
Introduction

Dissolved organic carbon (DOC) is one of the most 
abundant fractions of organic matter in aquatic systems 
and plays an important role in the dynamics of aquatic 

environments [1]. 90-95% of organic carbon in lakes 
is present in the dissolved form [2], it can be used to 
monitor carbon storage in the water environment [3-5]. 
DOC in inland water has various terrigenous sources, 
and its circulation leads to the mixing of biological, 
physical and photochemical processes [6]. In general, 
dissolved organic components in water are products of 
the decomposition of living or dead aquatic organisms, 
such as large plants and algae [7]. A large amount  

Pol. J. Environ. Stud. Vol. 31, No. 4 (2022), 3221-3233

	  		   			    		   		  Original Research              

Temporal-Spatial Pattern of Dissolved Organic 
Carbon and Its Influencing Factors in a Typical 

Subtropical Lake, Lake Gehu, China
         

Zijie Long1, Xiaodong Wu1*, Jianying Chao2, Xuguang Ge1, 
Hengting Liu1, Dandan Liu1

1College of Urban and Environmental Sciences, Hubei Normal University, Huangshi 435002, China 
2Nanjing Institute of Environmental Sciences, MEE, Nanjing 210042, China

Received: 14 September 2021
Accepted: 7 December 2021

Abstract

In this study, the spatial and temporal distribution characteristics of dissolved organic  
carbon (DOC) concentration in Gehu Lake, Taihu Lake Basin, China, and its influencing factors  
were studied through annual surveys conducted in 2018 and 2019 to aid its management and restoration. 
The DOC concentration ranged from 1.92 to 5.60 mg·L-1, and the average DOC concentration was 
3.30±0.78 mg·L-1. The DOC concentration was highest in winter, followed by spring, summer and 
autumn; it was significantly higher in winter and spring than in summer and autumn. The DOC 
concentration was lower in the northern area and higher in coastal areas. Linear fitting showed that 
DOC concentration was strongly positively correlated with the absorption coefficient of chromophoric 
dissolved organic matter, the permanganate index, particulate phosphorus and particulate nitrogen 
(p<0.01) and significantly positively correlated with organic suspended solids (0.01<p<0.05). 
The photosynthesis of phytoplankton and the input of exogenous organic matter were the most 
important factors affecting the concentration of DOC in Gehu Lake. These results provide information  
for the governance of Gehu lakes.

 
Keywords: dissolved organic carbon (DOC), Gehu lake, temporal and spatial distribution, Taihu Lake 
Basin

*e-mail: wuxd03@163.com 

DOI: 10.15244/pjoes/144658 ONLINE PUBLICATION DATE: 2022-05-05



Long Z., et al.3222

of terrigenous DOC also migrates through surface and 
subsurface runoff and accumulates in lakes, estuaries 
and coasts from the soil organic carbon pools of 
watersheds [8, 9].

Although small in surface area, inland waters, such 
as streams, lakes and reservoirs, play an important 
role in the regional and global carbon cycle [4, 10-13]. 
Raymond et al. estimated that approximately 2.1 Pg of 
carbon is returned to the atmosphere from freshwater 
systems each year, 18% of which is derived from lakes 
and reservoirs and the remaining 82% from rivers and 
streams [14]. Koehler et al. estimated that approximately 
10% of all CO2 released into the atmosphere by 
lakes and reservoirs was released through DOC 
photooxidation [15]. Ye et al. found that DOC in 
urban lakes with many inflow and outflow rivers and 
a relatively concentrated industrial distribution shows 
clear spatial and temporal changes because of the 
large amount of organic matter associated with surface 
runoff [16]. Zheng et al. studied the concentration and 
composition of DOC in rivers under different land 
use patterns and concluded that several factors may 
affect the concentration and composition of DOC, 
even in small watersheds [17]. Joshi et al. found that 
increases in DOC concentration may affect the water 
environment. For example, high DOC concentrations 
can affect the color of natural waters and negatively 
affect primary production by preventing the spread of 
solar radiation to deep-water ecosystems [18]. Jepsen et 
al. studied interannual variation in DOC in runoff with 
soil–water interaction and found that the distribution 
of DOC in terrestrial and aquatic ecosystems may be 
strongly affected by changes in water age [19]. Han 
et al. found that water temperature and TSS are the 
primary factors in regulating C concentrations, and 
their stable isotopic signatures are primarily affected 
by aquatic photosynthesis and riverine respiration in the 
upper Han River, China [20].

Lakes reflect environmental changes and play an 
important role in regulating the microclimate, increasing 
biodiversity, and maintaining ecological balance [21]. 
Given the increase in the severity of lake ecological 
and environmental problems coupled with the growth of 
global carbon cycle research, there is an urgent need to 
enhance our understanding of the storage and regulation 
of organic carbon in inland waters [10, 12, 20, 22]. 
The study of the spatial and temporal distribution 
characteristics of DOC in lake water as well as its 
influencing factors has important implications for water 
quality assessment, water environment restoration and 
the carbon cycle [10, 12, 20, 22-24]. In light of rapidly 
changing climate and land use in many subtropical 
and temperate watersheds, an improved grasp of DOC 
dynamics in lakes is essential to understanding whole-
ecosystem functioning [4, 25]. Due to the economic and 
social development in the Yangtze River region, a lot 
of nutrient elements associated with sewage waste were 
anthropogenically released into the rivers and lakes 
in the Yangtze River region. Most of the lakes in the 

middle and lower reaches of the Yangtze River region 
have been under mesotrophic or eutrophic conditions 
[26]. Gehu Lake, which is a typical subtropical shallow 
lake located in southern Jiangsu Province, China, is the 
largest lake in the upper reaches of Taihu Lake Basin 
and provides a natural barrier that helps protect the 
water ecology of Taihu Lake. As the aims of this study 
were: (1) to investigate the trophic status of the Gehu 
lake in the mid-lower reaches of the Yangtze River 
region; (2) to analyze the mean distribution of DOC; 
(3) identify the major DOC sources and determine the 
influencing factors of DOC in Gehu Lake.

Materials and methods

Overview of the Study Area

Gehu Lake (31°29′~31°42′N, 119°44′~119°53′E) 
is approximately 20 km away from Taihu Lake and 
is located in the Wujin District of Changzhou City 
and Yixing City of Wuxi City, Jiangsu Province. 
It is the second largest freshwater lake in southern 
Jiangsu Province after Taihu Lake [27, 28]. The lake 
is approximately 25 km long from north to south and 
6.6 km wide from east to west and has an area of 
approximately 164 km2. It is connected to Taihu Lake 
[21]. Gehu Lake is located in the northern subtropical 
monsoon climate zone and is characterized by a typical 
monsoon climate. The average annual precipitation is 
1037~1164 mm, and most precipitation is concentrated 
from June to September. The annual average water 
surface evaporation is 1058 mm, and the annual frost-
free period is 223 to 239 days. With an average depth 
of only 1.2 m and the bottom of Gehu Lake is relatively 
flat without obvious fluctuations [29]. The water change 
cycle is 83 days. Because of the economic development 
and population growth in the region over the past 
decade, the discharge rate of industrial and agricultural 
wastewater and domestic sewage has exceeded the 
self-cleaning rate of the lake, which has resulted in 
the gradual deterioration of the water quality of Gehu 
Lake and its surrounding rivers and lakes. The use of 
purse seine culture has also increased the severity of 
eutrophication in Gehu Lake, which has resulted in algal 
blooms in summer and led to decreases in biodiversity. 
The highway along the river built in 2008 divides Gehu 
Lake into two lakes in the north and the south (Fig. 1). 
Several activities have been conducted in the northern 
part of the lake, including river diversion, terrain 
modification, blue-algae fishing and aquatic vegetation 
restoration [21].

Setting of Sampling Points and Sample 
Collection

Given the shape and area of Gehu Lake, 6 sampling 
points (G1-G6) were placed in Zone A, and 14 (G7-G20) 
were placed in Zone B (Fig. 1). Field surveys of the lakes 
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were conducted in April, August, and November 2018 
and February 2019.

Sample Collection, Analysis and Determination

The water depth and secchi depth (SD) were 
measured in situ when collecting water samples. 
The depth was measured by an SM-5A convenient 
depth sounder (American Speedtech), and the SD was 
measured by a 30-cm black and white Secchi disk. The 
mixed water samples 0.5 m below the surface were 
collected with a 1.5-L quartz gravity water sampler, 
packed into a 2.5-L acid-washed polyethylene bottle 
and then were analyzed shortly after packing. Some of 
the water samples were also removed and preserved by 
filtration. The filtrate was stored at a low temperature 
(4ºC).

The water samples were filtered through a 0.45-μm 
GF/C filter membrane that was burned at 550ºC for 
6 h. The first 20 mL of the filtrate was discarded to 
prevent the organic carbon on the filter membrane 
from interfering with the subsequent determination.  
The filtrate was stored in 60-mL polyethylene bottles 
soaked overnight in dilute nitric acid. Thirty mL of 
the filtrate was used for DOC determination, and the 
remaining portion was used to determine the absorption 
and fluorescence spectra of chromophoric dissolved 
organic matter (CDOM). The samples were determined 
by the high-temperature catalytic oxidation method with 
a Shimazu TOC-VCPH Total Organic Carbon Analyzer, 
and the relative standard deviation of this method was 
less than 2% [30].

The absorption spectrum of CDOM was measured 
by a UV-Vis spectrophotometer (UV2700, Shimazu); 
the optical path of the colorimetric dish was 0.01 m, 

and the absorbance of the sample was 1 nm at intervals 
from 200 nm to 800 nm with ultra-pure water as the 
reference. The formula for calculating the absorption 
coefficient of each wavelength is

               (1)

where a(λ) is the absorption coefficient of wavelength λ, 
m-1; D(λ) is the absorbance of wavelength λ; and L is the 
optical path length, m. In this study, λ is 350 nm, which 
represents the absorption coefficient of CDOM of Gehu 
Lake in the 350-nm band [30].

A Fluorolog-3 (Hitachi) spectrophotometer was 
used to scan three-dimensional fluorescence spectra 
(excitation-emission matrix fluorescence spectroscopy, 
EEMs). The light source was a 450-W Xenon lamp. 
The scanning range of the excitation wavelength was 
250-450 nm, and the scanning range of the emission 
wavelength was 250–580 nm. The diffraction grating 
slit width of the excitation and emission monochromator 
was 5 nm, and the interval was 0.2 s. EEMs data 
correction for instrument differences was performed 
using fluorescence operation manual correction 
factors [30]. The humification index (HIX), the recent 
autochthonous biological activity index (BIX) and 
fluorescence index (FI) of Gehu Lake were determined 
by UV-Vis spectroscopy and fluorescence photometry 
[31]. HIX refers to the ratio of fluorescence intensity 
of the emission wavelength between 435-480 nm and 
300–345 nm at the excitation wavelength of 254 nm, 
which reflects the humification degree of CDOM. 
Zhang et al. indicated that when HIX is less than 1.5, 
CDOM is mainly derived from autologous sources of 
recent biological activities, and when HIX is between 
1.5 and 3, CDOM begins to show the characteristics of 

Fig. 1. Map showing the location of Gehu Lake in the Taihu Lake Basin and the location of sampling points (G1-G20) in Gehu Lake.  
The line through the top of Gehu Lake indicates the location of the highway, which divides the lake into Zone A (A) and Zone B (B).
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humus [32]. BIX is the ratio of fluorescence intensity of 
the emission wavelength between 380 nm and 430 nm 
at the excitation wavelength of 310 nm, which reflects 
the proportion of endogenous substances in CDOM. 
Generally, when BIX>1, CDOM is mainly derived from 
endogenous substances newly generated by microbial 
activities, and when BIX is between 0.6 and 0.7, the 
production of CDOM by the water body is low. FI 
refers to the fluorescence intensity ratio of the emission 
wavelength between 470 nm and 520 nm at the 
excitation wavelength 370 nm, which reflects the source 
of humus in CDOM. Generally, when FI<1.4, CDOM 
is mainly derived from land-based sources, and when 
FI>1.9, CDOM is mainly derived from the activities of 
microorganisms and algae [33].

Water samples were filtered through a 0.7-μm 
Whatman GF/F glass fiber membrane. The membrane 
was protected from light and stored at –20ºC. 
Chlorophyll a was determined by the 90% acetone 
method. The permanganate index (CODMn) was 
determined by the acid method. The total suspended 
solids (TSS), organic suspended solids (OSS) and 
inorganic suspended solids (ISS) were measured by 
the filtration-weighing method. Ammonia nitrogen 
(NH3-N) was determined by Nessler’s reagent 
colorimetric method. Total phosphorus (TP), total 
dissolved phosphorus (TDP) and orthophosphate 
(PO4

3-P) were determined by molybdenum antimony 
anti-spectrophotometry. Total nitrogen (TN) and total 
dissolved nitrogen (TDN) were determined by UV 
spectrophotometry with alkaline potassium persulfate 
digestion. Granular phosphorus (PP) content was 
determined by taking the difference of the TP content 
and TDP content; granular nitrogen (PN) content was 
determined by taking the difference of the TN content 
and TDN content [33].

Data Processing

The micro-map of sampling points and spatial 
distribution interpolation maps were drawn using 
ArcGIS 10.2. The PARAFAC processing of EEMs 
data was carried out in MATLAB 2012a using the 
drEEM_010 package. Means, variances, standard 
deviations, linear fits and Pearson correlation were 
analyzed using SPSS 21.0 and Origin 2019b software 
programs. In the reporting of significance levels, p<0.01 
indicates highly significant, 0.01<p<0.05 indicates 
significant, and p> 0.05 indicates not significant.

Results and Discussion

Characteristics of Water Quality Indicators

Fig. 2 shows the results of SD, NH3-N, PO4
3-P, 

CODMn, TN, TP, SS, Nitrogen and phosphorus ratio 
corresponding to seasonal sampling of Gehu lake. SD 
was highest in the spring (32.8±13.6 cm), followed by 

winter (29.8±6.2 cm), autumn (24.1±4.0 cm) and summer 
(21.2±3.7 cm). The SD was higher in Zone A than Zone 
B in summer, autumn and winter; however, the SD  
was higher in Zone B than in Zone A in spring.  
The average NH3-N concentration was highest 
in autumn (0.64±0.27 mg·L-1), followed by winter 
(0.49±0.31 mg·L-1), spring (0.26±0.18 mg·L-1) and 
summer (0.18±0.04 mg·L-1). The NH3-N concentration 
showed significant spatial variation, it was higher in Area 
A than in Area B. The average PO4

3-P concentration 
was highest in summer (0.064±0.039 mg·L-1),
followed by autumn (0.050±0.042 mg·L-1), winter 
(0.030±0.018 mg·L-1) and spring (0.017±0.030 mg·L-1). 
The spatial pattern was more pronounced for PO4

3-P 
concentration than for NH3-N concentration, the PO4

3-P 
concentration was higher in Zone A than in Zone B and 
decreased from north to south. CODMn of Gehu Lake is 
in line with the standard of class IV according to The 
Surface Water Environment Quality Standard (GB 
3838-2002). CODMn was highest in spring, followed by 
summer, winter and autumn; the average CODMn was 
5.61 mg·L-1. CODMn was higher in Zone B than in Zone 
A in spring, summer and winter; however, CODMn was 
slightly higher in Zone A than in Zone B in spring. 
The TN and TP averages (3.10 mg·L-1 and 0.172 mg·L-1,
respectively) for Gehu Lake were consistent with  
a water quality of class V, which is below class IV, 
and excess ratios of TN and TP were 2.06 and 1.72, 
respectively. The average concentration of TSS in 
the lake was highest in summer (61.36±20.91 mg·L-1),
followed by autumn (40.21±9.18 mg·L-1), spring 
(36.28±13.78 mg·L-1) and winter (29.62±5.82 mg·L-1). 
TSS were higher in Zone A than in Zone B in spring 
but higher in Zone B than in Zone A in the other 
seasons. TSS in Zone A and B were dominated by ISS, 
and the proportion of ISS and OSS in each lake area 
was roughly the same. The TN/TP mass ratio decreased 
from the lake center to the shore. The TN/TP mass 
ratio was highest in winter (25±7), followed by autumn 
(22±3), spring (17±5) and summer (14±2) (Fig. 2).  
In this study, the TN/TP ratio in spring and summer was 
lower, whereas the TN/TP ratio in autumn and winter 
was higher, which is consistent with the changing law 
of the TN/TP ratio of Taihu Lake [34].

DOM Fluorescence Characteristics 

Three-Dimensional fluorescence 
spectral characteristics

After PARAFAC analysis, three types of 
components were separated (Fig. 3). The peak domain 
of component 1 (C1) is relatively broad, with a peak 
excitation wavelength of 365 nm and emission 
wavelength of 475 nm, which is close to peak C in the 
traditional classification of peak groups. Its composition 
is terrestrial humus, and its conjugated chromophore 
is easily replaced by an aromatic group; in addition, 
the degree of condensation is relatively high [35]. 
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Component 2 (C2) has the maximum peak value at 
an excitation wavelength of 325 nm and emission 
wavelength of 405 nm, which is close to the traditional 
peak M. It is a humic-like compound that has been 
widely detected in surface seawater and in Antarctic 
lakes. This component may be derived from the 
recent activities of humans and other organisms [36]. 
Component 3 (C3) has the largest excitation at 280 nm, 
and the largest emission at 326 nm, which is near the 
traditional peak B. It is a type of protein-like substance 
that is sensitive to microbial activities; its degradation 

degree is higher, which is caused by some nonprotein 
substances (e.g., lignin phenol, indoles) and promotes 
the formation of the protein fluorescence chromophore 
[37]. There is also some research suggesting that the 
peak domain of this component may be associated 
with high imported polluting activities; it also reflects 
the stronger characteristics of the soluble microbial 
products [38]. Current studies on CDOM sources have 
suggested that the humic-like components are mainly 
exogenous inputs, whereas the protein-like components 
are mainly endogenous outputs [39].

Fig. 2. Seasonal variation in the physical and chemical properties of Gehu Lake.
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Characteristics of fluorescence indices

HIX, BIX and FI reflect the degree of humification 
and the self-production capacity of fluorescent-dissolved 
organic matter (FDOM) in water [40]. The annual 
average HIX in Gehu Lake ranged from 0.73 to 2.83, 
and the annual average value was 1.78±0.27. The degree 
of humification was not high. The overall fluctuation 
range of HIX was slightly larger than that of the other 
fluorescence indexes; the highest value was in summer, 
and the lowest value was in spring (Fig. 4a). The range 
of seasonal variation was lower for BIX than for HIX. 
The annual average range was 0.84~1.07, and the 
average value was 0.95±0.03, indicating low production 
capacity. The range of FI was the smallest, with an 
annual average range of 1.03~1.75 and an annual mean 
of 1.62±0.07, which is not consistent with the classical 
classification of either a terrestrial origin (<1.4) or an 
algal origin (>1.9). Nevertheless, this indicates that the 
endogenous components of CDOM in Gehu Lake are 
not strongly affected by algal activities.

Seasonal Variation Characteristics of the CDOM 
Absorption Coefficient a (350) in Gehu Lake

The CDOM absorption coefficient a(350) varied 
among seasons (Fig. 4b). It was highest in summer 
(6.98±0.52 m-1), followed by spring (3.28±0.49 m-1), 
winter (3.25±0.30 m-1) and autumn (2.91±0.36 m-1). The 
CDOM absorption coefficient a(350) was significantly 
higher in summer compared with the other seasons, 
and the maximum value in summer was 7.95 m-1. There 
were no significant spatial differences among seasons, 
but it was slightly higher in Zone B than in Zone A.  
In Zone A, the maximum value of a(350) was 7.14 m-1 
in summer, and the lowest value was 2.07 m-1 in 
autumn. In Zone B, the highest value was 7.95 m-1 in 
summer, and the lowest value was 3.34 m-1 in autumn.

Temporal and Spatial Distribution of DOC 
in Gehu Lake

The DOC concentration in Gehu Lake showed  
a seasonal pattern of change in which DOC was 
highest in winter and then decreased until the autumn 
when it was at its lowest. Precipitation and thus  

the flow of rivers increase in spring (Fig. 4c). As a result, 
the organic matter accumulated in the dry oxidized 
environment in winter due to the decomposition of 
soil organic matter and deposition in the surface of 
soil is brought into the lake by rivers, which increases 

Fig. 3. Fluorescent components separated by PARAFAC. 

Fig. 4. The distribution of a) humification index (HIX), index 
of recent autochthonous biological activity (BIX), fluorescence 
index (FI), b) dissolved organic matter absorption coefficient at 
350 nm (a(350)) and c) dissolved organic carbon (DOC) values 
in each lake.
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the exogenous input of DOC to Gehu Lake. With the 
arrival of the rainy summer season, the river flow 
continues to increase, and the exogenous resources of 
lake DOC increase as the concentration decreases. 
This is presumably because the DOC released by algal 
blooms is rapidly decomposed and utilized by bacteria 
under high temperatures in summer because of its high 
bioavailability [16], which reduces the concentration 
of DOC in the water body; furthermore, there is 
more rainfall in summer, which dilutes the DOC 
concentration in lake water. Chen et al. used Landsat-8 
and Sentinel-2 satellite images to estimate the temporal 
and spatial variation in DOC in Saginau Bay of Lake 
Huron, USA, and also found that the concentration 
of organic carbon was relatively high in spring and 
low in summer [41]. The water temperature and water 
level of Gehu Lake are at their lower in autumn and 
winter, and the level of organic pollution is high.  
This is consistent with Li, Xiaojun's research showing 
that the total organic carbon to total nitrogen ratio in 
Taihu lake (China) is higher in winter (30.5) than in 
summer (16.37) [42].

The DOC concentration ranged from 1.92 to 
5.60 mg·L-1, and the average was 3.30±0.78 mg·L-1,
which was lower compared with Taihu Lake (range of 
2.86-11.83 mg·L-1) [43] and Poyang Lake (ranged from 
1.79 to 7.22 mg·L-1 and average of 3.85±1.41 mg·L-1)
[44]. The DOC concentration of Gehu Lake gradually 
increased from north to south (Fig. 5), which is 
consistent with the spatial pattern of algae density in 
Gehu Lake [45], indicating that the DOC in Gehu Lake 
is closely tied to the distribution of algae. Organic 
matter from domestic sewage, the feces and urine of 
poultry and animals and bait from purse seine culture 
around Gehu Lake likely increase the DOC content 
in the coastal parts of the lake. In spring (Fig. 5a), 
there was a high degree of variation, with high DOC 
concentrations in the western portion of the southern 
region (specifically, near the mouth of the Huangli River 
and Beigan River), and DOC concentrations gradually 

decreased in the southeastern region. This stems from 
the fact that the dissolved organic matter (DOM) in 
the bottom sediment is continuously released as the 
river flows downstream. During this process, the DOC 
content in the river gradually increases and finally flows 
into the lake, which increases the DOC content near the 
lake inlet. DOM can be photoproduced by the photolysis 
of resuspended estuarine or marine sediments [46]. 
There are no large-scale development and construction 
projects around the lake entrance, and the DOC in 
the lake bottom silt and surrounding soil has not been 
disturbed, which is also the reason for the high DOC 
concentration in the lake entrance area. In summer 
(Fig. 5b), the area with high DOC concentrations 
was near Fengyi and Gaodu in the southernmost part 
of the lake, and the DOC concentrations gradually 
decreased northward. In autumn (Fig. 5c), the highest 
value was recorded near Port Yincun and Zhaiqiao in 
the southeastern portion of the southern area. This area 
historically was a large-scale aquaculture area and thus 
a source of artificial bait. Although this aquaculture area 
is no longer in operation, there are still many organic 
substances remaining at the bottom; furthermore, the 
low average water depth in this area (1.1 m) contributes 
to the high DOC concentration. In winter (Fig. 5d), the 
highest value was recorded near Port Dahong in the 
northeastern part of the lake and near the mouth of the 
Beigan River in the western portion of the southern area 
and gradually decreased in the southeastern part of the 
lake. The higher exogenous input in ports and estuaries 
explains the high DOC concentrations in these areas.

Analysis of the Influencing Factors of DOC 
in Gehu Lake

Relationship between DOC and TSS

There are many river estuaries around Gehu Lake, 
and material and energy exchange with the outside 
world occurs frequently. The TSS in Gehu Lake are 

Fig. 5. Spatial distribution of the DOC concentration in spring, summer, autumn and winter in Gehu Lake.
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mainly derived from sediments carried by the river and 
the sediment resuspension caused by wind disturbance. 
The proportions of ISS and OSS of Gehu Lake differ 
greatly (72% and 28%, respectively). The percentage 
of OSS (28%) was similar to that of Taihu Lake (30%) 
[47]. DOC was not significantly correlated with ISS 
(0.05< p<0.1, Table 1), but it was significantly positively 
correlated with OSS (0.01<p<0.05, Table 1, Fig. 6d). 
The degree of eutrophication was high in Gehu Lake. 
In summer, algae erupted, and water blooms often 
occurred. Phytoplankton are an important component of 
OSS and a source of TSS.

Relationship of DOC with Nitrogen and Phosphorus

There was a highly significant positive correlation 
between DOC and PN and DOC and PP (both p<0.01, 
Table 1, Fig. 6), and the correlation coefficients were 
0.302 and 0.287, respectively. PN ranged from 0.087 
to 1.727 mg·L-1, and the average was 0.764 mg·L-1,
accounting for 24.7% of TN. PP ranged from 0.042 
to 0.224 mg·L-1, and the average was 0.112 mg·L-1, 
accounting for 65.4% of TP. PN and PP were highly 
significantly positively correlated with Chl-a (both 
p<0.01, Table 1), and the correlation coefficients were 
0.627 and 0.407, respectively. However, the overall 
correlation between DOC and TN and DOC and TP 
were not strong in this study (p>0.1 and 0.05< p<0.1, 
respectively), indicating an unstable contribution of 
nitrogen and phosphorus to DOC. It is worth noting that 
even though DOC lacked a significant linear relationship 
with TN and TP overall, it showed a good response to 
TN and TP in each season. These results indicate that 
the contribution of TN and TP to DOC was influenced 
substantially by other environmental conditions 
[33]. TN/TP was highly significantly negatively 
correlated with OSS and CODMn (both p<0.01, Table 
1) and significantly negatively correlated with Chl-a 
(0.01<p<0.05, Table 1). Algae (e.g., blue-green algae) 
only release less than 10% of photosynthetically fixed 
carbon when they grow, whereas decaying algae cells 
can release 10-50% or more of the photosynthetically 
fixed carbon. The effect of nutrients on phytoplankton 
organic carbon released by photosynthesis shows  

Table 2. Relationship between dissolved organic carbon (DOC) 
and dissolved organic matter absorption coefficients (a(350)), 
the fluorescence intensities of components from the PARAFAC 
model.

Fig. 6. Mutual correlations between a) dissolved organic carbon (DOC) and Granular phosphorus (PP), b) granular nitrogen (PN), c) 
permanganate index (CODMn), and d) organic suspended solids (OSS).

DOC a(350) C1 C2 C3

DOC 1

a(350) 0.668** 1

C1 0.229 0.545* 1

C2 0.207 0.186 0.516* 1

C3 0.246 0.209 0.44 0.950** 1

*indicates a significant correlation at the level of 0.05 
(bilateral),
** indicates a significant correlation at the level of 0.01 
(bilateral)
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a lag [48]. The dead residue of algae is thought to be 
one of the major sources of PN and PP in Gehu Lake.

Relationship between DOC and CODMn

CODMn is the amount of oxidized reducing 
substances (mainly organic pollutants) in water, 
and DOC is a comprehensive indicator of organic 
matter content in water by carbon content (Feng et 
al. 2018). Previous studies have shown that there is a 
significant positive correlation between CODMn and 
DOC concentration [49, 50]. Linear fitting revealed 
a significant positive correlation between DOC and 
CODMn in Gehu Lake (p<0.01, Table 1). However, 
there was no significant correlation between DOC  
and Chl-a (p>0.1, Table 1). Previous studies have shown 
that the correlation between DOC and chlorophyll is 
complex [51-54]. There was no significant correlation 
between DOC and Chl-a in Gehu Lake, it indicates  
that phytoplankton not playing mainly role in regulating 
the DOC distribution [53]. The permanganate index 
of Gehu Lake reached class IV of GB3838-2002 
Environmental Quality Standard For Surface Water, 
and the maximum was 8.12 mg·L-1, indicating a high 
degree of organic pollution. The results showed that 
the main source of DOC in Gehu Lake was exogenous 
input; endogenous input was not dominant. The high 
degree of exogenous input was the reason for the lack 
of a significant correlation between Chl-a and DOC  
(p>0.1 Table 1).

Relationship between DOC and CDOM

CDOM is an important component of DOM in water 
[33]. It affects the distribution of and variation in the 
underwater light field and is an important source and 
sink in the global carbon cycle. Its generation, migration, 
transformation and fate can affect the cycle process 
of nutrients, such as N, P, heavy metals and organic 
pollutants [55, 56]. Jiao et al. concluded from a study 
of 30 rivers that CDOM could be used as a surrogate 
for DOC in most major rivers of North America [57]. 
The correlation analysis between the absorption 
coefficients of DOC and CDOM and the fluorescence 
components of FDOM revealed that the absorption 
coefficient of CDOM a(350) was highly significantly 
positively correlated with DOC (p<0.01, Table 2), 
indicating that CDOM makes a great contribution  
to the carbon storage in Gehu Lake. C1 was 
significantly positively correlated with C2 (0.01<p<0.05, 
Table 2), indicating that these two types of humic-like 
substances are similar in composition; their sources 
and distributions may also be similar. The fluorescence 
intensity of C3 made an important contribution 
in quantity, but there was only a significant linear 
correlation between C3 and C2 (p<0.01, Table 2). 
Ren et al [33] studied the dissolved organic matter in 
Qinshan lake which is urban moderately eutrophic lake 
in the middle reaches of the Yangtze River, found that 

DOC was highly significantly positively correlated with 
a(350) (p<0.01), but there was no significant correlation 
between DOC and fluorescence components of FDOM, 
which is consistent with the results of our study.

DOC in lake water can be divided into endogenous 
and exogenous according to its source. Endogenous 
refers to the products of phytoplankton photosynthesis, 
the substances decomposed by bacteria and 
microorganisms and the release of sediment. Exogenous 
refers to the discharge of pollutants from the outer basin 
of the lake and the input of organic matter accumulated 
in soil with rainwater and river flow. Gehu Lake is  
a deeply eutrophic lake with many inlets of rivers, 
frequent material and energy exchange with the outside 
world, a large amount of organic matter and pollutant 
input by rivers and rainwater and serious organic 
pollution. The source of DOC in Gehu Lake was mainly 
exogenous, which is consistent with the results of Wu 
et al. [26] showing that terrestrial inputs have critical 
effects on the lakes in the mid-lower reaches of the 
Yangtze River in China.

Conclusions

In this study, four seasonal water samples were 
collected for in-situ measurements and experimental 
analysis, and various physical and chemical indicators 
of water quality and DOC concentrations in Gehu Lake 
were obtained. The major conclusions are detailed 
below.

(1) The CDOM absorption coefficient a(350) in 
Gehu Lake was highest in summer (6.98±0.52 m-1), 
followed by spring (3.28±0.49 m-1), winter (3.25±0.30 
m-1) and autumn (2.91±0.36 m-1). It was slightly lower 
in the northern area of Gehu Lake compared with the 
southern area.

(2) The DOC concentration range of the lake was 
1.92~5.60 mg·L-1, and the average value was 3.30 mg·L-1.
It was generally lower in the northern part of the lake 
and higher in coastal areas. DOC concentration was 
highest in winter, followed by spring, summer and 
autumn. It was significantly higher in winter and spring 
than in summer and autumn.

(3) DOC was highly significantly positively 
correlated with a(350), PN, PP and CODMn (p<0.01) 
and significantly positively correlated with OSS 
(0.01<p<0.05). Phytoplankton photosynthesis and the 
input of exogenous organic matter are important factors 
affecting DOC concentrations.
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