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Abstract. Lake Hongze is an important storage lake for the eastern route of the South-to-North Water Diversion Project. To assess
the long-term changes in water quality, 16 monitoring sites were deployed based on environmental heterogeneity. Monthly water
quality monitoring was carried out from 2012 to 2018 to examine the long-term trend of the water quality of Lake Hongze and the
effects of hydrometeorological factors on the changes in nutrients. The results showed that from 2012 to 2018, the average annual

concentrations of total nitrogen, total phosphorus, and transparency in Lake Hongze were 1.74 mg/L ( Grade V), 0.081 mg/L
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(Grade 1V) , and 0.48 m, respectively, without significant decline trend. In contrast, the average annual concentrations of per-
manganate index and chlorophyll-a were 4.13 and 0.008 mg/L, respectively, presenting a significant decrease trend. In terms of
spatial patterns, the concentration of total nitrogen and total phosphorus in the flushing area was higher than that of Chengzi Bay
and Lihewa Bay; while the permanganate index and chlorophyll-a concentration were relatively lower. The concentration of perman-
ganate index in Chengzi Bay and Lihewa Bay decreased significantly, which was significantly different from the water quality change
trend of the flushing area. The concentration of chlorophyll-a in all three regions of the lake decreased significantly. The results of
correlation analysis showed that the total nitrogen and total phosphorus in Lake Hongze strongly correlated with the water quality of
the Huaihe River, especially in the flushing area. The correlation between the water quality of Lihewa Bay and the water quality of
Huaihe River is quite weak. The generalized additive model (GAM) showed that the water quality and suspended solids concentra-
tion of the flushing area was significantly correlated to the change of water quality in Huaihe River, and the factors influencing the
water quality of Chengzi Bay and Lihewa Bay varied greatly. The relationships between chlorophyll-a and permanganate index in
Chengzi Bay and flushing area were relatively strong, while the concentration of chlorophyll-a in Lihewa Bay was significantly relat-
ed to precipitation and transparency. The correlation and GAM model indicated that the Huaihe River imposed profound effects on
the water quality of Lake Hongze, especially in the flushing area, which may be an important driver in maintaining a higher nutrient
level and spatial differentiation of water quality in Lake Hongze. The decreasing trend of chlorophyll-a concentration in different re-
gions indicated that the trophic status of Lake Hongze has decreased. Routine monitoring, pollutants reduction, aquaculture control
should be implemented to ensure the safety of water quality in Lake Hongze.

Keywords: Shallow lake; Huaihe River Basin; eutrophication; trend analysis; Lake Hongze
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Fig.1 Distribution of sampling sites in Lake Hongze
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Fig.2 Monthly changes in hydrometeorological factors in Lake Hongze from 2012 to 2018
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Tab.1 Annual averages of water quality parameters in Lake Hongze from 2012 to 2018

\ ) I/ TN/ TP/ Chl.a/
R SD/m (me/L) (mg/L) (mg/L) (mg/1L)
2012 0.39+0.12 4.42+0.33 1.97+0.71 0.09+0.03 0.010+0.006
2013 0.51+£0.29 4.41+0.63 1.67+0.44 0.08+0.02 0.013+0.004
2014 0.59+0.35 4.32+0.52 1.63+£0.24 0.08+0.03 0.006+0.003
2015 0.41+0.35 4.15+0.42 1.35+0.23 0.08+0.02 0.009+0.005
2016 0.40+0.23 3.95+0.33 1.88+0.53 0.07+0.02 0.005+0.003
2017 0.58+0.25 3.87+0.39 1.80+0.60 0.07+£0.03 0.004+0.002
2018 0.48+0.23 3.77+0.33 1.89+0.46 0.09+0.03 0.005+0.003
HIE 0.48 4.13 1.74 0.08 0.008
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Fig.3 Monthly changes in water quality parameters in Lake Hongze from 2012 to 2018
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Tab.2 One-way ANOVA and multiple comparisons of water quality parameters in different regions of Lake Hongze
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K BT bR T L STPES AKX P
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TP/ (mg/L) 0.07+0.03" 0.08+0.04" 0.09+0.03* 0.004 **
Chl.a/(mg/L) 0.009:+0.01 0.009:+0.01 0.007+0.00 0.185
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Fig.4 Monthly changes in water quality parameters in different regions of Lake Hongze from 2012 to 2018
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Tab.3 Pearson correlation coefficient of water quality parameters between different regions

of Lake Hongze and Huaihe River

- 4 BT ESTIES FFIK X
i
AHIC R AL P AHIC R AL P AHIC R AL P HHICREL P
Ty, 0.114 0.301 -0.035 0.752 -0.152 0.168 0.380 <0.001 ***
TN 0.617 <0.001 *** 0.160 0.146 0.215 0.049 ** 0.757 <0.001 ***
TP 0.566 <0.001 *** 0.257 0.018 ** 0.233 0.033 ** 0.626 <0.001 ***

wak FNAE 0.001 Z531) i 3 AH .
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Tab.4 GAM fitting results of water quality parameters and hydrometeorological influencing factors

in different regions of Lake Hongze

X BRI R A i A H ZHZAME F P

BT SD H-TP 1.00 1.00 6.76 0.011*
TN Flow 1.87 1.98 4.55 0.019*

Chla T 1.00 1.00 13.54 0.000 ***
YA SD H-TP 1.00 1.00 6.90 0.010*
L WL 1.78 1.95 6.65 0.006 **
Chla Pre 1.73 1.93 3.12 0.033*
SD 1.00 1.00 5.34 0.023*

sk X SD TP 1.92 1.99 9.15 < 0.001 ***
WL 1.32 1.54 6.29 0.014*

I, H-Iy, 1.73 1.93 9.92 0.001 ***

TN Temp 1.00 11.00 13.51 < 0.001 ***
SPM 1.73 1.93 4.14 0.013*

H-TN 1.00 1.00 96.36 < 0.001 "

TP SPM 1.42 1.67 7.54 0.005 **

H-TP 1.00 1.00 63.52 < 0.001 ***
Chla T 1.88 1.99 4.34 0.013*
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