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Abstract: Nansi Lake has been seriously affected by intensive anthropogenic activities in recent years.
In this study, an extensive survey on spatial variation, pollution assessment as well as the possible
sources identification of major nutrients (Total phosphorus: TP, Total nitrogen: TN, and Total organic
carbon: TOC) in the surface sediments of Nansi Lake was conducted. Results showed that the mean
contents of TP, TN and TOC were 1.13-, 5.40- and 2.50- fold higher than their background values
respectively. Most of the TN and TOC contents in the surface sediments of Nansi Lake were four
times as high or higher and twice as high or higher than the background values except the Zhaoyang
sub-lake, and the spatial distribution of TN and TOC contents were remarkably similar over a large
area. Nearly all the TP contents in the surface sediments of Nansi Lake were all higher than its
background values except most part of the Zhaoyang sub-lake. Based on the enrichment factor (EF)
and the organic pollution evaluation index (Org-index), TP, TOC and TN showed minor enrichment
(1.13), minor enrichment (2.50) and moderately severe enrichment (5.40), respectively, and most part
of the Dushan sub-lake and the vicinity of the Weishan island were in moderate or heavy sediments
organic pollution, while the other parts were clean. Moreover, according to the results of multivariate
statistical analysis, we deduced that anthropogenic TN and TOC were mainly came from industrial
sources including enterprises distributed in Jining, Yanzhou and Zoucheng along with iron and steel
industries distributed in the southern of the Weishan sub-lake, whereas TP mainly originated from
runoff and soil erosion coming from agricultural lands located in Heze city and Weishan island,
the local aquacultural activities as well as the domestic sewage discharge of Jining city.

Keywords: sediments nutrients; spatial variation; pollution; sources; Nansi Lake

1. Introduction

Phosphorus, nitrogen, and carbon are the sources of nutrients that can cause eutrophication when
excessive [1,2]. Because of adsorption, hydrolysis and co-precipitation, only a small part of free ions
dissolved in water, and many of the pollutants settle down in the sediments [3]. Nutrients in the
sediments may be released to water under certain condition and then form the endogenous load. As a
result, the importance of lake sediments as a nutrient sink and source has long been recognized [3].
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The analysis of nutrients in sediments is therefore a useful method to evaluate the lake pollution status
in aquatic systems.

Nansi Lake is the largest freshwater lake in Shandong Province, China, which plays an important
role in storage and regulation capacity of the South-to-North Water Diversion Project (eastern route).
The eastern sub-catchment of the lake is for supporting industries, and the western sub-catchment has
mainly been developed for agriculture, fishery and sideline production. Previous research has implied
that the contents of TN, TP and TOC have been progressively augmented over time according to the
analysis of sediments cores sampled in Nansi Lake [4–7]. Agricultural, aquacultural and industrial
activities have been increasingly intensified at an unprecedented rate in Nansi Lake catchment since
the Reform and Open Policy of China [8,9], leading to a series of environmental issues along with
significant contribution to local gross domestic product. Therefore, an extensive survey on spatial
variation, pollution assessment and possible sources identification of major nutrients (TP, TN and
TOC) in the surface sediments of Nansi Lake was conducted.

The main objectives of this study were to: (a) characterize the spatial variation of TP, TN and
TOC, (b) evaluate the degree of surface sediments organic pollution for determining key areas to
be controlled in the future, and (c) identify possible sources of TN, TP and TOC for the purpose of
pollution sources control.

2. Materials and Methods

2.1. Study Area

Nansi Lake (34◦27–35◦20 N, 116◦34–117◦21 E) that consists of four sub-lakes (Nanyang, Dushan,
Zhaoyang and Weishan) from north to south is situated at the southwestern part of Shandong Province,
China. The total area is about 1.2 × 103 km2 with 126 km in length from south to north and 5–25 km in
width from east to west, and the average depth is 1.46 m. In 1960 when a dam was built in the middle
of the Zhaoyang sub-lake, Nansi Lake was then divided into the upper lake (north part) and the lower
lake (south part) (Figure 1) [10]. The whole catchment area is 30.4 × 103 km2, among which the western
sub-catchment is the Yellow River Floodplain between the course of the Yellow River and ancient
Yellow River bed with flat topography, while the eastern sub-catchment is mainly composed of alluvial
plain with scattered outcropping Cambrian and Ordovician calcareous hills and mountains. Nansi
Lake is recharged primarily by precipitation and drains out from the south. It is growing into the main
freshwater fishery production base due to its fertile water and wide lake surface [9]. The aquacultural
areas are mainly distributed in the Dushan and Weishan sub-lakes (Figure 1), which potentially bring
a high nutrient load into the lake.
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2.2. Sediments Sampling and Elements Analysis

A total of 210 surface (0–5 cm) sediments samples were collected from Nansi Lake in June 2012
(Figure 1) using a gravity corer, and sealed in self-sealing plastic bags with marked labels and then
taken to the laboratory. They were air-dried at room temperature (25–28 ◦C) and then passed through
10-mesh polyethylene sieve to remove stones and other debris. A portion (about 50 g) was ground in
an agate grinder and sieved through 100-mesh polyethylene sieve before chemical analysis.

All analyses were completed in the lab of the Wuhan Inspection and Testing Center of Geology
and Mineral Resources, which is a subordinate research institute of the Ministry of Land and Resources
of China. About 0.25 g subsamples were digested in Teflon vessels with HNO3–HF–HClO4 mixture
in a microwave oven, and then the sample solutions were filtered and further adjusted to a suitable
volume with double deionized water. The total concentrations of Cd, Pb, Ti, V, Cu, Zn, Fe2O3, Al2O3

and Cr were analyzed using inductively coupled plasma-atomic emission spectrometry (ICP-AES,
JY38S, Longumeau, France). Hg and As were analyzed by atomic fluorescence spectrometry (AFS,
AFS-230E, Beijing, China) [11]. The analytical data was guaranteed using quality assurance and
quality control (QA/QC), through analyzing reagent blanks, duplicate samples and standard reference
materials (GSS-1, GSS-8, GSS-10 and GSS-11) for each batch of samples. TP was determined by
the ascorbic acid method (HCl–HNO3–HClO4) using inductively coupled plasma-atomic emission
spectrometry (ICP-OES). TN was determined using semi-micro Kjeldahl after digested by H2SO4

and HClO4. Tota organic carbon (TOC) was analyzed by oil bath-K2CrO7 titration [12]. All samples
were analyzed in triplicate. The analytical precision for replicate samples was within ±10% and the
measurement errors between determined and certified values were less than 5%.

2.3. Exploratory Statistical Analysis and Data Transformation

The descriptive parameters of data sets were analyzed using SPSS 16.0 software, such as maximum
(Max), minimum (Min), mean, median (Med), standard deviation (S.D.) and coefficient of variation
(C.V.). A statistical test of the Kolmogorov–Smirnov (K-S) method was applied to evaluate the normality
of data sets [13]. A normal distribution is desirable in conventional statistics and linear geo-statistics [14,15],
as the high skewness and outliers can endanger the spatial continuity of the variogram function.
Therefore, data transformation was necessary especially in geo-statistical analysis [14,16]. A logarithmic
transformation and the Box—Cox transformation was applied in order to normalize skewed data sets
in this study. The obvious outliers (extreme values) were rejected according to the PaūTa criterion,
which meant the data sets should not exceed the range by its mean value with adding and subtracting
three times of its standard deviation [17].

2.4. Geo-Statistical Analysis

Geo-statistics was applied to describe the spatial variation of nutrients contents and the organic
pollution evaluation index in this study. It uses the technique of variogram (or semi-variogram)
to measure the spatial variability of major nutrients, and provides input parameters for the spatial
interpolation of kriging [18,19]. The semi-variogram can be expressed as:

γ(h) =
1
2

E[z(x)− z(x + h)]2 (1)

The usual computing equation for the variogram is

γ(h) =
1

2N(h)

N(h)

∑
i=1

[z(xi)− z(xi + h)]2 (2)

where γ(h) is the semivariance at a given distance h; z(xi) is the value of variable z at location xi, h is
the lag distance, and N(h) is the number of pairs of sample points separated by h.
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Among the estimation methods, ordinary kriging is the most popular one, which “is a collection
of generalized linear regression techniques for minimizing and estimating variance defined from a
prior model for a covariance” [20]. It can not only reveal the overall trend of the data [20,21] but
also provide useful visual displays of the spatial variability [22]. A variogram plot is obtained by
calculating values of the variogram at different lag distances. These values are usually fitted with a
theoretical model, such as spherical or exponential models. The fitted model provides information
about the spatial structure as well as the input parameters for ordinary kriging. The geo-statistical
analysis was performed with the VARIOWIN 2.2 [23] program in this study.

2.5. Sediments Nutrients Pollution Evaluation

Background values play an important role in the interpretation of geochemical data. Although the
average shale values or average crustal abundance are often used, the best alternative is to compare
the contents of polluted and mineralogically and texturally comparable sediments with unpolluted
ones [8,24]. The survey data in the main stream sediments of the Yellow River were regarded as the
background levels in this study with the consideration that Nansi Lake originated from the flooding of
Yellow River [9,25], which has already gained general recognition in China. The sediments nutrients
pollution was then evaluated by the enrichment factor (EF) and the organic pollution evaluation index
(Org-index) [26,27].

The enrichment factor is the ratio between the monitored and the background values. The EF
index can be classified as no enrichment (EF < 1), minor enrichment (1 ≤ EF < 3), moderate enrichment
(3 ≤ EF < 5), moderately severe enrichment (5 ≤ EF < 10), severe enrichment (10 ≤ EF < 25), very
severe enrichment (25 ≤ EF < 50), and extremely severe enrichment (EF > 50) [24].

Organic matter plays an important role in the migration and transformation of nutrients. Related
studies have shown that carbon, nitrogen and phosphorous could be released from the sediments in
the process of organic matter mineralization when there was enough oxygen [28]. So the Org-index
was used to evaluate sediments organic pollution of Nansi Lake, defined by the following equations:

Org − index = TOC(%)× Org − N(%) (3)

Org − N(%) = TN(%)× 0.95 (4)

where TOC (%) is the weight percentage of organic carbon; Org-N (%) is the weight percentage of
organic nitrogen, which is equal to the weight percentage of TN times 0.95. The Org-index consists of
four pollution levels: Org-index < 0.05, unpolluted (class 1); 0.05 < Org-index < 0.35, unpolluted to
moderately polluted (class 2); 0.35 < Org-index < 0.75, moderately polluted (class 3); Org-index > 0.75,
heavily polluted (class 4) [27].

2.6. Statistical Analysis

In this study, the range, quartiles (5, 25, 50, 75 and 95%), mean, and standard deviation (S.D.) of
the data were calculated to characterize each index. All statistical analyses were performed by SPSS
16.0 software. Possible sources of the nutrients were identified using principle component analysis
(PCA) and cluster analysis (CA) techniques.

PCA was interpreted in accordance with the hypothetical source of elements (lithogenic,
anthropogenic or mixed). Varimax rotation was applied because it minimized the number of
variables with a high loading on each component and facilitated the interpretation of results [29].
The contents of elements in sediments were first standardized through z-scale transformation to
facilitate the interpretation of the results and avoid misclassification due to wide differences in data
dimensionality [30], and then Kaiser-Meyer-Olkin (KMO) and Bartlett’s sphericity tests were performed
to examine the suitability of the data for PCA [31]. A high KMO value (close to 1) generally indicated
that principal components may be useful (in this study, KMO = 0.85). Bartlett’s test of sphericity
indicated whether a correlation matrix was an identity matrix and thus the variables were unrelated
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or not. The significance level of 0 in this study (less than 0.05) indicated that there were significant
relationships among the variables. PCA results would vary considerably depending on whether
the covariance or correlation matrix was used. In this study, the PCA was calculated based on the
correlation matrix because the contents of the elements varied by several orders of magnitude [32].
By extracting the eigenvalues and eigenvectors from the correlation matrix, the number of significant
factors and the percent of variance explained by each of them were calculated.

CA classified a set of observations into two or more mutually exclusive unknown groups based
on a combination of internal variables [33]. It was undertaken according to the between-groups linkage
method. The results were shown in a dendrogram where steps in the hierarchical clustering solution
and values of the distances among clusters (squared Euclidean distance) were represented. In order to
explore the interrelationship and correlation of the data, CA was usually coupled with PCA to check
the results and to group individual variables [34].

3. Results and Discussion

3.1. Nutrients Contents in the Surface Sediments of Nansi Lake

The nutrients in the surface sediments of Nansi Lake and its commonly used descriptive
statistics along with the p-value of Kolmogorov-Smimov test for normality were showed in Table 1.
The distributions of TP, TN and TOC were in the ranges of 0.39–1.37 g kg−1, 0.34–7.68 g kg−1 and
0.16–9.06%, respectively. The mean contents of TP, TN and TOC all exceeded the background values as
high as 1.13, 5.40 and 2.50 times, respectively, besides, they were also higher than the lowest standards
released by the Ministry of Environment and Energy, Ontario, Canada.

Table 1. Summary statistics of nutrients in the surface sediments of Nansi Lake.

Min 5% 25% Med 75% 95% Max Mean S.D. C.V. Canada B Dis. PK-S

TP 0.39 0.49 0.59 0.64 0.73 0.95 1.37 0.68 0.14 0.15 0.6 0.6 Box-cox 0.19
TN 0.34 0.68 1.4 2.2 3.7 6.3 7.68 2.7 0.18 0.63 0.55 0.5 lgN 0.74

TOC 0.16 0.50 1.18 2.22 3.91 7.04 9.06 2.82 2.10 0.74 1 1.13 lgN 0.94
TOC/TN 4.71 7.35 8.43 10.09 10.57 11.17 11.79 10.44 - - - - - -

Notes: Min: minimum; Max: maximum; S.D.: standard deviation; C.V.: variation coefficient; Median: Med; B:
the background values of elements in Nansi Lake sediments; -: not available; K-S: Kolmogorov-Smirnov; Dis.:
distribution (Box-cox: Box-cox normal, lgN: lognormal); Content: g/kg for TP, TN; % for TOC.

The C.V. value was usually used for describing global variability. Generally, it exhibited weak
global variability if less than 0.1, moderate global variability if ranging from 0.1 to 1, and strong global
variability if larger than 1 [35]. In this study, TN, TOC and TP had C.V. values of 0.63, 0.74 and 0.15,
respectively, indicating moderate global variability. One would expect that the elements dominated
by a natural source may have a low C.V., while the C.V. values of those influenced by anthropogenic
sources would be quite high [36,37]. Therefore, the TN, TOC and TP in the surface sediments of Nansi
Lake have been influenced by anthropogenic activities.

The sediments quality guidelines (SQGs) issued by the Ministry of Environment and Energy,
Ontario, Canada specified three sediments pollution levels that could be expected to result in different
potential effects (i.e., no effect level, the lowest effect level and severe effect level) [38]. The bulk
sediments that have nutrient contents below or at the lowest effect levels (0.55 g/kg, 0.6 g/kg and
1% for TP, TN and TOC, respectively) can be regarded as “unpolluted or only marginally polluted”;
sediments contents that range between the lowest and the severe effect levels (4.8 g/kg, 2 g/kg and
10% for TP, TN and TOC, respectively) correspond to “moderately polluted”, and those at or above the
severe effect levels indicate “heavily polluted”. When compared with the Ontario SQGs, about 75%
(TP), 95% (TN) and 80% (TOC) of the samples from Nansi Lake fell into the range between the lowest
and the severe effect levels. That is, the pollution risk of Nansi Lake was probably due to the contents
of TN, TP and TOC in the surface sediments, which may also threaten the health of sediments-dwelling
organisms [38].
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3.2. Semi-Variance Analysis and Spatial Distribution of Nutrients

The semi-variogram models and their best-fitted parameters were given in Table 2 and Figure 2.
A spherical model was applied to fit the spatial structure of most indexes in sediments except TP (with
an exponential model). The nugget-to-sill ratio, as a rough guideline, was widely applied to define
distinctive features of spatial dependence for the variables [39–41]. The value of the nugget-to-sill ratio
for TP, TN, TOC and Org-index were 0.45, 0.31, 0.51 and 0.56, respectively. The variable is considered to
have a strong spatial dependence if the value of the “nugget-to-sill” ratio is less than 0.25, a moderate
spatial dependence if the value is between 0.25 and 0.75, and a weak spatial dependence if the value is
greater than 0.75. Variables that are strongly spatially dependent are controlled by intrinsic factors such
as soil texture, while weak spatial dependence may be controlled by extrinsic factors such as human
activities in agriculture, industry and aquaculture [42]. The semi-variograms obtained in this study
implied the existence of weak spatial dependence for all the indexes, indicating that both intrinsic and
extrinsic factors could influence the spatial dependence of nutrients in the surface sediments of Nansi
Lake. This was also confirmed by the previous studies [4,5,7,9,43].

Table 2. Parameters of semivariagram models for studied variables.

Model Range Nugget Sill Nugget-to-Sill

TP Exponential 26,819 2.83 6.28 0.45
TN Spherical 32,619 0.029 0.093 0.31

TOC Spherical 27,717 0.054 0.11 0.51
Org-index Spherical 29,517 0.19 0.35 0.56

Water 2017, 9, 444  6 of 12 

 

3.2. Semi-Variance Analysis and Spatial Distribution of Nutrients 

The semi-variogram models and their best-fitted parameters were given in Table 2 and Figure 2. 
A spherical model was applied to fit the spatial structure of most indexes in sediments except TP 
(with an exponential model). The nugget-to-sill ratio, as a rough guideline, was widely applied to 
define distinctive features of spatial dependence for the variables [39–41]. The value of the nugget-
to-sill ratio for TP, TN, TOC and Org-index were 0.45, 0.31, 0.51 and 0.56, respectively. The variable 
is considered to have a strong spatial dependence if the value of the “nugget-to-sill” ratio is less than 
0.25, a moderate spatial dependence if the value is between 0.25 and 0.75, and a weak spatial 
dependence if the value is greater than 0.75. Variables that are strongly spatially dependent are 
controlled by intrinsic factors such as soil texture, while weak spatial dependence may be controlled 
by extrinsic factors such as human activities in agriculture, industry and aquaculture [42]. The semi-
variograms obtained in this study implied the existence of weak spatial dependence for all the 
indexes, indicating that both intrinsic and extrinsic factors could influence the spatial dependence of 
nutrients in the surface sediments of Nansi Lake. This was also confirmed by the previous studies 
[4,5,7,9,43]. 

Based on the semi-variance analysis, the geochemical map illustrating the distinct zones of lower 
or higher contents of nutrients in the surface sediments of Nansi Lake was shown in Figure 3. On the 
whole, most of the TN and TOC contents reached four times as high or higher and twice as high or 
higher than the background values except the Zhaoyang sub-lake. As to TP, Nanyang, Dushan and 
most part of the Weishan sub-lakes reached as high as 1–1.5 times than the background value. The 
contents of TN and TOC in most parts of the Dushan sub-lake and south part of the Weishan sub-lake 
even reached 4–8 times and 2–6 times higher than the background values, moreover, their spatial 
distributions were remarkably similar over a large area, with the patches (representing relatively high 
contents) appeared in the same area. 

 
Figure 2. Isotropic semi-variograms of nutrients and its pollution evaluation indexes, |h| stands for 
the lag distance between sampling sites, ( )hγ  stands for semi-variogram value. 

Table 2. Parameters of semivariagram models for studied variables. 

 Model Range Nugget Sill Nugget-to-Sill 
TP Exponential 26,819 2.83 6.28 0.45 
TN Spherical 32,619 0.029 0.093 0.31 

TOC Spherical 27,717 0.054 0.11 0.51 
Org-index Spherical 29,517 0.19 0.35 0.56 

Figure 2. Isotropic semi-variograms of nutrients and its pollution evaluation indexes, |h| stands for
the lag distance between sampling sites, γ(h) stands for semi-variogram value.

Based on the semi-variance analysis, the geochemical map illustrating the distinct zones of lower
or higher contents of nutrients in the surface sediments of Nansi Lake was shown in Figure 3. On the
whole, most of the TN and TOC contents reached four times as high or higher and twice as high
or higher than the background values except the Zhaoyang sub-lake. As to TP, Nanyang, Dushan
and most part of the Weishan sub-lakes reached as high as 1–1.5 times than the background value.
The contents of TN and TOC in most parts of the Dushan sub-lake and south part of the Weishan
sub-lake even reached 4–8 times and 2–6 times higher than the background values, moreover, their
spatial distributions were remarkably similar over a large area, with the patches (representing relatively
high contents) appeared in the same area.
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3.3. Assessment of Sediments Pollution

The mean contents of TP, TOC and TN showed minor enrichment (1.13), minor enrichment (2.50)
and moderately severe enrichment (5.40), respectively, and the enrichment factor decreased in the
order of TN, TOC and TP. TN reached to moderate enrichment at 30th, and 65th percentile for TOC.
The semi-variogram models and their best-fitted parameters for the Org-index were employed to
determine the spatial variation by the Ordinary Kriging Method. The classification of the Org-index
was used in mapping the distribution of the sediments organic pollution level of Nansi Lake (Figure 4).
The spatial distribution of Org-index showed that most parts of the Dushan sub-lake were moderately
or heavily polluted, and the vicinity of the Weishan island was moderately polluted, while the other
parts of Nansi Lake were in a practically unpolluted state. Those polluted areas should be identified as
priority regions for environmental monitoring and management in the future.

3.4. Identification of Pollution Sources

3.4.1. Principal Component Analysis

The results of PCA for TN, TP, TOC and other element contents (Cd, Hg, Pb, Ti, V, Cu, Zn, Fe2O3,
Al2O3, As, Cr) were presented in Table 3. It was indicated that the PCA classified the initial dimension
of dataset into four components, which explained 88.55% of the data variation. The first principal
component (PC1) explained 38.53% of the total variance, and was loaded highly by Ti, V, Cu, Zn, Fe2O3,
Al2O3 and Cr (0.78, 0.92, 0.76, 0.75, 0.89, 0.89 and 0.92, respectively); the second principal component
(PC2) accounted for 25.34% of the total variance loaded highly by TOC, TN and Hg (0.96, 0.97 and 0.79,
respectively); the third principal component (PC3) contributed to 16.82% of the total variance loaded
highly by Cd, Pb and As (0.72, 0.66 and 0.84, respectively); the fourth principal component (PC4) took
7.85% of the total variance loaded highly by TP (0.91).
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Table 3. Principle component analysis (PCA) for elements in the surface sediments of Nansi Lake.

Variable
Principle Loading Factors

Communalities
PC1 PC2 PC3 PC4

TN −0.10 0.97 0.06 0.11 0.96
TOC −0.09 0.96 0.07 0.07 0.95
TP −0.14 0.34 0.02 0.91 0.96
Cd 0.01 0.59 0.72 0.17 0.89
Hg 0.05 0.79 0.15 0.38 0.79
Pb 0.46 0.21 0.66 0.08 0.71
Ti 0.78 −0.52 −0.07 −0.06 0.90
V 0.92 −0.21 0.21 −0.07 0.94

Cu 0.76 0.24 0.31 −0.04 0.73
Zn 0.75 0.14 0.56 0.19 0.92

Fe2O3 0.89 −0.03 0.36 −0.09 0.93
Al2O3 0.89 −0.37 −0.03 −0.12 0.95

As 0.33 −0.07 0.84 −0.10 0.83
Cr 0.92 0.11 0.27 −0.03 0.93

Eigenvalue 5.39 3.55 2.36 1.10 -
%Totalvariance 38.53 25.34 16.82 7.85 -

Cumulative%variance 38.53 63.87 80.69 88.55 -

Notes: PC1 first principle component; PC2 second principle component; PC3 third principle component; PC4 fourth
principle component; -: Not available.

3.4.2. Cluster Analysis

According to cluster analysis, the contents of elements in sediments were Z-score standardized,
and the Euclidean distance for similarities among variables was calculated. Then hierarchical
clustering was performed on standardized data applying between-groups linkage (Figure 4).
The results showed four statistically significant clusters: (1) TOC-TN-Hg, (2) Cd-Pb-As, (3) TP and (4)
Al2O3-V-Ti-Cr-Fe2O3-Zn-Cu.
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3.4.3. Sources Identification

The first principle components showed that Ti, V, Cu, Zn, Fe2O3, Al2O3 and Cr could be considered
to have lithogenic control, as Fe2O3, Al2O3 and Ti were inert in the migration process and the main
components of the rock for mining minerals. Ni and Cr are frequently derived from the weathering of
the parent material and subsequent pedogenesis [44], which indicated that their contents in the surface
sediments might be controlled by the parent rock composition. This was also proved by the previous
research [8].
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The second principle component loaded highly by TOC, TN and Hg. The sources of organic matter
were usually predicted based on the total organic carbon and nitrogen ratio in the sediments. When
TOC/TN > 10, the organic matter mainly comes from exogenous sources; when TOC/TN < 10, it is
mainly endogenous organic matter; when TOC/TN ≈ 10, it reaches a balance between allochthonous
and autochthonous sources [27,45]. The mean value of TOC/TN reached 10.44 in this study, which
indicated that a part of the sediments organic matter of Nansi Lake may come from endogenous sources.
Besides, Hg showed moderate pollution according to the previous research [8], which suggested that
this principle component was related to anthropogenic inputs. The areas where geo-accumulation
index >1 ( moderate or even severe polluted) for Hg mostly distributed in Dushan and Weishan
sub-lakes, mainly caused by the discharge of inefficiently treated wastewater and unfiltered air
pollutants emission [8]. The relatively low sediments nutrients in most parts of the Zhaoyang sub-lake
may be attributed to the second dam retaining nutrients flowing from the upper lake to the lower
lake. With the consideration that the agricultural practices contributed little to the Hg contents, the
industrial discharge may be the common source of Hg. Moreover, TN and TOC were considered as the
main organic pollutants in domestic and industrial wastewater [46]. There were three largest industrial
cities (Jining, Yanzhou and Zoucheng) located in the northern part of Nansi Lake, and many iron and
steel industries distributed in the southern part of the Weishan sub-lake. Therefore, we confirmed
that wastewater discharge (papermaking, metallurgy as well as coals mining and washing) was the
important source of TOC and TN.

The third principle component was dominated by Cd, Pb and As. The mean contents of Cd, Pb
and As were 2.96, 1.91 and 2.36 times the background value, respectively, linking to an effect from
human inputs [8]. The fourth principle component was dominated by TP. According to the spatial
distribution conducted by Wang et al. [8], Cd, Pb and As had similar distribution with TP. The contents
of Cd, Pb, As and TP in the inflow areas of the Dongyu River, Xizhi River and most parts of the
Weishan sub-lake were high (Figure 3). There were many farmland, aquacultural and paddy field
areas located in the western part of the Weishan sub-lake (Li et al., 2012) (Figure 1). Local famers
usually applied a lot of chemical fertilizers, pesticides and cattle slurry containing As, Cd and Pb
in agricultural activities to increase production and improve economic profits. It was deduced that
the runoff and soil erosion coming from agricultural lands to lakes flowing through Heze city may
be the main sources. Besides, the high TP contents in Dushan and Weishan sub-lakes may also be
caused by the aquacultural activities as a large portion of these areas were developed for aquaculture
(Figure 1). The high TP contents in the Nanyang sub-lake may be attributed to the usage of the
detergent containing phosphorous by the people living in Jining. Consequently, it seemed reasonable
to conclude that TP may originate mainly from agricultural, aquacultural activities and domestic
sewage discharge.

4. Conclusions

The contents of studied nutrients took on different spatial variations and pollution levels in
the surface sediments of Nansi Lake. The enrichment degree of nutrients increased in the order
of TP, TOC and TN, and the mean contents of TP, TN and TOC were 1.13-, 5.40- and 2.50- fold
higher than their background values, respectively. According to the pollution status assessed by the
EF and Org-index, the pollution level of TN and TOC in the surface sediments of Nansi Lake was
more serious than the TP. The moderately or heavily polluted areas only appeared in most parts of
Dushan and Weishan sub-lakes. The relatively low sediments nutrients in most parts of the Zhaoyang
sub-lake may be attributed to the second dam retaining nutrients flowing from the upper lake to
the lower lake. Combined with the principle component and cluster analysis, we deduced that the
anthropogenic TN and TOC were mainly from industrial sources coming from enterprises distributed
in Jining, Yanzhou and Zoucheng, and iron and steel industries distributed in the southern of the
Weishan sub-lake, whereas TP mainly originated from agricultural, aquacultural and domestic sewage
sources. In a word, Dushan and Weishan sub-lakes should be identified as the priority regions for
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environmental monitoring and management, and the local government should supervise the industrial
activities of Jining, Yanzhou and Zoucheng, the agricultural activities of Heze city and Weishan island,
the aquacultural activities occurred in Dushan and Weishan sub-lakes as well as the domestic sewage
discharge of Jining city.
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