR
5% . MRFEARAHIRE , 11 T4 4RH TN \NH, -
N TP 1 Cl A7 E 23 W i a8 3k T 2K b o 199 155
0, o TN SR BE R B T IV 2K bR, e T2
TKBRUERY Wi 1555 294, 11 T4 F5 H AT TN 1 TP

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(2)



5550 % 4524

P AR 453 45 < T 21000 3 R AS TR I 2 VL S B4

499

R 1 KFHEIRER R R

Table 1 Descriptive statistics of water quality indicators

Zn As Se CI”  SO& NO;-N COD TP Mn TN  NH:-N
BORAE/(mg/L)  0.00524  0.0053  0.47 263.00 4040 1140  6.09 0477 00138 485 130
BME/(mg/L)) 00001 0.0002 0.0 004 1.0 002  0.08 0.005 0.0001 019  0.02
T/ (mg/L) 090  0.0015 015 653 893 325 1.8 0.0282 0.00075 1.02  0.07
Nl 0.00116 0.00095 0.08 2835 864 206 078 0.061 0.00163 0.63  0.19

A 5 R % 128.89 6549 5497 43412 9670 63.51  66.05 21632 218.34 6148 26534
R TIT 27K B 81l /% 0 0 0 / / / 0 227 0 3409 227

iV 2K L% 0 0 0 / / / 0 1.14 0 5.68 0
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Fig.2 Correlation coefficient matrix of standardized data
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Table 2 Various factors loading in principle components

fabr L1 ERGr2 EMS3 TEMUT4
Zn 0.530 0.492 ~0.478 0.109
As 0.449 0.142 0.301 -0.061
Se ~0.045 0.025 0.002 0.889
cr 0.204 0.199 0.383 0.440
SO/ 0.266 0.126 0.816 -0.132
NOy-N  0.494 0.743 0.059 -0.101

COD 0.582 —0.640 0.358 0.044
TP 0.866 0.099 —0.120 —0.047
Mn 0.582 —0.530 —0.146 0.056
N 0911 0.249 —0.023 —0.011

NH:—N 0.763 —-0.519 —0.268 —0.004

R 3 BRI
Table 3 Entropy weight of evaluation index
EiEE Se SO NO;,-N TP TN NH-N

R @, 0.04  0.12 0.07 0.34  0.05 0.38

DAY BRI (s 1 B8O Pl B2 e 0T 140 44 W) i
SE A (L JE T I B RRA , T 3 BE T
TR E B, 2B L AR Bk 5
GG, E 4 PR BUETE I 0.022~1.313, 43#T

S5 (B 4) R, 2R R B0 R i I A e AR T
— A X — 5B Dl — 7, T R T RO X s
BCHSFHE— WA AR R L X
PSS B T4 000 R 555 1305 iZ M XN 123 4
TR A = B R AT AR A T 15 K DA SR b A
FRFHAE T IR Y IR XIS RSN £ A 16 15 e
TR AL R

BEAN , NE 4 ] DU BT i
B K BUIRBLE b Ui 2 OB S AR, IR 2 —
JE T U NS B8 , R B £5 S R AN
TCA BRI &, TR 575 e AR B RS
SEAL RN RRAE R A O, 48 SR A 11 39 45 Wi 57k
J A 2SR, 258 e T A A ML X 15 2 7k
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332 2 %5 B -FiR5)

LR BT R R T, — MBI EL AR Eh
JIT e B L HAZ A B AR AR IR 00 LA A A A 5
PR AT E R B S AR N S R R AN —
DI TS YL R T (B HESE , 2015) o ZRAT5 Y48
BotELE R (2 4) Bon, TP IS S 4 e &
RIS 64.77% , HKOE NH-N, (5 1025%, 276
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Fig.4 Comprehensive index of water quality in Xin'anjiang River Basin
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Table 4 Comprehensive index P; and proportion of each evaluating indicator
FF'5 Se/% SO/ /% NOy—N/% TP/% TN/% NHs—N/% £G4 P9 Se/% SO/ /% NOy—N/% TP/% TN/% NHs—N/% Zré a4
1 1.66  4.81 15.75 3427 12.51 31.00 0.025 45 0.78 15.17 13.34 43.47 12.57 14.67 0.052
2 1.73 416 14.69 35.88 11.08 32.45 0.023 46 147 2521 13.07 33.99 9.08 17.19 0.044
3019 1.74 5.25 85.48 3.69 3.65 0.208 47 1.88 12.21 4.81 3891 6.99 35.20 0.022
4 148 2434 28.19 12.81 21.58 11.59 0.066 48 139 848 4.05 28.75 5.33 52.01 0.029
5 191 3.62 2.95 12.73 3.93 74.86 0.066 49 088 3.78 17.54 30.06 14.75 32.99 0.046
6 085 8.03 9.32 56.34 9.63 15.83 0.048 50 021 10.21 4.59 76.82 4.32 3.86 0.197
7 129 698 4.87 17.61 5.83 63.42 0.060 51 0.88 10.45 4.15 27.44 5.01 52.07 0.088
8§ 096 10.11 5.83 30.97 7.25 44.89 0.042 52 0.83 947 15.55 45.57 13.09 15.50 0.049
9 263 11.52 10.00 34.09 1091 30.83 0.025 53 076 547 14.07 54.65 10.85 14.20 0.053
10 2.69 471 24.08 27.84 15.48 25.19 0.030 54 0.21 1.69 3.81 87.90 2.49 3.90 0.195
11 035  4.00 3.87 85.39 3.10 3.30 0.230 55 0.03 029 0.82 60.80 1.74 36.32 1.313
12 0.08 1.70 1.36 6591 2.19 28.76 0.581 56 043 0.78 5.35 86.68 3.86 2.90 0.262
13 131 5.56 24.41 27.13 17.07 2454 0.031 57 024 1.06 5.18 85.66 3.42 4.44 0.171
14 083 10.81 12.67 50.09 10.00 15.59 0.073 58 134 521 15.80 27.84 12.04 37.77 0.030
15 0.70  2.60 5.83 81.76  3.63 5.47 0.139 59 128 419 26.54 26.48 17.55 23.96 0.032
16 494 344 17.46 33.00 11.31 29.85 0.025 60 145 3.87 25.51 2736 17.06  24.75 0.031
17 145 7.86 23.55 2722 1529  24.62 0.031 61 124 418 27.18 25.69 1847  23.24 0.033
18 154 458 20.12 31.87 13.07  28.82 0.026 62 1.18 5.15 20.71 2448 1527 33.22 0.034
19 0.65 0.98 8.60 78.53 5.44 5.80 0.131 63 230 4.62 23.29 27.98 16.50 2531 0.030
20 149 480 21.61 3092 1320 2797 0.027 64 186 4.11 12.07 38.59 8.45 3491 0.022
21 2.69 4.02 24.58 27.80 15.77  25.15 0.030 65 1.66 6.36 12.30 40.02 8.51 31.15 0.024
22 222 375 27.21 25.58 18.10  23.13 0.033 66 0.75 11.83 11.19 54.22 8.01 14.01 0.054
23 146 446 22.46 30.14 1422 27.26 0.028 67 046 532 2.59 24.08 4.41 63.13 0.096
24 1.63 453 25.01 28.16 15.19 2547 0.030 68 037 298 0.03 29.87 1.62 65.14 0.111
25 050 1.54 3.65 10.37 4.20 79.75 0.081 69 0.64 421 3.68 43.27 5.09 43.11 0.088
26 245 4.68 23.87 28.23 1522 2554 0.030 70 145 6.23 2.85 3529 4.69 49.49 0.061
27 317 412 22.69 28.52 15.70  25.80 0.029 71 230 7.14 4.59 2790 6.17 51.90 0.051
28 121  4.04 2.17 4236 5.05 45.18 0.034 72 1.07 36.82 11.45 22.21 8.36 20.09 0.038
29 1.69 536 14.70 35.08 11.43 31.73 0.024 73 1.15  12.30 24.78 23.90 16.25 21.62 0.035
30 0.06 031 0.00 2475 1.52 73.35 0.673 74 136 10.96 15.09 47.62 9.02 15.95 0.048
31 046  6.55 6.10 72.65 5.69 8.56 0.089 75 1.14  12.08 14.89 37.56 13.07  21.26 0.036
32 0.61 497 1.69 32.15 3.34 57.24 0.066 76 1.18 26.71 13.75 25.07 11.23 22.06 0.034
33 0.60 7.00 4.16 31.86 5.73 50.65 0.068 77 1.00 19.80 10.93 39.15 10.44 18.68 0.041
34 1.03 125 0.32 22.67 7.84 66.88 0.051 78 438 1.23 0.40 64.78 10.55 18.66 0.041
35 059 513 3.12 19.95 4.68 66.52 0.069 79 225  6.68 5.76 47.36 7.00 30.95 0.061
36 0.71  5.87 6.80 33.04 7.31 46.28 0.057 80 1.91 1.13 0.28 27.59 3.98 65.11 0.070
37 384 1.54 0.45 42.09 9.73 42.35 0.036 81 0.89 7.02 4.58 77.85 4.92 4.75 0.160
38 2.09 440 1.90 16.85 4.13 70.64 0.091 82 1.23 14.70 17.99 2546 17.59  23.03 0.033
39 1.37  8.06 7.62 60.46 6.39 16.09 0.047 83 047 1501 8.03 62.31 543 8.75 0.087
40 1.48 3030 5.34 39.31 5.06 18.52 0.041 84 135 13.65 17.09 2792 14.74 2525 0.030
41 025 922 4.22 79.14 3.53 3.04 0.209 85 141 14.19 14.77 29.09 1422 26.32 0.029
42 1.72  9.86 9.71 35.65 10.81 32.25 0.024 86 138 1234 17.47 28.55 14.43 25.82 0.029
43 0.64 17.60 4.45 62.90 5.24 9.18 0.083 87 1.54 13.12 12.59 31.97 11.85 28.92 0.026
44 0.86 13.19 5.42 67.81 4.62 8.09 0.094 88 1.80  3.11 3.38 37.23 3.97 50.51 0.023
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(2) 8022 YT 3t 3l b 2 /K A 5% ot it AR 34, LA
M 2K 3, BV LK b s, Eaiis
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