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Spatial-temporal differentiation of water quality under different water level conditions of Hanfeng and Gaoyang Lakes in Three
Gorges Reservoir. LIU Shuang-shuang'>**, YUAN Xing-zhong'**, WANG Xiao-feng*’, ZHOU Li-lei"*** (1.School of Architectural
and Urban Planning, Chongqing University, Chongging 400030, China; 2.Key Laboratory of New Technology for Construction of Cities in
Mountain Area, Chongqing University, Chongging 400030, China; 3.Key Laboratory of the Three Gorges Reservoir Region's
Eco-Environment, Ministry of Education, Chongging University, Chongqing 400030, China; 4.Chongging Key Laboratory of Earth Surface
Processes and Environmental Remote Sensing in Three Gorges Reservoir Area, Chongging 401331, China; School of Geography and
Tourism, Chongging Normal University, Chongqing 401331, China). China Environmental Science, 2020,40(11): 4965~4973

Abstract: In order to understand the interactions between different water level conditions and water quality of Pengxi river , provide
scientific supports for rivers ecological management of the Three Gorges Reservoir, we conducted a study to determine the spatial
and temporal differentiation of water quality in Hanfeng and Gaoyang Lakes. We arranged 14 sampling sites in these two lakes and
measured 10 water quality parameters once amonth from December 2018 to Octorber 2019 at these sites. Single pollution index
results suggest that the water quality grade of Hanfeng and Gaoyang lakes were Class III of the National Surface Water Standard in
most months. As phytoplankton blooms occured, heavy rainfall made runoff increases, the water quality grade reached ClassIVand V
in spring and summer.Using the Discriminant Analysis(DA) and Analysis of Variance(ANOVA), water quality showed spatial and
temporal differentiation pattern, SD, DO, EC, pH, T, depth, TOC, TN and NH;-N were the indicative factors describing the
significantly spatial-temporal difference in water environment. Using the Principal Component Analysis (PCA), pollution
classification factors of water environment are TN, NH;-N, depth and pH in flow period. Otherwise, TN, TP, EC were pollution
classification factors in wet period and depth, EC, TOC, TP, TN, NH;3-N were pollution classification factors in dry period. In
temporal terms, the order of pollution was storage period > falling stage > discharge period in Hanfeng Lake and discharge period >
falling stage > storage period in Gaoyang Lake; the spatial pollution situation was HF3<HF 1<HF2<HF4<HF5<HF8<HF7<HF®6;
GY2<GY3<GY1<GY5<GY6<GY4.

Key words: Hanfeng Lake; Gaoyang Lake; water quality; discriminant analysis(DA); principal component analysis (PCA);

spatial-temporal disparity
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T3 2R a5 K F A o3 i UM AT s 8] 2 v
(R 7K B s 75 A AN [ 23 1) 2 531) 73 e B 1) R 7K
B0 SR g5 T 3 H 3 gy o0 B 7 vk — R i
AN [ 2 1) 248 1) AN [i] B S50 5 Wi 980 J2 7K JBE I 4% 43
B E N 2. BT 39 7E IBM SPSS Statisticts24.0,
Canoco for Windows 5.0 il Microsoft Office Excel
2010 153

2 ZR5WE

2.1 HRRETKTVHN 4

2 [ (ML K A T AR E )(GB3838-2002),
X 2018 4 11 H~2019 4 10 H AR & BH I 2 A
WPEZ H I pH {H,DO, TP, TN Al NH;-N $ 43t
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e BE I E B K 1,428 H 4, DO MR P4, 10 H BRI,
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Table 1 Physical and chemical properties of Hanfeng and Gaoyang Lake
P fiEbr 11 A 12 7 1/ 3/ 45 51 6 H 7H 8 H 9 H 10 A
pH 1H 7.86 7.65 7.78 8.11 8.03 8.21 9.10 8.58 9.34 8.23 7.57
DO 7.67 7.26 9.32 11.02 7.44 9.41 16.32 13.17 15.80 12.99 8.38
PEW TP 0.07 0.04 0.07 0.15 0.10 0.09 0.06 0.06 0.04 0.05 0.06
TN 1.09 1.11 1.25 2.27 2.33 1.27 0.73 2.51 0.75 1.62 1.53
NH;-N 0.17 0.05 0.12 0.56 0.33 0.19 0.01 0.05 0.03 0.06 0.07
pH 1H 8.03 7.63 8.41 8.20 8.50 8.90 9.07 8.35 9.38 8.16 7.51
DO 5.33 6.42 9.24 10.58 8.27 13.26 18.08 11.41 16.77 7.29 4.79
1 [H 781 TP 0.05 0.03 0.05 0.05 0.04 0.06 0.06 0.08 0.04 0.02 0.04
N 1.27 1.30 1.17 1.24 1.42 1.13 0.65 2.34 0.50 1.52 1.53
NH;-N 0.112 0.022 0.009 0.017 0.129 0.044 0.021 0.083 0.001 0.016 0.004
#2 ZEREHSFFKITRE *4 TEREHRNFHESLEEHFRE
Table 2 Eigenvalue, Wilks' Lambda, Chi—square, test of Table 4 Classification function coefficients of spatlal DA
spatlal DA o
sz |1 . v &%
i e VW rme pmm wun : 2
AR ME SD ~252.942 ~379.484
1 71.931 0.993 0.014 32.171 9 0 DO 432718 380.177
EC -5.432 -5.564
£3 SZHsERE pH 1 4.15x10° 4.03x10°
Table 3  Structure matrix r 10.404 45.766
7KiF (depth) ~7.086 -0.637
£ HI AL TOC 282.236 299.547
KR (depth) ~0.361 ™ 230.728 ~101.847
NHs™N 0193 NH;-N 1.95x10° 1.87x10°
T -0.18 X X
TP* 0121 (Constant) —2.08x10 -1.95x10
N 0.089 1 Fisher'sZ P 43 e 4L
pH 1 -0.075
Toc 0036 2.2 KFREEEH T 525 1k
EC 0.043
DO 0.037 KH Wilks'Z H550 53 B2, 5 2 AR BCE 35 R0 v BH
Ve m R A b 12 1) J 2 M 2 S (R K Bt bRk AT 20 i 49 B Gt
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Fig.2 Annum mean value variations of spatial significant different factors
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Table 5 Identification of main influence factors of water environmental quality of Lakes

. T 0y K 3 S A E sy
A F A
F1 F2 F1 F2 F3 F1 F2 F3
SD 0.075 -0.944 -0.095 -0.646 0.680 0.920 -0.148 -0.101
DO 0.897 -0.143 0.697 0.593 -0.251 -0.810 0.389 -0.380
EC -0.168 -0.846 0.182 -0.685 -0.604 0.537 0.778 -0.149
pH {H 0.917 0.227 0.837 0.265 -0.020 0.471 0.786 -0.296
T 0.597 0.440 0.599 0.540 0.066 0.971 0.057 0.019
7K (depth) 0.854 0.384 0.611 0.293 0.463 0.991 0.046 0.017
TOC -0.336 0.759 -0.485 0.468 0.275 -0.922 0.295 0.094
N -0.979 0.126 -0.730 0.447 -0.084 0.305 0.455 0.820
NH;-N -0.961 0.000 -0.453 0.324 -0.504 -0.829 0.109 -0.003
TP -0.892 0.409 -0.723 0.518 0.156 -0.732 0.292 0.270
LERIRIES 5.554 2.781 3.456 2478 1.470 6.105 1.793 1.020
J7 ZETTHRA (%) 55.543 27.810 34.561 24.782 14.705 61.046 17.935 10.203
ZHTTER (%) 55.543 83.353 34.561 59.344 74.048 61.046 78.981 89.184
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HF1 > GY6 &/K¥(ZFs):HF5 > GY2 > GY3 > HF2 >

HF7 > HF8 > HF6 > HF4 > GY1 > HF1 > GY4 >
GY5>GY6 > HF3.

7K 52 52 i o RN SISV 305 i, L
FRART AT 1 7K 5 5 22, 0 Je M DR M IR 2, 1 B, S U
% 2 A AYURITA +Co DR A B P YT 9] 11 % Sk 3 YT 3] 1] B
U 3 9 301 R0 M K 39 R A, D02 W0 52 1 G R 1 AT
X, S U % 5 LIl o DX e 7 L, UK AR ]
NP S A R P NS SS R P M S )
DR M DX 3 g B % BT 4 vy I A A R LG Y 2
(e BHASS 5 ) DX 7K o e 22 5 FL A~ X B R B 2R
LA GYTOHIEZE B 1), GY3(HI ZE A0 ),GY 4
(75 BB ZE), G Y S (B H LR ), G Y 6 (31 2 N 111)
IK i it (B 4).

1R R DN M e 5 N - S R
DXV 3E, FT LA K TR G 1138 DX BT i K 2



1134

AU AN KA YT A ve FH )L 7K 2 7 S Ak

4971

LS S o PO N it Rl W s L R a1 4
fiff, L JE R T D2 9 D556 i, 90 9 30— bt K, 7K
05 R % R P 0 BB A KA, S T
DR R KA KT 22 i B GY2 b AE v B
T T KA, K B ) 4 A 5~ X A 2200, i
B IR AR 5 A0 M SR, SR Y AR iR B, AR N T
IR AR MY THT 595 YA 7 2, BT LA K T g 2

2018 AEPLAWIH KK 170.28m,
A FLOE T SC b 3T PN, ) N ST Bl s e
=B KK B ) 4 B o0 A ML 57 R 1 B
iR e 178 55, KRR 22 5 2 i e g R A L,

a THIEW

F 7155y
E b L A2 o - v ow s
— —

E/KMAHF1-4 EEZ 3 F R, KRR S
e, O JE N 20 B3 R AN Y HF 6 2R
T X, E A2 1 B, % X Az
WE 2 A AR Vg V5 K A BRI 52 L K 5 v g
FLHF6-8 825 2 o L, & 7K /KA A2
TERIARAT N K AL K GG 2 ) 2 S P AN [R] A
2015 A, DCFWIFEAR S I ARTANIAT 11 DX A 0 e e, IRk
ST IVET 510 X e YRR XK S R 2 AHE L
S BEE U IR R R, AR TATIRT 1 SO 2 2 LR 1
TS B DX IR T R I KO0 280 A, S T 2% A X
Eb R TRTIAT 1 A A RO 48 2 [ X 3K o 22

N5

—&— /Ff —®@—7Fd ——ZFs

R L

B4 ZEAN RN 0 3 o493 X Tl

Fig.4 Comparisons of principal component scores between different seasons inHanfeng and Gaoyang Lakes
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