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. using the geoaccumulation index (Igeo) and potential ecological risk index to evaluate the heavy metal

Key Words: ) pollution in Tangxun Lake. Results reveal that the nutrient content in the surface sediment of Tangxun
Tangxun lake sediment Lake decreases as depth increases. The maximum concentrations of TN and TP in the surface layer
Nutrients reach 0 cm to 6 cm in depth, and different pollution levels of heavy metals are detected in the
Heavy metals sediments. The heavy metal contents along the vertical direction are similar, and the degree of pollution
Environmental risk . exhibits the following order: Cd > As > Zn > Cu > Cr > Pb. The potential ecological harm index is
evaluated, and the following ecological risk degree of heavy metals is obtained: Cd > As > Pb > Cu >

Cr > Zn. Multivariate statistical analyses suggest that Pb, Cu, Cr, and Zn are mainly from natural

sources, Cd and As are from anthropogenic sources, and TN and TP are from urban sewage and

fisheries. This study provides significant insights into the pollution treatment of Tangxun Lake in China.

INTRODUCTION face sediments greatly affects the eutrophication of lake

) ) o o o water body and sediment, which may become a dominant
China has experienced rapid industrialization, urbanization,  factor of eutrophication over time. Nutrient enrichment se-
and agricultural modernization. With rapid industrializa- verely degrades aquatic ecosystems and impairs the use of
tion and urbanization, heavy metals highly accumulate in  \y4¢er for drinking, industry, agriculture, recreation, and

soil, water, sediment, street dust, and organisms in urban  ther purposes. Eutrophication caused by N and P over-
areas (Chaudhari etal. 2012, El-Hasan etal. 2002, Houetal.  eprichment is a widespread problem in rivers, lakes, and

2013, Huetal. 2013, Liet al. 2013, Wei etal. 2010). Urban  regervoirs (Varol et al. 2012).
lakes, including those scattered in satellite city areas sur-
rounding the central city, are mainly located in built-up
areas with high population density (Yang et al. 2015). Ur-
ban lake environment is closely related to the quality of the
urban environment and implicated in climate regulation,
ecological balance maintenance, and lake environment
quality. The improvement of lake environments is also an
important factor affecting sustainable urban development
(Chowdhury et al. 2013, Li et al. 2014). However, urban and
suburban lakes, such as Chaohu Lake in Anhui Province,

The effects of metals on sediment quality in individual
lakes have been well documented. Most heavy metals loaded
in aquatic ecosystems are associated with sediments, espe-
cially bottom sediments (Wang et al. 2015, Zahra et al.
2014). Sediments contaminated with heavy metals enter
aquatic environments through several pathways, including
atmospheric deposition, industrial activities, and agricul-
tural activities (Tang et al. 2010). In aquatic systems, heavy
metals exhibit a high affinity for particulate matter and thus

. . ; . accumulate in surface sediments (Sundaray et al. 2011, Wang
Dianchi Lake in Yunnan Province, and Hangzhou West etal. 2015). In aquatic systems, heavy metals exhibit a high

Lake, are severely polluted to varying degrees (Cheng et al. affinity for particulate matter and thus accumulate in sur-

2015a). With the continuous monitoring of exogenous pol- ¢, . (& qiments (Lalah et al. 2008, Li et al. 2013). Heavy
lution, endogenous pollution has been considered a rel-

; 3 . metals in urban sediments may have originated from indus-
evant factor influencing the lake water body environment.

trial discharge, traffic emission, and municipal wastes.
The presence of TN and TP in the nutrient cycle of sur-  Sediments can accumulate heavy metals even at low con-
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centrations in aquatic environments (Yang et al. 2014,
Christophoridis et al. 2009). Lake sediment data can indi-
cate the source, migration episodes, and transformation pat-
terns of various pollutants caused by industrial production
and human activity. Therefore, the ecological effects of
heavy metals on sediments have been extensively investi-
gated.

The distribution of heavy metals in urban lakes should
be monitored and its relationship with the regional devel-
opment of China should be compared. Moshui Lake in
Wuhan is selected in this study (Liu et al. 2008). Tangxun
Lake, which is the largest urban lake in China and bound-
ary to growing industries, is chosen as a case study to under-
stand the effects of human activities and industrialization
on the ecosystem around the sampled points. This research
is conducted to examine the surface sediment in Tangxun
Lake in Wuhan City by conducting a layered test of pollut-
ant contents (total nitrogen, total phosphorus, and heavy
metals) and analyzing the extent of eutrophication and sedi-
ment heavy metal pollution status. Correlation analysis and
principal component analysis (PCA) are also performed to
identify the sources of heavy metals in surface sediments
from Tangxun Lake. This study provides a technical basis
for the mechanism research and ecological protection of
Tangxun Lake.

OVERVIEW OF THE STUDY AREA

Wuhan is the largest city in central China, a megalopolis in
the Yangtze River Basin. The city contains abundant fresh-
water resources. Tangxun Lake is located in the southeast
of Wuhan (114°15' to 114°35' E, 30°30' to 30°22' N) (Fig.
1). In 2010, it has become the biggest urban lake in China.
The water area of this lake is 47.62 km?, and the storage
capacity is 1.15 x 108 m? (Lv et al. 2011). The lake consists
of 11 other lakes, and more than 70% belong to Jiangxia
District and the rest are in the high-tech development dis-
trict and Hongshan district. It is a backup source of drinking
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Fig. 1: Distribution of sampling sites in Tangxun Lake.
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water and the largest pristine lake in Wuhan. It occupies
36.2% of the 39 lake area of the central urban area. The
average water depth is 1.85 m. As such, this lake is described
as typical shallow.

Tangxun Lake has a subtropical humid monsoon cli-
mate. Topography belongs to monadnock alluvial plains of
rivers and lakes, terrain is lying flat, rainfall is plentiful, rain
and heat are in the same season, and plenty of sunshine and
rainfall occurs in June and August. The annual average,
extreme high and extreme low temperatures are 16.9, 42.2,
and -18.1 °C, respectively. The average pH is 8.21. The
water quality of the Tangxun Lake has deteriorated as infe-
rior V class in 2014, belonging to the area within the scope
of the typical lakes. Thus, a study on the cause of water
deterioration, governance feasibility, and restoration im-
plementation is urgently needed.

Tangxun Lake has two parts, and four sampling points
located using Google Earth software were set. Sediment sam-
ples were collected in mid-June 2015. Table 1 shows the
position of the sampling points and the environment nearby,
and Fig. 1 illustrates the sample distribution.

MATERIALS AND METHODS

Sample collection and pretreatment: The vertical profile
samples of sediment were placed into the polyethylene bar-
rels using the sampler without gravity disturbance. Sam-
pling tube ends were closed using a plastic cover to reduce
the mud sample contact with air, and samples were taken
back to the lab. Each cylindrical sample is about 20 cm with
a diameter of approximately 5 cm, and columnar sample
stratification intervals from top to bottom were 3, 3,5, and 5
cm. Each sample was subjected to precipitation, natural air
drying, debris removal, and agate bowl grinding and sieving.
Using four-point sampling, a part of the sample was placed
in a sealed bag and left to stand, whereas the other part of
the sample was refrigerated at 4°C for storage and use in
later experiments.

Experiment methods and instrument analysis: The indi-
cators of the nutrient analysis: TN and TP were determined
using the semi-micro kelvin and perchloric acid-sulphuric
acid methods, respectively.

Test project of heavy metal: All samples, including Cd, As,
Cu, Zn, Pb, and Cr, were analysed using inductively cou-
pled plasma mass spectrometry (ICP-MS) after microwave
acid digestion with concentrated HNO,-HCI-HF-HCIO,
(Cuong et al. 2006, Ra et al. 2011).

RESULTS AND ANALYSIS

Vertical Analysis of the Surface Sediment Nutrient
Content from Tangxun Lake
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Table 1: The basic information of the sample points.
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Sample point Longitude Latitude Environment nearby

A 114°20°18.68" 30°24°44.92" Fishing village

B 114°20°12.39" 30°26°11.58" Entrance of the patrol
C 114°23°40.74" 30°26°11.02" Entrance of the canal
D 114°22°45.94" 30°24°24.27" Residential areas

Analysis of total nitrogen: According to the four-sample-
point data, the TN content in the surface sediment of
Tangxun Lake fluctuated between 1500 and 3000 mg/kg,
and the average TN of all the samples was 2093.13 mg/kg.
This value is below the TN content in Wei Mingrong’s re-
ports on Wuhan South Lake sediment (Wei et al. 2010). In
the vertical direction, the highest TN content of samples A
and C appeared at 3 cm to 6 cm, respectively, between 2990
and 1870 mg/kg. For samples B and D, the highest TN con-
tent appeared at O cm to 3 cm, respectively, between 2640
and 2360 mg/kg. According to Fig. 2, the TN content is
maximum at O cm to 6 cm fluctuations. Moreover, the N
content was significantly higher than at the bottom 6 cm to
16 cm. As the sediment depth increased, the N content gradu-
ally decreased then stabilized.

Analysis of total phosphorus: The TP content in the four
samples fluctuated between 400 and 1200 mg/kg, and the
mean TP content of the samples was 716.46 mg/kg, which is
similar to that described by Jianxin Wang (2013) where the
TP is between 674 and 820 mg/kg (Wang et al. 2013). Ac-
cording to Fig. 3, in addition to column A, the maximum TP
contents of B, C, and D three-column samples appeared at 3
cm to 6 cm, respectively, with values of 1156.49, 371.50,
and 589.83 mg/kg. However, the high TP content of col-
umn A appeared at 0 cm to 3 cm in the surface, and the value
was 1119.62 mg/kg. The average TP contents of samples A
and B were 809.12 and 860.55 mg/kg, which were signifi-
cantly higher than that of points C (663.57 mg/kg) and D
(532.58 mg/kg). These results showed that the sediment TP
pollution nearby sample points A and B was more severe
than in other sites.

Figs. 2 and 3 illustrate that both TN and TP contents
gradually decrease with increasing depth, indicating that
the Tangxun Lake has suffered severe pollution in recent
years. The average TN and TP contents of sediments A and
B were higher than that of sediments C and D, suggesting
that contaminants are greater in the outside lake than in the
inside lake, which has great relation to developments and
aquaculture in the neighbouring areas in the coming years.
Donghua Yang (2009) evaluated the present eutrophication
status of Tangxun Lake by using the trophic status index in
2009 and concluded that the water eutrophication in

Tangxun Lake is mesotrophic and nutrient salt in the lake
mainly comes from aquatic farms and high-density residen-
tial zones (Yang et al. 2009). According to government data,
the fish-farming area is 10.27 km?, which accounts for about
21.57% of the lake area. Moreover, 5000 t fish feeds with
TN and TP were thrown in the lake to increase the produc-
tion per year. Assuming that the utilization rate is 50%.
Thus, 2500 t fish feeds and fish excrements sank to the lake
bed. Feeds and excrements contain large amounts of N and
P and consequently cause severe lake bed pollution.

Assessment of the Present Status of Heavy Metal Pollution

Sediment, as one of the water ecosystem components, acts
as a reservoir of heavy metals. Hence, it can reflect the status
of water polluted by heavy metals (El-Sayed et al. 2015).
Numerous indices have been developed to assess the envi-
ronmental risk of heavy metals in lake surface sediment
based on the total content, bioavailability, and toxicity
(Yang et al. 2009). Ecological risks posed by heavy metals
in sediments include enrichment factor (EF), pollution load
index (PLI), and geoaccumulation index (Igeo), which fur-
ther elucidate the heavy metal contamination status and
risk in lake sediments (Asa et al. 2013, Guo et al. 2015,
Tiwari et al. 2013). The geoaccumulation index by German
scholar Muller and the potential ecological risk index (PERI)
by Hakanson were applied in this study to evaluate the
present status of heavy metal pollution and potential eco-
logical risk of Tangxun Lake.

Heavy metals in lake sediment: The concentrations of
heavy metals in different depth surface sediments of the
Tangxun Lake are summarized in Fig. 4. The concentration
of metals at O cm to 10 cm was higher than that reported by
Shengying Qiao (Qiao et al. 2007). This study indicated
that the heavy metal concentrations in the surface sediment
in Wuhan urban lake were higher than the recorded values
of heavy metals in previous reports (Table 3). This was es-
pecially true for the cases of Cd and As, which were 2.4 and
1.9 times higher than their recorded values, respectively.
Compared with the corresponding recorded values in
sediments from the Tangxun Lake, the degree of enrich-
ment of the six heavy metals decreased in the order of Cd >
As>7Zn>Cu> Cr>Pb. The contents of heavy metals in the

Nature Environment and Pollution Technology ® Vol. 15, No. 4, 2016
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Table 2: Classes of geoaccumulation index and description of sedi-
ment quality.

Index Value Class Description of sediment quality

Igeo < 0 0 Uncontaminated

0<lIgeo< 1 1 Uncontaminated to moderately
contaminated

1 <lIgeo <2 2 Moderately contaminated

2 <lIgeo<3 3 Moderately to strongly contaminated

3 <Igeo <4 4 Strongly contaminated

4<Igeo< 5 5 Strongly to extremely contaminated

Igeo > 5 6 Extremely contaminated

Table 3: The background value of heavy metals in Wuhan lake (mg/
kg).

Metal Cd Zn As Cu Pb Cr

Content 0.2 79 143 322 345 88

sediments increased at different levels, showing the vary-
ing degrees of heavy metal pollution in recent years.

The assessment and result of index of geo accumulation:
Igeo or Muller index takes into account the impact of natu-
ral geological process and human activities on heavy metal
contamination. Igeo is a common criterion used for quanti-
fying the intensity of heavy metal contamination in terres-
trial, aquatic, and marine environments (Ozkan et al. 2012,
Tijani et al. 2009). Therefore, the index does not only re-
flect the natural evolving process of the distribution of heavy
metals but also determines the human impact on the envi-
ronment, which is the major parameter to distinguish the
influence of human activities. Igeo was estimated using the
following formula:

C,
Igeo = Log, |:15}3}

i

Where C, is the measured concentration of heavy metal
in sediments, and B, is the geochemical background con-
centration of the same metal in average scale. The factor 1.5
is introduced to minimize the effect of possible variations
in the background values which might be attributed to
lithological variations in the sediments (Hu et al. 2013).
The degree of heavy metal contamination in lake sediments
was determined based on the Igeo classes (Table 2).

In general, the average elemental composition of the
data acquired from sampled area in the surveyed lake should
be compared with reference values. Hence, the recorded
values in Wuhan Lake were used as reference point (Table
3). The reference point data were obtained from the Geo-
logical Survey Institute of Hubei Province (Wuhan
Geochemistry Survey Department).
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Fig. 3: The vertical distribution of total phosphorus of
column sample.

In Table 4, Igeo, and a series of Igeo in each sampling
site, the contents of heavy metals from the sediment vary
widely in different regions. Pb was absent in sample point
A, and the Igeo accumulation of Cu, Zn, and Cr was 1 N-
Mod, whereas Cd and As reached to moderate pollution. In
the entrance of Xunsi River (sample A), the Igeo accumula-
tion of Cu, Cr, and Pb was 1 N-Mod, whereas that of Zn and
Cd was 2, indicating moderate pollution. No pollution was
recorded in the entry of Hongqi Qu except As and Cd with
an Igeo of 1. In the residential area, the Igeo accumulation
values were all 1 but were null for Pb.

The heavy metals in the sampled sediment showed little
variation with depth, and this was the case with all other
sampled points. The degree of pollution based on the analy-
sis is in the following order: Cd > As >Zn > Cu > Cr > Pb.

Potential ecological risk assessment of heavy metals and
results: Heavy metal PERI evaluation method proposed in

Vol. 15, No. 4, 2016 e Nature Environment and Pollution Technology
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Table 4: 1 _and series of 1 in each sampling site (mg/kg).
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Sample Layers Cu Zn Cd Cr Pb As
number (cm) Igeo Class  Igeo Class  Igeo Class Igeo Class Igeo Class Igeo Class
Al 0-3 0.13 1 0.53 1 1.11 2 0.17 1 -0.13 0 1.09 2
A2 3-6 0.22 1 0.60 1 0.95 1 0.08 1 -0.13 0 1.11 2
A3 6-11 0.07 1 0.99 1 1.16 2 -0.28 0 -0.08 0 0.73 1
A4 11-16 0.42 1 0.85 1 1.71 2 0.03 1 0.26 1 1.00 2
Bl 0-3 0.48 1 1.55 2 1.37 2 0.11 1 0.21 1 0.98 1
B2 3-6 0.30 1 1.25 2 1.22 2 0.07 1 0.01 1 0.82 1
B3 6-11 0.39 1 1.46 2 1.32 2 0.23 1 0.12 1 0.97 1
B4 11-16 1.07 2 1.69 2 1.92 2 0.47 1 0.71 1 1.32 2
Cl 0-3 -0.24 0 0.46 1 2.42 3 -0.11 0 -0.12 0 1.05 2
C2 3-6 -0.49 0 -0.13 0 0.73 1 -0.32 0 -0.45 0 0.70 1
C3 6-11 -0.32 0 -0.14 0 0.24 1 -0.33 0 -0.42 0 0.75 1
Cc4 11-16 -0.47 0 -0.06 0 0.65 1 -0.30 0 -0.39 0 0.96 1
DI 0-3 0.15 1 0.49 1 0.94 1 0.08 1 -0.17 0 0.92 1
D2 3-6 0.07 1 0.40 1 0.88 1 -0.03 0 -0.23 0 0.88 1
D3 6-11 0.04 1 0.37 1 1.31 2 -0.07 0 -0.29 0 0.83 1
D4 11-16 0.10 1 0.42 1 0.94 1 0.04 1 -0.26 0 0.84 1

Table 5: Toxicity coefficient of heavy metal () and Reference ratio
(ch.

Element Cd Zn As Cu Pb Cr
C' 0.5 80 15 30 25 60
T! 30 1 10 5 5 2

1980 by Hakanson, a Swedish scientist, takes into account
the ecological risk index which makes use of the degree of
enrichment of the heavy metals in sediments relative to the
highest background value of pre-industrial sediments and
the corresponding coefficient of ecological toxicity of
heavy metals-weighted sum. It is calculated as follows:

i
s

T/ x ==
C,

r

E =

m:ia
i=1

Where C'is the measured concentration of element i in
lake surface sediment; Cn" is the local background value of
heavy metals in sediment. The highest background value of
heavy metals in sediment before industrialization; 7' is the
toxicity coefficient of the heavy metal i, which mainly re-
flects the toxicity level of heavy metal and sensitive de-
grees of biological pollution of heavy metals. Table 5 gives
toxicity coefficient of heavy metal (T,_") and reference ratio
(Cn"). Table 6 shows the division standard of heavy metals
in sediment.

Potential ecological hazard assessment results (Table 7)
showed that heavy metals in the sediments of Tangxun Lake

Nature

posed a low risk. Only the ecological risk of Cd at the en-
trance of the river reached a moderate level and spanned
through the other sampled points. The ecological risk coef-
ficient of Cd was higher, suggesting that Tangxun Lake is
heavily polluted with Cd. PERI showed that the ecological
hazard index at the entrance of the patrol division (sam-
pling point) was between 100 and 150, which was the high-
est, whereas other sampling points were between 50 and
100 (low ecological risk). The ranking of the ecological
hazard of heavy metals according to the ecological factor
arrangement of Tangxun Lake is Cd > As >Pb > Cu> Cr >
Zn.

Identification of Sources of the Nutrient and Heavy Metals
in Surface Sediments

The heavy metals in the sediments reflect great danger to
the lives of aquatic animals and humans. Therefore, the
sources of pollution should be analysed and controlled. PCA
and correlation analysis were conducted to evaluate the
extent of heavy metal contamination in the study area
(Facchinelli et al. 2001, Yi et al. 2011). The results revealed
that heavy metals were provided by Xunsi River because
Tangxun Lake is downstream of the river. Heavy metals
may have also been produced by the active and uncon-
trolled industrial waste dumps from the cement factory up-
stream of the lake. SPSS software and Pearson’s correlation
analysis were carried out to determine the relationship
among the heavy metal, TN, and TP contents, and PCA was
performed to determine the most common pollution sources.

Correlation analysis: Elements exhibiting high correla-
tions may share common sources and analogous behaviour
during transformation and migration under certain physi-

Environment and Pollution Technology ® Vol. 15, No. 4, 2016
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Table 6: Division standard of heavy metals in sediment.

E' Grades of ecological RI Grades of potential ecological

risk of single metal (i) risk of whole lake

E,-i <40 Low risk RI < 150 Low risk

40<E'< 80 Moderate risk 150 d” RI < 300 Moderate risk

80 < Ei< 160 High risk 300 d” RI < 600 High risk

160 < E'< 320 Very high risk RI e” 600 Very high risk

E! > 320 Extremely high risk

Table 7: Potential ecological risk factors (E) and risk indices (RI) of heavy metals in surface sediments from Tangxun Lake.

Sample  Layers E/ RI
number  (cm) Cu Zn Cd Cr Pb As

Al 0-3 8.8 2.1 38.8 5.0 9.5 30.3 94.5
A2 3-6 9.4 2.3 34.8 4.6 9.5 30.8 91.4
A3 6-11 8.5 2.9 40.3 3.6 9.8 23.7 88.9
A4 11-16 10.8 2.7 58.8 4.5 12.4 28.7 117.8
Bl 0-3 11.2 4.3 46.5 4.8 12.0 28.1 106.9
B2 3-6 9.9 3.5 42.0 4.6 10.4 25.3 95.7
B3 6-11 10.5 4.1 44.9 5.2 11.2 28.0 103.9
B4 11-16 16.9 4.8 68.2 6.1 17.0 35.6 148.5
Cl 0-3 6.8 2.0 96.6 4.1 9.5 29.7 148.7
Cc2 3-6 5.7 1.4 29.9 3.5 7.6 23.3 71.4
Cc3 6-11 6.4 1.3 21.3 3.5 7.7 24.0 64.4
Cc4 11-16 5.8 1.4 28.2 3.6 7.9 27.7 74.6
DI 0-3 8.9 2.1 34.4 4.7 9.2 27.0 86.3
D2 3-6 8.4 2.0 33.2 4.3 8.8 26.4 83.1
D3 6-11 8.3 1.9 44 .8 4.2 8.4 25.5 93.0
D4 11-16 8.6 2.0 34.6 4.5 8.6 25.6 84.0

Table 8: Correlation coefficients between different heavy metal elements in sediment from Tangxun Lake.

TN TP Cu Zn Cd Cr Pb As
TN 1
TP 0.595% 1
Cu 0.142 0.046 1
Zn 0.177 0.311 0.864%* 1
Cd -0.120 0.008 0.380 0.391 1
Cr 0.200 0.130 0.896%* 0.753%* 0.365 1
Pb 0.073 0.059 0.956%* 0.867%%* 0.540% 0.811%* 1
As 0.181 0.031 0.703%* 0.493 0.546%* 0.780%* 0.734%* 1

*Significant correlation at the 0.05 level (two-tailed); **Significant correlation at the 0.01 level (two-tailed).

cochemical circumstances (Wang et al. 2012). Pearson’s
correlation analysis was employed to explore the correla-
tions between heavy metals and nutrients from Tangxun
Lake. The result is shown in Table 8.

Table 8 depicts the correlation coefficient matrix, list-
ing the Pearson product moment correlation coefficients.
Concentrations of TN and TP were insignificantly corre-
lated with any of the studied heavy metals. Concentration
of Cd was insignificantly correlated with TN, TP, Cu, Zn,
and Cr. However, a significantly positive correlation at P <

0.01 was found between several elemental pairs: Cr-As
(0.780), Cu-As (0.703), Pb-As (0.734), Pb-Cu (0.956), Cr-Pb
(0.811), Zn-Cu (0.864), Zn-Pb (0.867), Zn-Cr (0.753), and
Cr-Cu (0.896). Three elemental pairs, TN-TP (0.595), Cd-Pb
(0.540), and Cd-As (0.546), showed a significantly positive
correlation at P < 0.05. Furthermore, a positive correlation
between Zn, As, Cu, Cr, and Pb was observed, suggesting a
common source for these heavy metals. Relatively strong
positive correlations were observed between As, Pb, Cr, Cu,
and Zn, but Cd was insignificantly correlated with these

Vol. 15, No. 4, 2016 ® Nature Environment and Pollution Technology
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Fig. 4: Content of heavy metals in the sediment from Tangxun Lake.

metals (Table 9). As, Pb, Cr, Cu, and Zn were grouped to-
gether, indicating that the anthropogenic sources of these
heavy metals were closely related in the sediments of the
study area, but correlations between Cd and other heavy
metals were very low, suggesting that the pollution sources
of Cd were different from those of the other metals.

PCA: PCA was performed to further assist in the identifica-
tion and analysis of nutrient and heavy metal sources in
surface sediments from Tangxun Lake. PCA has been ap-
plied to determine the degree of pollution by heavy metals
from lithogenic action and anthropogenic sources (Wang et
al. 2012). The results of PCA for heavy metal contents are
listed in Table 9.

According to these results, these factors elucidated a
relatively large extent of the total variance (86.15%) of the
eight variables used in this analysis. As, Pb, Cr, Cu, and Zn
showed a strong association with the first factor (PC1;
56.20%), whereas Cd showed a moderate association, im-
plying that Cd presented a quasi-independent behaviour
within the group. The second factor (PC2) accounted for

20.28% of the total variance with high loading on TN and
TP. The third factor (PC3) correlated strongly with Cd
(0.735), accounting for 9.67% of the total variance. TN and
TP were distributed in PC2, suggesting that some of the TN
and TP may have originated from a common source (e.g.,
fisheries). Accordingly, emissions from anthropogenic
sources have resulted in a large amount of nutrient depos-
ited and accumulated in lake sediments through river flow
or atmospheric deposition (Cheng et al. 2015b). The parent
materials of the sediments might partly control the concen-
trations of Pb, Cr, Cu, and Zn. This result was consistent
with the correlation analysis. However, Cd also showed
moderate loading in PC1 (Table 10), indicating that it may
have its contribution from anthropogenic sources besides
its influence from natural sources.

CONCLUSIONS

The spatial distribution, pollution ecological risk assess-
ment, and nutrient and heavy metal sources in surface
sediments from Tangxun Lake were thoroughly investigated

Nature Environment and Pollution Technology ® Vol. 15, No. 4, 2016
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Table 9: Rotated component matrix for principal component analysis
loading for heavy metals in surface sediments from Tangxun Lake.

Elements Component

PC1 PC2 PC3
TN 0.210 0.858 0.026
TP 0.185 0.846 0.261
Cu 0.950 -0.068 -0.264
Zn 0.876 0.124 -0.149
Cd 0.566 -0.318 0.735
Cr 0.915 0.014 -0.184
Pb 0.957 -0.133 -0.072
As 0.821 -0.106 0.181
Eigen value 4.50 1.62 0.77
% of variance 56.20 20.28 9.67
% of cumulative 56.20 76.48 86.15

in this study to examine the distribution of pollutants in
sediments and pollution condition of Tangxun Lake. The
following conclusions were obtained.

1. In the vertical direction, the maximum contents of TP
and TN in the nutrients are found in the surface layer be-
tween 0 and 6 cm depths. These contents significantly de-
crease as the depth increases from 6 cm. This finding indi-
cates that Tangxun Lake eutrophication has exacerbated
and should thus be the focus of future governance. The con-
tents of Zn, Cu, Cd, Cr, Pb, and As in the sediments of
Tangxun Lake are higher and Zn, Cr, and Cd pollutants are
greater than the background values of elements in urban
lakes in Wuhan City as depth increases.

2. The Igeo values of the sediment analysis revealed
that the degree of heavy metal pollution of Tangxun Lake
is mostly between low and moderate risks. As and Cd near
the small fishing village reach a moderate pollution level,
and Zn and Cd at the entrance of XunSi River yield a mod-
erate pollution level. The degree of pollution exhibits the
following order: Cd > As >Zn > Cu > Cr > Pb. The potential
contamination indices of the sediment samples indicated
that the heavy metal pollution in the sediments of Tangxun
Lake causes a low ecological risk, but the potential eco-
logical hazard coefficients of Cd and As are relatively high
and should thus be extensively investigated. The hazard
degree and ecological risk of various pollutants in Tangxun
Lake are observed in this order: Cd > As > Pb> Cu > Cr >Zn.

3. Correlation analysis and PCA revealed that heavy
metals in the surface sediment of Tangxun Lake may origi-
nate from natural and anthropogenic sources. Cd and As
originate mainly from industrial activities, and Cu, Pb, and
Zn are from natural sources. Cd is produced by a mixed
source of anthropogenic and natural processes. The nutri-
ents provided by Xunsi River and fisheries are primary TN
and TP sources for the surface sediment of lake.

Shaolin Zhao et al.

The rate of developmental advancement in the commu-
nity contributes to the devastating ecological challenges in
the environment. As such, drastic measures should be im-
plemented to control the areas with moderate or near-mod-
erate pollution intensity. Wuhan City should enforce strict
policies on the disposal of industrial wastewater and do-
mestic sewage within the community. Industries must em-
ploy a registered environmental analyst to ensure that
wastewater is safe before discharging into lakes, rivers, and
lands. Agricultural non-point source pollution must be con-
trolled to decrease the ecological risks of Cd pollution. In-
dustrial wastewater may be relevant in other industries and
sectors. Hence, wastewater storage and disposal should be
encouraged to reduce environmental pollution or hazards.
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