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Fig.1 Location of sampling sites in Shahu Lake
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Fig.2 Temporal and spatial variation of Chl-a
content in Shahu Lake
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Tab.1 Annual average Chl-a content for each sampling

site and for the entire lake

A RAE i ap R Al /pg - L

Zh 2015 4 2016 4F 2017 4
1 16.67+13.21 14.0749.34 17.70410.85
II 17.28+13.64 14.2449.05 16.40+10.16
Il 17.67414.00 18.10413.46 22.10414.09
v 16.8311.51 16.26+11.67 20.204+12.77
V 15.20+11.54 14.83410.44 18.3010.95
42 16.73411.43 15.50+9.82 18.94+10.73
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Tab.2 Relationship of Chl-a content with

environmental factors

Heb I : :

I Il 1 I\l V
pH 0.176 0.070 0.014 —0.248 -0.069
SD -0.571 —-0.656" -0.462 —-0.519 —-0.498
DO 0.440 0.540 0.173 0.263 0.097
CODw, 0.455 0.469 0.419 0.468 0.601"
COD¢r  0.6217 0.540 0.664* 0.699" 0.686"
NH;-N 0.316 0.457 0.386 0.378 0.269
TN 0.421 0.375 0.368 0.386 0.381
TP 0.599 " 0.700* 0.683" 0.562 0.487
BODs 0.708* 0.704* 0.563 0.723** 0.602"

Wt R B E ML (P <0.05),

TR R R E MO

(P<<0.01),

Note: *indicates a significant correlation(P<C0.05), ** indi-
cates a highly significant correlation(P<C0.01).
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Tab.3 Stepwise multiple regression equation between Chl-a and environmental factors for each sampling site

R B Il 14 75 i R F P
1 Chl-a= 4.817+6.824 BODs; —0.356SD 0.824 9.511 0.006
I Chl-a=-17.487+5.987 BODs +131.959TP 0.877 15.036 0.001
Il Chl-a=-139.658+150.923TP+1.848COD¢, +5.861BOD; —4.902DO 0.977 36.217 0.000
v Chl-a=-43.591+4.175 BOD; +1.323COD¢, +97.711TP 0.936 18.791 0.001
\ Chl-a=-40.098+1.298 CODC,+116.186 TP+3.706 BODs 0.907 12.385 0.002

4 SEENZFRaNMTERFHEAFE
Tab.4 Stepwise multiple regression equation between Chl-a and environmental factors for each year
Eh A U5 AR R F P
2015 Chl-a=21.245+16.628 TN - 0.656SD 0.975 166.954 0.000
2016 Chl-a=-0.367+54.415NH3-N - 0.362SD+1.967BODs 0.956 56.863 0.000
2017 Chl-a=19.5534+330.567TP - 78.704NH;-N 0.912 42.033 0.000
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Tab.5 Stepwise multiple regression of Chl-a with environmental factors in each season for the entire lake
FH B EA T R R F p
& Chlra =11.747+47.567 NH3-N - 0.149COD¢,~ 0.069SD 0.780 5.681 0.013
-] Chl-a =-27.384+41.845COD¢;, 0.864 38.412 0.000
Tk Chl-a =6.195+2.663 BOD; 0.530 5.088 0.042
ES Chl-a =-8.339+4.915 BODs - 100.125TP+10.397TN 0.766 12.014 0.001
4] Chl-a=-23.844+1.244COD¢, +136.971TP+4.757BOD; ~1.965D0 — 1.122CODw, 0.766 12.014 0.000
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Tab.6 Path coefficient of changes in environment factors affecting Chl-a in Shahu Lake

CEE EEE P, ry P
>riP; CODe, TP BOD; DO CODw,
CODq, 0.486 0.147 0.131 0.131 —0.046 -0.069
TP 0.536 0.080 0.119 = 0.105 -0.052 -0.092
Chl-a BOD; 0.463 0.148 0.137 0.121 - -0.050 -0.059
DO -0.146 0.452 0.154 0.191 0.162 — -0.050
CODwmn -0.159 0.640 0.209 0.309 0.173 -0.050 -

x7 DHRERFEUNHERE a FMHYRERE(4;)
Tab.7 Determination coefficient of the change in environment

factors affecting Chl-a in Shahu Lake

Eisx CODe¢, TP BODs DO CODwm,
CODe¢, 0.236 0.128 0.127 —0.045 —-0.067
TP 0.128 0.287 0.112 —-0.056 -0.098
BODs 0.127 0.112 0.214 —0.047 -0.055
DO -0.045 -0.056 -0.047 0.021 0.016
CODwmy -0.067 -0.098 -0.055 0.016 0.025
dij 0.379 0.373 0.351 -0.111 -0.179
3 it
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Spatial-temporal Distribution of Chlorophyll-a and Its Relationship

with Environmental Factors in Shahu Lake
YANG Zi-chao', LI Yan-lin', QIU Xiao-cong®, LI Shi-long', ZHENG Can'

(1.School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021,P.R.China;
2.School of Life Science, Ningxia University, Yinchuan 750021,P.R.China)

Abstract: Eutrophication of water bodies is a global problem and concern has been increasing at home and
abroad. Chlorophyll-a (Chl-a) concentration is the primary means of evaluating the eutrophic status of
lakes. Shahu Lake is the largest natural brackish lake in Ningxia Hui Autonomous Region. In this study,
the spatial and temporal distribution of chlorophyll-a (Chl-a) and its relationship with the primary environ-
mental parameters in Shahu Lake were analyzed. The objectives were to explore the eutrophication mecha-
nism of Shahu Lake and provide a theoretical basis for improving lake water quality. Data on Chl-a and wa-
ter quality parameters was obtained from samples collected at five sampling sites of Shahu Lake in Januar-
y» April, July and October of 2015 —2017. Correlation analysis was used to study the relationship between
Chl-a concentration and water quality parameters. Stepwise multiple regression and path analysis were used
to study the spatiotemporal changes in Chl-a concentration. Seasonal differences in Chl-a concentration
were significant, with the highest levels in summer and lower levels during winter and spring. The maxi-
mum value occurred in July, 2017 and the minimum value occurred in April, 2015. The highest average
annual Chl-a concentration (18.94 pg/L) was in 2017. The spatial distribution of Chl-a also varied signifi-
cantly. Correlation analysis shows that total phosphorus (TP), chemical oxygen demand (COD,), 5-day
biochemical oxygen demand (BOD;) and Secchi depth transparency (SD) were the environmental factors
most associated with Chl-a concentration in Shahu Lake. Stepwise multiple regression shows that the effect
of environmental factors on Chl-a concentration varied with season and sampling site. Organic pollutants
(COD¢,) and nutrients (TN, TP) were the main influencing factors. Path analysis shows that COD¢, and
TP were the two most important environmental factors affecting the spatial-temporal distribution of Chl-a
concentration, with correlation coefficients of 0.379 and 0.373, respectively. Among all of the environmen-
tal factors, TP had the largest effect on the spatiotemporal distribution of Chl-a.

Key words: Shahu Lake; chlorophyll-a; environmental factors; stepwise multiple regression; path analysis



