
Page 1/24

Characterizing variations of dissolved organic
matter (DOM) properties in Nansi Lake: an
important reservoir along the eastern route of
China’s South-to-North Water Diversion Project
Haoyu Ren 

Liaocheng University
Xin Yao  (  yaoxin@lcu.edu.cn )

Liaocheng University
Feiyang Ma 

Liaocheng University
Tuantuan Fan 

Liaocheng University
Huanguang Deng 

Liaocheng University
Yinghao Zhang 

Liaocheng University

Research Article

Keywords: Nansi Lake, Dissolved organic matter (DOM), EEM, PARAFAC, variation

Posted Date: February 22nd, 2021

DOI: https://doi.org/10.21203/rs.3.rs-157054/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-157054/v1
mailto:yaoxin@lcu.edu.cn
https://doi.org/10.21203/rs.3.rs-157054/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/24

Abstract
Variations in dissolved organic matter (DOM) quality has far-reaching implications that affect, e.g.,
aquatic productivity, food web structures, trace element and pollutant transport. In this study, a total of
186 water samples were collected at 62 sites (three points in time within one year) in Nansi Lake. UV-Vis
spectra, Synchronous �uorescence (SF) spectra, the excitation-emission matrix and parallel factor
analysis (EEM-PARAFAC) were applied to indicate the source and quality of DOM. Water transferring of
the eastern route of China’s South-to-North Water Diversion Project had a great in�uence on the water
level of Nansi Lake. Results of SF spectra, EEM-PARAFAC and principal component analysis (PCA)
suggested that protein-like substances played a more important role in DOM properties in April and July
than October. This result is related to a high �uorescence intensity occurred in April (Fmax=0.72±0.03 in
the upper lake and 1.84±0.13 in the lower lake) and July (Fmax=1.10±0.05 in the upper lake and
1.49±0.04 in the lower lake), which might be caused by water transferring from other lakes to Nansi Lake,
death and decomposition of submerged plants. At the same time, relatively good correlations were found
between humic-like substances, DOC and a254 in April, July and October, which indicated the important
contribution of humic-like substances to Nansi Lake. With the completion of the water diversion, the ratio
of the �uorescence intensity of component to the total �uorescence intensity (%Fmax) suggested that the
proportion of humic-like substances started to increase. And when it came to October, humic-like
substances become the main substance in DOM collected from Nansi Lake (%Fmax=66.56%±0.58% in
the upper lake and 61.98%±0.99% in the lower lake). Moreover, among the two areas in Nansi Lake, the
upper lake always had a higher degree of humi�cation (HIX=2.23±0.06, 2.38±0.11 and 3.10±0.05 in April,
July and October, respectively) than the lower lake (HIX=1.06±0.05, 1.68±0.05 and 2.62±0.08 in April, July
and October, respectively), which implied extraneous contaminants might have a more important impact
on DOM properties in the upper lake.

1. Introduction
Organic matter, especially the dissolved organic matter (DOM), is ubiquitous in natural aquatic systems.
Sources of DOM are intricate, which can be mainly generated under in�uences of terrestrial and
anthropogenic substances as well as impacts of autochthonous creatures (Chen and Jaffe, 2014; Carr et
al., 2019; Tank et al., 2010). DOM is considered as a medium to further explore the destiny of estrogen,
heavy metal, greenhouse gas and so on (Bai et al., 2020; Hur and Lee, 2011; Zhou et al., 2018; Zhou et al.,
2019). As a result of heterogeneity and activation of DOM, however, relevant research results are
inconsistent even opposite (Xu et al., 2019).

As the starting point of relevant studies, DOM properties have always been the focus of attention (Andrew
et al., 2013; Yao et al., 2015). And with the rapid development of economy, lakes play a crucial role in
electricity, agriculture, industry and other �elds. Dam building and wide scale of water transferring is the
most common way to adapt lakes to human needs. Nevertheless, reconstruction of lakes had affected
the natural properties and distributions of biological communities, nutrient and heavy metals
(Cheimonopoulou et al., 2011; Guo et al., 2020b; Maavara et al., 2020, Zhuang et al., 2019). In this
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context, affected on DOM quality by reconstruction of lakes should be deserved more attention, which
could bring far-reaching implications to aquatic productivity, food web structures, trace element and
pollutant transport, e.g. (Zhang et al., 2021).

China’s South-to-North Water Diversion Project (SNWDP) is a representative project that transferring water
with a maximum-scale, which aimed to relieve uneven distributions of freshwater resources which were
common in China (Guo et al., 2020a). This huge project was designed as three lines that divert water
from different directions to north China. Among the three lines, the eastern route of SNWDP convey water
from Yangtze River to Tianjin and Qingdao, along the way, which passed many cities with advanced
industry and agriculture (Zhang et al., 2020). The eastern route of SNWDP is a key to ensure the health of
millions of people and the functioning of cities in north China. Relevant studies are necessary to
investigate how DOM properties change under the in�uence of large-scale water transferred.

As the largest lake along the eastern route of the SNWTP, Nansi Lake is responsible for water conveyance
as well as water storage (Zhang et al., 2020). Water �ows naturally from north to south, while the
transferring of water beginning, the direction of water �owing changed from south to north. Furthermore,
compared with other lakes that along the line of this project, Nansi Lake is peculiar that a dam was built
in 1975, which might complicate the ecological environment of Nansi Lake.

In this case, we selected Nansi Lake as the research object in this study. Combining with UV-Vis spectra,
Synchronous �uorescence (SF) spectra, the excitation-mission matrix and parallel factor analysis (EEM-
PARAFAC model) and o�cial information issued by the Government of the People's Republic of China, we
expect to conduct a comprehensive and in-depth study on DOM properties in complex aquatic
environments. And primary purposes in this work are following: (1) to better understand the hydrological
effect of the eastern route of the SNWTP on Nansi Lake (2) to investigate DOM properties on a spatial
and time scale (3) to debate possible reasons for consequences in this work.

2. Materials And Methods

2.1 Samples and DOM extraction
A total of 186 water samples were collected at 62 sites in April, July and October 2019, respectively.
Because Nansi Lake was divided into the upper lake and the lower lake by the dam, 21 sites set in the
upper lake, while 41 sites set in the lower lake (Fig. 1). Samples were �ltered with Whatman GF/F �lters
before measured dissolved organic carbon (DOC) by using a TOC-Vcph analyzer (Japan, Shimadzu), and
stored in the dark at 4 °C for subsequent determination.

2.2 Spectral measurements
A UV–Vis spectrophotometer (Shimadzu, UV-2550) was applied to measure UV–Vis absorption spectra
from 200 to 800 nm with intervals at 1 nm, Absorption coe�cient at 254 nm (a254) was considered as a
surrogate for the concentration of DOM (Shin et al., 2016; Liu et al., 2020). And SUVA was the ratio of a254
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to DOC. A Hitachi F-7000 �uorescence spectrometer (Hitachi High Technologies, Tokyo, Japan) was used
to measure Synchronous �uorescence (SF) spectra and EEM spectra. The Ex wavelength options are
from 200 nm to 450 nm with a constant offset (60 nm) for SF spectra. And the scanning excitation (Ex)
and emission (Em) for EEMs were set from 200 nm to 450 nm and 250 to 600 nm, respectively (Bai et al.,
2017).

2.3 PARAFAC modelling
PARAFAC modelling in this study was used to quantitative analyse the �uorescence intensity and content
of different substances. It can be conducted by drEEM toolbox of MATLAB (R2018b). And details about
PARAFAC modelling can be inquired elsewhere (Shi et al., 2019; Yamashita and Jaffé, 2008).
Fluorescence indices (FI, BIX and HIX) were obtained based on results of EEM-PARAFAC modelling. And
more details about �uorescence indices can be found elsewhere (Huguet et al., 2009).

2.4 Disclosure of o�cial information and classi�cation of
land use
Hydrological information was obtained from Ministry of Water Resources of the People's Republic of
China and the Huaihe River Commission of the Ministry of Water Resources, P.R.C, which can be found
from the websites www.mwr.gov.cn and www.hrc.gov.cn. And Landsat TM images for 2018 found from
the website www.gscloud.cn were used to classify land use types. In this study, there were �ve types:
water (17%), woodland (9%), cropland (33%), bareland (17%) and urban construction land (24%). Both
cropland and urban construction land are classi�ed as anthropogenic land use.

2.5 Software
Matlab R2018b, Origin 2018, Arcmap 10.6, R Studio 1.3.959 software and IBM SPSS Statistics 23 were
applied for this study.

3 Results

3.1 Hydrological changes of Nansi Lake
As a typical temperate monsoon climate zone in the northern hemisphere, the basin in which Nansi Lake
located, always has a major precipitation in summer (Fig. 2). Rainfall of this basin in July 2019 was
93.9 mm, which was signi�cantly higher than that in April (53.1 mm) and October (37.8 mm) of the same
year. In general, precipitation could enhance the pondage of lakes. Nevertheless, the impoundage of
Nansi Lake was 16.22×108 m3 in April (9.16×108 m3 for the upper lake and 7.06×108 m3 for the lower
lake), 6.14×108 m3 in July (3.00×108 m3 for the upper lake and 3.14×108 m3 for the lower lake),
11.03×108 m3 in October (5.60×108 m3 for the upper lake and 5.43×108 m3 for the lower lake),
respectively(Fig. 2). Water storage was lowest in the wettest month, which indicated that the impoundage
of Nansi Lake might be controlled by other factors.

http://www.mwr.gov.cn/
http://www.mwr.gov.cn/
http://www.mwr.gov.cn/
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According to the information announced by Ministry of Water Resources of the People's Republic of
China, we found that the eastern route of the China’s South-to-North Water Diversion Project (SNWDP)
played a key role in changes of the impoundage in Nansi Lake. The annual water transfer mission from
2018 to 2019 of Nansi Lake began in December 2018 and ended in June 2019. The amount of water
transferred to Nansi Lake was 8.44×108 m3, while the amount of water transferred out of Nansi Lake was
6.70×108 m3. There is no doubt that such a large amount of water diversion could make a distinct impact
on the aquatic environment of Nansi Lake.

3.2 Abundance of DOM in Nansi Lake
The value of DOC and a254 could partly characterise the concentration of DOM. Our results suggested
that the spatial distribution both of DOC and a254 have a decided change under the different hydrological
condition. Most of the high values of DOC and a254 appeared on the upper lake in April (Fig. 3a, d and

Table 1). The average value of DOC and a254 in the upper lake was 6.60 ± 0.29 mg L− 1 and 22.32 ± 0.75,

while mean values of the two indices in the lower lake were 5.81 ± 0.22 mg L− 1 and 17.92 ± 0.29.
However, compared with the spatial distribution in April, some obvious differences occurred in July and
October. There were some high values of DOC and a254 were found in the lower lake (Fig. 3b, c, e and f).

Especially in July, the average value of DOC and a254 in the lower lake was 6.04 ± 0.15 mg L− 1 and 30.63 
± 0.90, which had exceeded that in the upper lake. This result indicated that the concentration of DOM in
Nansi Lake had a decided spatial variability under the in�uence of hydrological changes. And the spatial
distribution of SUVA changed over time, which suggested aromaticity of DOM also altered obviously
(Fig. 3g-i).
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Table 1
spectral parameters of DOM collected from the upper lake and lower lake of Nansi Lake derived from

UV–Vis and �uorescent spectroscopy.
area time DOC a254 HIX Fmax

(humic-
like)

%Fmax

(humic-
like)

Fmax

(protein-
like)

%Fmax

(protein-
like)

The upper
lake

April 6.60 ± 
0.29

22.32 ± 
0.75

2.23 ± 
0.06

0.89 ± 
0.03

55.61%
±1.23%

0.72 ± 
0.03

44.39%
±1.23%

July 5.86 ± 
0.13

29.63 ± 
0.86

2.38 ± 
0.11

1.47 ± 
0.03

57.47%
±1.27%

1.10 ± 
0.05

42.53%
±1.27%

October 6.08 ± 
0.10

29.58 ± 
0.59

3.10 ± 
0.05

1.61 ± 
0.03

66.56%
±0.58%

0.80 ± 
0.01

33.44%
±0.58%

The lower
lake

April 5.81 ± 
0.22

17.92 ± 
0.29

1.06 ± 
0.05

0.70 ± 
0.02

29.98%
±1.56%

1.84 ± 
0.13

70.02%
±1.56%

July 6.04 ± 
0.15

30.63 ± 
0.90

1.68 ± 
0.05

1.45 ± 
0.03

49.34%
±0.86%

1.49 ± 
0.04

50.66%
±0.86%

October 5.79 ± 
0.18

26.79 ± 
0.88

2.62 ± 
0.08

1.53 ± 
0.04

61.98%
±0.99%

0.94 ± 
0.03

28.02%
±0.99%

3.3 Variations of DOM �uorescence
As shown in Fig. 4, results of Synchronous �uorescence (SF) spectra suggested that �uorescence
intensity of different substances was discrepant in Nansi Lake in April, July and October. For the upper
lake, the weak �uorescence intensity of humic-like substances was found in April rather than July and
October, while weak �uorescence intensity of protein-like substances occurred in October instead of April
and July (Fig. 4a and b). A similar phenomenon was also found in the lower lake (Fig. 4c and d).

A total of four visible �uorescence peaks were found in EEM spectra (Fig. 5). Peak T and peak D are
located in Ex/Em: 320/280 nm and 320/220 nm, which might be related to the existence of protein-like
substances, respectively. Peak A (Ex/Em: 410/240 nm) and peak C (Ex/Em: 450/350 nm) could be
ascribed to humic-like substances. There were some regularly changes of EEM results in Nansi Lake from
April to October.

As shown in Fig. 5a and d, peak A in DOM collected from the upper lake seems to have a more stronger
�uorescence intensity compared with other peaks, which implying that fulvic- and humic-like substances
might have an important effect on the DOM property in April for the upper lake. Fluorescence intensity of
peak A was still pretty obvious in the lower lake, but stronger �uorescence intensity of peak T and peak D
was found compared with the upper lake (Fig. 5g and j). This result indicated that DOM property in the
two areas might have some signi�cant differences in April. Fluorescence intensity of peak A, T and D in
both the two areas in Nansi Lake was signi�cantly enhanced in July(Fig. 5b, e, h and k). When it came to
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October, �uorescence intensity of peak A was stronger than July, while �uorescence intensity of peak T
and D was weakened (Fig. 5c, f, i and l). Results of EEM spectra were similar to SF spectra.

To quanti�cat the difference of DOM in Nansi Lake under the different hydrological condition, a �ve-
component (C1-C5) PARAFAC model was identi�ed and inspected by split-half analysis (Fig. 6). C1-5 are
located in Ex/Em: 230/420 nm, Ex/Em: (270)320/450 nm, Ex/Em: (240)300/380 nm, Ex/Em: (< 
225)275/320 nm and Ex/Em: 230/340 nm, respectively. Positions of C1-3 are close to the position of
peak A and peak C in EEM spectra, which could be classi�ed to humic-like components. Meanwhile, C4
and C5 are mainly correspond to the existence of protein-like peak T and peak D in EEM spectra
(DeVilbiss et al., 2016; Yang et al., 2019; McIntyre and Guéguen, 2013; Santín et al., 2009; Yamashita and
Jaffe, 2008; de Zarruk et al., 2007; Tang et al., 2019; Yamashita et al., 2013). The result of EEM-PARAFAC
analysis indicated a complex material construction of DOM in Nansi Lake. And there is no doubt that the
property of DOM was mainly controlled by changes of those components.

According to the values of �uorescence intensity (Fmax) of different substances, visible differences were
found in the two areas of Nansi Lake (Fig. 7a-f and Table 1). Mean values of Fmax of humic-like
substances (C1-C3) in April, July and October were 0.89 ± 0.03, 1.47 ± 0.03, 1.61 ± 0.03 in the upper lake,
and 0.70 ± 0.02, 1.45 ± 0.03, 1.53 ± 0.04 for the lower lake, respectively. Fmax of humic-like substances
(C1-C3) in the upper lake was always higher than the lower lake. However, Fmax of protein-like substances
(C4 and C5) in the two areas was the opposite of humic-like substances. The lower lake always had
higher values of Fmax of protein-like substances in these three months. Principal component analysis
(PCA) analysis was applied to explain time variation of relative abundance of PARAFAC components
(%Fmax) in Nansi Lake (Fig. 8). There were two components in PCA analysis (PCA1 and PCA2), which
could explain 73.5% and 22.4% of the total variance, respectively. Compared with October, Nansi Lake
was more affected by protein-like components C4 and C5 in April and July. However, when it came to
October, Nansi Lake was mainly controlled by humic-like substances C1, C2 and C3 (Fig. 7g-l and Fig. 8).
PCA result indicated that the contribution of protein-like substances in April and July was higher than that
in October, which was consistent with EEM. But it should be noticed that the upper lake and lower lake are
affected by different substances to different degrees in April and July. All these results suggested that
material construction of DOM in Nansi Lake had some differences both in the time and spatial scale.

Fluorescence index (FI, BIX and HIX) was shown in Fig. 7m-u and Table 1, and the contribution of sources
to DOM in Nansi Lake had some distinct distinctions. Compared with changes of FI and BIX in the upper
lake and lower lake, variation of HIX was more obvious in the two areas of Nansi Lake. In April, the mean
value of HIX was 2.23 ± 0.06 for the upper lake and 1.06 ± 0.05 for the lower lake, which suggested that
the degree of humi�cation was signi�cantly higher than that in the lower lake (p < 0.01) when water was
diverted up to Nansi Lake from other lakes (Fig. 8a). Most of the water stored in Nansi Lake had been
transferred in July, and at this period, the mean value of HIX in the upper lake and the lower lake was
2.38 ± 0.11, 1.68 ± 0.05, respectively (Fig. 8b). When it came to October, mean value of this index had
become to 3.10 ± 0.05 in the upper lake and 2.62 ± 0.08 in the lower lake (Fig. 8c). Although mean values
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of HIX in the upper lake were always higher than the lower lake from April to October, it should be noticed
that the holistic degree of humi�cation in Nansi Lake was a rising trend. This result might be related to
changes in substance content.

3.4 Relevancy between components and indices of DOM
Correlation analysis was employed to �nd factors that generated the discrepant DOM property. As shown
in Fig. 9, signi�cant positive correlations were found between humic-like component C1, C2 and C3 (p < 
0.001), which indicated that the origin of humic-like substances in Nansi Lake might be analogical.
Relations between protein-like components C4 and C5 was not prominent, which suggested that sources
of protein-like substances in Nansi Lake might be different. However, signi�cant correlations were
observed between humic-like substances C2, C3 and protein-like component C4 (p < 0.001). And this
result indicated that different substances have a certain homology in Nansi Lake. The highly positive
correlation between HIX and humic-like substances (C1-C3) illustrated that the degree of humi�cation
was always linked to the abundance of humic-like substances (p < 0.001).

In addition, we found that linear relationship between PARAFAC components and DOM concentration had
some different in April, July and October. The linear relationships between PARAFAC components and
DOC, a254 were the most signi�cant in April (Fig. 10a and b). Among all the PARAFAC components,

humic-like component C2 had the best linear relationship with DOC (R2 = 0.35, p < 0.001) and a254 (R2 = 
0.78, p < 0.001), which suggested the concentration of DOM in April was mainly determined by humic-like
component C2. And the linear relationship between a254 and humic-like components C2 (R2 = 0.09, p < 

0.05), C3 (R2 = 0.11, p < 0.01) also indicated that humic-like substances and DOM concentration were
inseparable in July (Fig. 10b). When it came to October, visible positive correlations were found between
DOC and protein-like component C5 (R2 = 0.08, p < 0.05), a254 and humic-like component C2 (R2 = 0.05, p 
< 0.05). This result suggested that both humic- and protein-like substances were related to the DOM
concentration of Nansi Lake in October, which was diverse compared with April and July.

4 Discussion

4.1 Possible reasons for the spatial variation of DOM in
Nansi Lake
Just like most lakes and rivers with a dam, there are always some distinct differences between upstream
and downstream (Tombolini et al., 2014; Talukdar et al., 2020; Maavara et al., 2020). Our results
suggested that DOM properties in the two areas of Nansi Lake were discrepant. However, these results
were not solely attributable to the dam in Nansi Lake. And there are many reasons for differences in DOM
property.

Most of industrial areas as well as rivers that �owing into Nansi Lake are mainly distributed in the north
of the lake, which might bring a lot of pollutants (Lv et al., 2014; Zhuang et al., 2014). Based on the land



Page 9/24

use classi�ed in Nansi Lake watershed, we found that the proportion of hominine land use (%urban +
%cropland) exceeded that of other types. And basin of hominine land use could output humic-like
substances from rivers to lakes (Morling et al., 2017; Shi et al., 2019). High values of Fmax and %Fmax of
humic-like substances found in the upper lake in April, July and October might be relative to these
exogenetic contaminants. And the degree of humi�cation in the upper lake seems to prove it as well. As a
result of the uneven distribution of the main rivers and industrial areas, DOM characteristics in different
areas of Nansi Lake may still have some spatial differences even if the dam did not exist. However,
presence of the dam could impact on the hydrological connectivity as well as the �ow of nutrients, which
might exacerbate the discrepancy in Nansi Lake (Rolls and Bond, 2017; Mori et al., 2018; Almeida et al.,
2020).

4.2 Possible reasons for the temporal variation of DOM in
Nansi Lake
For most of the macrophyte-dominated lakes that could easily found in northern China, just like Nansi
Lake, a large amount of protein-like substances and heavy metals would be released in a concentrated
manner in May to July because of the death and decomposition of submerged plants (Deng et al., 2016).
The strong �uorescence intensity of protein-like substances both in the upper lake and the lower lake was
found in July, which might be related to the releases of submerged plants (Table 1).

Nevertheless, our results suggested that the highest %Fmax of protein-like substances were occurred in
April rather than July, which implied that the higher content of protein-like substances in April might not
be associated with the death and decomposition of submerged plants (Table 1). According to the
information announced by Ministry of Water Resources of the People's Republic of China, the yearly work
to divert water from the southern lakes to Nansi Lake ended on May 28, 2019. It also means that a lot of
water equipped in Nansi Lake in April was still mainly due to receiving water from the southern lakes. The
previous study found that Gaoyou Lake and Hongze Lake, the mainly two impounded lakes of SNWDP,
which were both located south of Nansi Lake, had several times as much turbid, total suspended solids
and chlorophyll a as Nansi Lake (Guo et al., 2020b). Fluorescence intensity of protein-like substances
was rarely seen in cleanly water, which could forecast the degree of contamination in the water body
(Baker, 2002). High content of protein-like substances in April might be associated with the input of
relative unclean water from other lakes. With the completion of the water transfer to Nansi Lake in May
2019, rainfalls and rivers �owing become the main sources of water supply to Nansi Lake. And DOM
properties in the two areas of Nansi Lake had a similar change trend with the change of the main water
source. %Fmax of protein-like substances decreased from 44.39%±1.23–33.44%±0.58% for the upper lake
and 70.02%±1.56–28.02%±0.99% for the lower lake, respectively. As opposed to protein-like substances,
%Fmax of humic-like substances increased from 55.61%±1.23–66.56%±0.58% for the upper lake and
29.98%±1.56–61.98%±0.99% for the lower lake, respectively. This change indicated that DOM in Nansi
Lake was greatly affected by exogeneity. And signi�cant correlations between humic-like substances,
DOC and a254 can also verify it.
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4.3 DOM variation's enlightenment to the management of
heavy metals
Compared with overlying water, sediments were considered as a major sink and source of pollutants
(Devesa-Rey and Barral, 2011; Sheykhi and Moore, 2013). Great �uctuation of water level might lead
destabilization of surface sediments in a shallow lake, which could release pollutants from sediments
and make the aquatic environment more complex (Zhu et al., 2015). Previous study found that the
concentration of several type heavy metals in the lower lake was higher than the upper lake, which was
different from ten years ago (Zhuang et al., 2019). Distribution variation of heavy metals in Nansi Lake
might be related to suspended particulate matter, soil erosion and other reasons caused by the SNWTP
(Zhuang et al., 2019). Furthermore, our previous research suggested that both the humic- and protein-like
substances in the lower lake had a stronger metal-binding compared with the upper lake (Ren et al.,
2020). Differences in the metal-binding ability of DOM could affect the migration of heavy metals (Xu et
al., 2019). Therefore, distribution variation of heavy metals in Nansi Lake might also be inseparable from
the difference of DOM properties. Although it is di�cult to conclude all factors that in�uence the
distribution of heavy metals, we suggest that government departments should consider the impact of
DOM, especially signi�cantly difference of DOM properties under the in�uence of SNWTP, when dealing
with problems about heavy metals.

5. Conclusions
Due to in�uences of the dam and the eastern route of China’s South-to-North Water Diversion Project
(SNWDP), differences of water level in Nansi Lake were distinct in April, July and October 2019. HIX in the
upper lake was always higher than the lower lake from April to October, suggesting that the degree of
humi�cation in the upper lake was always higher than it in the lower lake. And the holistic degree of
humi�cation both in the two areas was a rising trend over time.

Combining EEM and PARAFAC analysis, a total of �ve �uorescent components were obtained, including
three humic-like components (C1-C3) and two protein-like components (C4 and C5). On a temporal scale,
DOM properties were discrepant under the different hydrological condition. In April, the proportion of
protein-like substances exceeded that it in July and October. The proportion of humic-like substances
increased gradually in Nansi Lake after April. When it came to October, humic-like substances become the
mainly substances both in the two areas of Nansi Lake.
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Figure 1

Location of sampling sites in the upper lake and lower lake of Nansi Lake. Note: The designations
employed and the presentation of the material on this map do not imply the expression of any opinion
whatsoever on the part of Research Square concerning the legal status of any country, territory, city or
area or of its authorities, or concerning the delimitation of its frontiers or boundaries. This map has been
provided by the authors.

Figure 2

Variations of rainfall and pondage in Nansi Lake from 2017 to 2019.
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Figure 3

Spatial variability of DOC (a-b), absorption coe�cient a254 (d-f) and SUVA (g-h) in April, July and October
2019.



Page 18/24

Figure 4

Synchronous �uorescence spectra of DOM collected from the upper lake (a and b represented two
sample sites selected randomly in the upper lake) and the lower lake (c and d represented two sample
sites selected randomly in the lower lake) in April, July and October.
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Figure 5

EEM spectra of DOM collected from the upper lake (a-c and d-f represented changes of two sample sites
selected randomly in the upper lake under the different hydrological condition) and the lower lake (g-i and
j-l represented changes of two sample sites selected randomly in the lower lake under the different
hydrological condition).
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Figure 6

The Ex/Em loadings of the �ve �uorescent components derived and split-half validated by PARAFAC
model.
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Figure 7

Fluorescence intensity (Fmax), the ratio of the �uorescence intensity of component to the total
�uorescence intensity (%Fmax) and �uorescence index (FI, BIX and HIX) distributions of DOM in Nansi
Lake in April, July and October.
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Figure 8

Principal component analysis (PCA) results based on the ratio of the �uorescence intensity of component
to the total �uorescence intensity (%Fmax) in Nansi Lake in April, July and October.
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Figure 9

Correlations of spectral characteristic of DOM from Nansi Lake based on EEMs and UV–vis. The
magnitude of squares in this graph represented the change in the correlation coe�cient, and the asterisk
(*) represented for signi�cance level (“*” for p < 0.05, “**” for p < 0.01 and “***” for p < 0.001).
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Figure 10

Relationships between �uorescence intensity of PARAFAC components C1-C5 and DOC in April, July and
October (a). And Relationships between �uorescence intensity of PARAFAC components C1-C5 and a254
in April, July and October (b).


