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Abstract

Heavy metal concentrations in surface sediments of the Dragon Lake were studied based on the

field investigation, sampling, indoor test and statistical analysis. Pollution risk was assessed using

geoaccumulation index (Igco), potential ecological risk index (PERI) and sediment quality guidelines

(SQGs). The enrichment level of heavy metals in surface sediments decreased in the order of
Cd>Zn>Cu>Ni>Pb>Mn. Lo and PERI indicated Cd had the highest biological risk among the six heavy
metals. The concentrations of Cd, Ni and Zn were between threshold effect level (TEL) and probable

effect level (PEL), suggesting adverse biological effect occasionally occurred. Comparing the north and

south of Dragon lake, the north part should be given more attention due to the higher heavy metal

concentrations. The metals (Cd, Zn, Cu, Ni, and Pb) were attributed to anthropogenic sources, including

agriculture, industrial emissions and traffic pollution, whereas Mn was mainly from natural sources.

The results can provide reference for water quality management of Dragon Lake.
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Introduction

Heavy metals have become a worldwide concern
due to their characteristics of toxicity, persistence,
and non-degradability, they are easily accumulated in
environmental medium, and pose a threat to human
health through the food chain [1-3]. In aqueous
ecosystem, heavy metals derived from both natural (e.g.
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rock weathering and soil erosion) and anthropogenic
sources (such as agriculture, industrial and coal
mining activities, transportation). After entering into
the aquatic ecosystem, only a small portion of free
metal ions remain dissolved, the rest get deposited in
surface sediments [4]. In certain conditions, they can
be released back into the water again posing ecological
risk to aquatic organisms. Thus, sediments not only act
as a carrier of pollutants, but also the potential sources
of contamination in the water itself [5-6]. In the water,
trace amounts of heavy metals such as Zn, Cu, Ni, and
Mn are indispensable for the function of biological
systems, but their over-accumulation can be harmful
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for living creatures. However, other metals such as Pb
and Cd are unnecessary and thus are toxic to the water
ecosystem [7-9]. Therefore, understanding the risk
assessment and their sources in aqueous ecosystem has
become a meaningful research field and lake sediments
are always chosen as an indicator to monitor the
contamination, which could reflect the overall pollution
of heavy metals in aquatic ecosystem.

Bengbu is an important comprehensive industrial
base in northern Anhui province, China. (116°45'"-
118°04'E and 32°43'-33°30'N), which covers a total
area of 5952 km? and has a population of 3.863 million
habitants. The arca belongs to the transitional zone of
subtropics and south temperate zone, with an average
annual temperature 15.1°C. The average annual
rainfall and sunlight amount to about 905.4 mm and
4429.2 h, respectively. Plains account for most of the
area. Dragon Lake is located in the east of Bengbu
main urban area, which is national 4A tourist spot
and national ecological demonstration zone integrated
with leisure, tourism, outdoor sports, popular science,
eco-adventure and other themes. As the largest
urban inner lake in Eastern China, this lake covers
8.4 km? and has the total storage volume of 1.25x107m?3,
originating from the confluence of the channels among
the mountains around Dragon Lake, and flowing
northward into Huai River. The functions of Dragon
lake include sightseeing, aquaculture, flood control and
regulating climate. However, with the development of
the urbanization and dramatic growth of population in
this area, Dragon Lake has been polluted at a certain
degree, especially in the lakeshore area, which caused
negative environmental effects. In recent year, a few of
studies processed on the level of water eutrophication,
monitoring and evaluation of water quality in Dragon
Lake [10-11]. Nevertheless, similar work related to the
pollution of heavy metals in surface sediments has
not been processed. Therefore, in this paper, a total
of 22 representative sampling sites have been chosen
along the lakeshore and the content, ecological risks
level and source identification of heavy metals have
been conducted. The main goal of this study are to: (1)
investigate the concentrations of cadmium (Cd), copper
(Cu), lead (Pb), zinc (Zn), nickel (Ni), and manganese
(Mn) in surface sediments of Dragon Lake; (2) assess
the ecological risk of heavy metals; (3) identify the
natural and anthropogenic sources of the heavy metals
using multivariate statistical analyses.

Material and Methods
Study Area

The study was carried out in Dragon Lake. As can
been seen in Fig. 1, a high bridge on Donghai avenue
crosses this lake, and the part in the north of the
bridge is usually called north lake, and the other part is
south lake. South lake is relatively in the undeveloped

condition, marsh and fishing villages as the main land
around the lakeshore. Compared to the south lake, north
lake has been completely developed, many communities
and restaurants are located along the lake, anthropogenic
activities in this region increases the potential pollution
risk. Additionally, it is worth mentioning that the well-
known traditional industry zone in Bengbu lies in
the east of the north lake, and therefore, discharge of
industrial wastes cannot be ruled out in this area.

Sediment Sampling and Chemical Analysis

Surface sediments samples were collected from
22 sites along the Dragon Lake (Fig. 1). Each sample
was acquired using peterson grab, then were placed in
the acid-rinsed polyethylene bags and sealed. Global
Position System (GPS) was taken to locate the exact
longitudes and latitudes of each site. All samples were
sent to the laboratory and stored in the freezer for
further analysis.

Before laboratory processing, samples were air-
dried, homogenized, passed through a 100-mesh
sieve and stored in pre-washed glass containers at
room temperature. Afterward, about 0.10 g of milled
surface sediments from each site was put in 100 ml
conical flask containing 6ml aqua regia solution
(HNO,:HCI = 1:3, v/v). The solution kept faint boiling
for 2 h on an electric heating thermostat. The above
step of acid digestion was repeated until the mixture
was evaporated to semi-dryness. All extracts were
transferred to 50 mL volumetric flasks with slow filter
paper. After filtration, a small amount of nitric acid
solution was used to clean glass funnel, conical flask
and filter residue at least three times to ensure that the
residues were into the volumetric flasks. In the process,

Anhui Province
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Fig. 1. Location of the study area and sampling sites.
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high purity acids were used in the analysis, glassware
was cleaned and decontaminated in a 5% nitric acid
solution for 24 h and then rinsed with distilled water.

Analytical  processes  were conducted in
experimental center of environmental science, and
heavy metal concentrations were determined by Flame
atomic absorption spectrometry (TAS, Beijing Purkinje
General Instrument Co., China, TAS-990AFG).
Quality control was evaluated using duplicates, blanks,
and sediment reference materials. All samples were
analyzed in triplicate to guarantee the accuracy, and the
relative standard deviations (RSD) were less than 10%.
Recoveries for six heavy metals were between 98.5%
and 103.6%.

Geoaccumulation Index (I, )

This method was proposed by Muller and had
widely used in the study of sediment contamination [12-
15]. This method clearly presented the levels of heavy
metal contamination, with the consideration of
anthropogenic pollution factors and geochemistry
background value, especially the change of background
value caused by diagenesis. This indicator was defined
as follows:

C}’l
1.5B

)
n (M

Looo = log, (

..where C is the concentration of heavy metal (n) in
surface sediments; B, is geochemistry background
value of heavy metal (n); 1.5 is the background value
correction factor due to lithological variations. The
pollution condition in sediments based on I, was
classified into seven levels [16]: Level 0 (Ige0<0,
practically unpolluted); Level 1 (OSIgeo<1, unpolluted
to moderately polluted); Level 2 (lilgeo<2, moderately
polluted); Level 3 (251g60<3, moderately to heavily
polluted); Level 4 (3SIgeo<4, heavily polluted); Level 5
(4<l,.,<5, heavily to extremely polluted); Level 6 (I, >5,
extremely polluted).

Potential Ecological Risk Index (PERI)

The PERI was introduced by Hakanson to
comprehensively assess the ecological risk of heavy

Table 1. Criteria for ecological potential risk of heavy metals.

metals in sediments [17]. This method not only
considered the variations of background value, but
also contained environmental sensitivity and heavy
metal toxicity. PERI was calculated by the following
equations:

i i Ci - i
El=T'x—=L RI=Y"E]

Co i=1 2
..where C, is the concentration of heavy metal i, C, is
the background value of heavy metal i, 7 is the toxicity
coefficient of a certain heavy metal. Based on previously
research, the toxicity coefficients of Cd, Cu, Mn, Ni,
Pb and Zn used in analysis were 30, 5, 1, 5, 5, and 1,
respectively. £ is the potential ecological assessment
coefficent for a certain metal, R/ is the comprehensive
potential ecological risk index. The criteria for ecological
potential risk of heavy metals were presented in Table 1
[18].

Sediment Quality Guidelines (SQGs)

To clearly interpret the relationship between
environmental pollution and adverse biological effect,
SQGs were introduced. The guidelines consist of two
types of limit values, TEL (threshold effect level) and
PEL (probable effect level) [19]. The concentrations
below the TEL represent a better benthic environment,
where adverse biological effects are not expected to
occur. Concentrations higher than PEL indicate serious
pollution, where adverse biological effects occur
frequently. While concentrations between TEL and PEL
stand for adverse biological effect occasionally occur
[20-21].

Statistical Analysis

Independent sample #-test (p<0.05) was conducted
to identify the significant differences of heavy metal
concentrations in surface sediments. Pearson correlation
matrix (PCM), hierarchical cluster analysis (HCA)
and principal component analysis (PCA) were used to
distinguish the sources of heavy metals. All statistical
analyses were performed by SPSS 19.0. Coreldraw 12
was applied for graphic processing.

Ranges of £ Risk grades Ranges of R/ Risk grades
<40 Low <110 Low
40<E <80 Moderate 110 <RI<220 Moderate
80< E <160 Considerable 220<RI<440 High
160<E /<320 High >440 Very high
>320 Very high
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Table 2. Summary statistics of heavy metal concentrations in surface sediments (mg/kg).

Parameters Cd Cu Ni Pb Zn Mn
Minimum 0.01 14.25 15.05 9.47 25.99 215.01
Maximum 5.57 50.92 49.35 74.05 376.02 888.73
Mean 1.27 28.74 30.54 26.95 146.45 428.63
cw 1.07 0.40 0.30 0.56 0.85 0.36
TEL 0.596 35.7 18 35 123 -
PEL 3.53 197 36 91.3 315 -
Background® 0.097 20.4 29.8 26.6 62 530

*CV: variation coefficient; ® Background: the background values of heavy metals in surface sediments from Anhui province.

Results and Discussion SQGs were summarized in Table 2. According to the

background values of heavy metals in Anhui province

Concentrations and Spatial Distribution Patterns [22], the mean concentrations of the heavy metals (Cd,

of Heavy Metals Cu, Ni, Pb, Zn, and Mn) in surface sediments were

1.27, 28.74, 30.54, 26.95, 146.45, and 428.63 mg/kg,

The basic statistics related to the heavy metal respectively; by comparing these values to background

concentrations as well as the background value and concentrations (0.097, 20.4, 29.8, 26.6, 62, and
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Fig. 2. Spatial distribution of the concentrations of heavy metals in surface sediments.
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530 mg/kg, respectively) , it can be seen that Cd content
greatly exceeded the environmental background values.
This finding was consistent with our previous reports in
other regions of Bengbu city [23-24]. The CV reflected
the average variability level of each site, the greater
the CV value was, the more stronger human activities
disturbed. As can be seen from Table 2, the CV of
five heavy metals (Cu, Ni, Pb, Zn, and Mn) ranged
from 30% to 85%, which showed moderate variability.
However, the CV of Cd exceeded 100%, implying
the possible effect of human activities on this metal.
Compared with TEL and PEL, the mean concentrations
of Cu and Pb were lower than TEL value, but the mean
concentrations of Cd, Ni and Zn were between TEL and
PEL, thus the adverse biological effect may occasionally
occur for the latter three metals.

The heavy metal concentrations in surface sediments
showed different spatial distribution patterns (Fig. 2).
The Cd concentrations in sediments were highest at Sl
and lowest at S15-S16. Otherwise, it can be obviously
seen that the contents in the north lake (S1-S10) were

greater than that in the south lake (S11-S22). The Cu
concentrations in sediments were also highest at Sl
and lowest at S17, the higher concentrations occurred at
S2-S3, S5-S6, and S9. The Ni concentrations were
highest at S2 and lowest at S17, being higher at SI,
S3-S6, S8-12, S18, and S22 than at S7, S13-S16, and
S19-S21. The Pb concentrations were highest at SI18
and lowest at S17, they were higher at S1-S5, S7-S9,
and S21 than at S6, S10-S16, S19-S20, and S22. The
abnormal concentration occurred in S18 may be due
to the construction of the ancient dwellings. The Zn
concentrations were highest at S1 and lowest at Sl19,
just like the metal Cd, the contents in the north lake
(S1-S10) were obviously greater than that in the south
lake (S11-S22). The Mn concentrations were highest at
S2 and lowest at S13, and it was another content peak
occurred at S6 except for S2. In order to understand
the difference between the north lake and the south
lake, independent sample #-test was conducted for
the comparison of heavy metal contamination. The
result indicated that Cd (Fig. 2a), Cu (Fig. 2b), Ni

Table 3. I, assessment data of heavy metals in surface sediments and their levels.

I, values L., level
Cd Cu Ni Pb Zn Mn Cd Cu Ni Pb Zn Mn
S1 5.26 0.73 -0.39 -0.04 2.02 -0.66 6 1 0 0 3 0
S2 343 0.33 0.14 0.32 1.38 0.16 4 1 1 1 2 1
S3 3.43 0.57 -0.46 -0.20 1.89 -0.98 4 1 0 0 2 0
S4 3.47 0.00 -0.54 -0.54 1.30 -1.31 4 1 0 0 2 0
S5 4.00 0.72 0.10 -0.01 2.01 -1.32 4 1 1 0 3 0
S6 3.66 0.37 -0.33 -0.66 0.97 -0.01 4 1 0 0 1 0
S7 3.92 0.05 -0.65 -0.17 1.48 -0.87 4 1 0 0 2 0
S8 3.95 0.04 -0.13 -0.44 1.21 -1.04 4 1 0 0 2 0
S9 4.13 0.40 -0.20 -0.36 1.48 -0.74 5 1 0 0 2 0
S10 4.37 -0.21 -0.35 -0.69 1.14 -0.60 5 0 0 0 2 0
S11 2.33 -0.04 -0.40 -0.64 -0.10 -0.90 3 0 0 0 0 0
S12 1.80 -0.26 -0.48 -1.50 -0.79 -1.46 2 0 0 0 0 0
S13 1.71 -0.42 -0.71 -1.26 -1.02 -1.89 2 0 0 0 0 0
S14 0.74 -0.67 -1.00 -1.55 -1.36 -1.63 1 0 0 0 0 0
S15 -3.86 -0.97 -1.37 -1.93 -1.80 -1.42 0 0 0 0 0 0
S16 -3.86 -0.94 -1.15 -1.52 -1.78 -1.13 0 0 0 0 0 0
S17 -0.34 -1.10 -1.57 -2.07 -1.84 -0.83 0 0 0 0 0 0
S18 1.51 -0.29 -0.47 0.89 -0.91 -0.89 2 0 0 1 0 0
S19 -0.78 -1.01 -1.17 -1.77 -1.84 -0.88 0 0 0 0 0 0
S20 0.27 -0.69 -0.82 -1.33 -1.29 -0.95 1 0 0 0 0 0
S21 0.14 -0.77 -1.06 -0.48 -0.95 -0.94 1 0 0 0 0 0
S22 1.75 -0.20 -0.52 -0.84 -0.39 -1.00 2 0 0 0 0 0
Mean 1.86 -0.20 -0.61 -0.76 0.04 -0.97 2 0 0 0 1 0
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(Fig. 2¢), Zn (Fig. 2e), and Mn (Fig. 2f) concentration
in surface sediments had significant variation (p<0.05)
from the two districts. However, it is no significant
variation (p>0.05) for Pb (Fig. 2d) in surface sediments.

I Assessment
geo

The 1 values of the sampling sites are presented
in Table 3. Among the metals, Cd showed the highest
accumulation in the north lake, and the values ranged
from 3.43 (S2, S3) to 5.26 (S1) which belonged to level
4 of heavily polluted sediment samples and level 6 of
an extremely polluted sediment sample. While, in the
south lake, the greatest value occurred in site 11, which
is near Donghai Avenue, human activities take a direct
role to the enrichment. Cd is not an essential element
for life, but a highly toxic environmental pollutant that
has an adverse impact on plants, animals, and human
beings. Application of phosphate fertilization and waste

Table 4. PEPI assessment data of heavy metals in surface sediments.

discharge may be the major anthropogenic sources of
Cd in our study area. Except for S2, S18 (Pb), S5 (Ni),
the L. value of Ni, Pb, and Mn indicated no pollution
in sediments. Zn (mean: I, =0.04) showed no pollution
to moderate pollution due to the contribution of the
higher I value in the north lake, and the I level of
which belonged to level 1 (no pollution to moderate
pollution) to level 3 (moderately to heavily polluted).
All the sites except S10 indicated level 1 of Cu geo-
accumulation in the north lake. Meanwhile, there was
no Cu pollution in the south Lake. In general, Cd
pollution along the Dragon Lake deserves attention,
and the geoaccumulation of Zn and Cu in the north lake
also need concern.

PERI Assessment

PERI assessment results of heavy metals in
sediments are listed in Table 4. £/ and R/ were obtained,

E’
RI
Cd Cu Ni Pb Zn Mn
S1 1722.68 12.48 5.71 7.31 6.06 0.95 1755.19
S2 484.02 9.41 8.28 9.34 3.91 1.68 516.65
S3 484.02 11.12 5.46 6.55 5.55 0.76 513.46
S4 497.94 7.50 5.16 5.16 3.69 0.61 520.05
S5 717.53 12.37 8.06 7.45 6.03 0.60 752.04
S6 569.07 9.70 5.97 4.73 2.93 1.49 593.89
S7 681.96 7.77 4.79 6.69 4.19 0.82 706.22
S8 697.42 7.73 6.86 5.53 3.47 0.73 721.76
S9 788.66 9.90 6.53 5.86 4.18 0.90 816.03
S10 927.84 6.49 5.90 4.64 3.31 0.99 949.17
S11 225.77 7.32 5.68 4.81 1.40 0.80 245.79
S12 156.19 6.27 5.39 2.65 0.87 0.55 171.90
S13 146.91 5.59 4.59 3.14 0.74 0.41 161.37
S14 75.00 4.71 3.74 2.55 0.59 0.48 87.07
S15 3.09 3.83 2.90 1.97 0.43 0.56 12.78
S16 3.09 3.90 3.38 2.61 0.44 0.69 14.10
S17 35.57 3.49 2.52 1.78 0.42 0.85 44.63
S18 128.35 6.12 5.42 13.92 0.80 0.81 155.42
S19 26.29 3.72 3.34 2.19 0.42 0.82 36.78
S20 54.12 4.66 423 2.99 0.61 0.79 67.40
S21 49.48 438 3.60 5.38 0.78 0.78 64.40
S22 151.55 6.52 5.22 4.20 1.15 0.75 169.38
Mean 392.12 7.05 5.12 5.07 2.36 0.81 412.52
Grade Very high Low Low Low Low Low High
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Table 5. Result of correlation analysis.

Cd Cu Ni Pb Zn Mn
Cd 1.000
Cu 0.824™ 1.000
Ni 0.749" 0.805™ 1.000
Pb 0.613™ 0.717" 0.760™ 1.000
Zn 0.872" 0.931™ 0.768" 0.775™ 1.000
Mn 0.379 0.324 0.323 0.345 0.271 1.000

** Coefficient is significant at P<0.01 (two-tailed).

and the pollution degree of the six heavy metals
decreased in the order of Cd>Cu>Ni>Pb>Zn>Mn. Cd
exhibited serious ecological risk, whereas the others had
a low ecological risk. Specifically, all of the sampling
points (S1-S10) for Cd showed very high ecological risk
in the north lake, and the highest £’ appeared in S1
(£ =1722.68 ). While, in the south lake, one site (S11)
presented high ecological risk, four sites (S12, S13, SIS,
and S22) posed considerable ecological risk, three sites
(S14, S20, and S21) exhibited moderate ecological risk,
and the rest sites (S15, S16, S17, and S19) were identified
as the low ecological risk.

The RI values showed the overall pollution level of
the study area. As can be seen from Table 4, R/ ranged
from 12.78~1755.19, with a mean value of 412.52 (high
risk). All the sample points presented low to very high
potential ecological risk, with the proportion of 31.82%,
18.18%, 4.55%, and 45.45%, respectively. These results
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Fig. 3. Dendrogram of the sampling sites.

were dominated by Cd ecological risk. Therefore,
Cd must be put in high attention and be of the prior
contaminants considered to control.

Pollution Source Identification Based on PCM,
HCA, and PCA

The correlation can provide useful information to
understand the relationship among the heavy metals.
PCM requires data that is correspondent to normal
distribution [25]. In our study, Shapiro-Wilk test were
performed to analyse data distribution. The results
showed that Cu and Ni concentrations coincided with
normal distributions (p>0.05), but the concentrations of
Cd, Mn, Pb, and Zn could not pass the normality test
(p<0.05) and needed data processing. In this study, rank
cases were used for the data transformation and the
relevant coefficients of heavy metal concentrations were
presented in Table 5.

As can be seen from Table 5, there is a significantly
positive correlation at P<0.01 level among the five heavy
metals (Cd, Cu, Ni, Pb, and Zn), Mn had no significant
relation with the other five heavy metals, indicating
its different behaviors, sources or migration in surface
sediments of the Dragon Lake.

Based on the data of heavy metal concentrations
in different sites, HCA was performed using between-
groups linkage method and squared Euclidean distance
to analyze the similarity for the cases and the variables,
then tested the differences between the groups. HCA
classified the cases (sampling sites) and variables (heavy
metals) into two clusters, and there were significant
differences between them. As can be observed in Fig. 3,
the first cluster includes all the sampling sites of north
lake (S1-S10) linked with three sites of south lake (S11,
S18, and S22), which have high enrichment of heavy
metals. Cluster 2 comprises of the remaining sites of
south lake (S12-S17, S19-S21), representing relatively
low contamination area. The dendrogram (Fig. 4)
showed two main clusters, metals (Cu, Zn, Cd, Ni, and
Pb) in one cluster, and Mn in another group, indicating
similar sources for metals (Cu, Zn, Cd, Ni, and Pb) and
independent sources for Mn. This finding showed good
agreement with PCM.
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Fig. 4. Dendrogram of heavy metals.

To further discriminate the possible source of heavy
metals, PCA was conducted on the normalized data
of heavy metal concentrations in surface sediments of
the Dragon Lake. The Kaiser-Meyer-Olkin value was
0.864 and Bartlett’s test was 0 (p<0.05) showed that
PCA was effective to identify the sources of heavy
metals in sediments [26]. As presented in Table 6,
a total of two principal components were extracted
with eigenvalues higher than 1.0. The first principal
component (PC1) explained 65.97% of the total variance
loaded heavily on Cd, Cu, Ni, Pb, and Zn, with the
coefficients rotated 0.908, 0.926, 0.871, 0.772, and

1.0 OMn
0.5 -
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< NiO~Cu
5 Zn@
g 0.0 o
[=W
£
o
Q
-0.5
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I I I I
1.0 0.5 0.0 0.5 1.0

Component 1

Fig. 5. Component plot in rotated space.

0.938, respectively. The second principal component
(PC2) dominated by Mn only, accounted for 19.95% of
the total variance. The component plot in rotated space
was shown in Fig. 5, the heavy metals (Cd, Cu, Ni, Pb
and Zn) associated with PC1 were very close to each
other, suggesting that these heavy metals may share the
same source. However, Mn was far away from the other
five metals, implying the different origin in surface
sediments of the Dragon Lake. The results of PCA were
well consistent with the results of PCM and HCA.

Two main sources of the heavy metals in sediments
of the Dragon Lake could be identified by PCM, HCA,
and PCA. Generally, the enrichment of Cd, Cu, Ni, Pb,
and Zn are the superposition of anthropogenic source
upon the natural background. As can be seen from
Fig. 2, the concentrations of Cd, Cu, Ni, Pb, and Zn
exceeded their background values, with the proportion
100%, 68.2%, 59.1%, 45.5%, and 59.1%, respectively,
and the heavily polluted sites mainly located at the north
lake and part of the south lake near Donghai Avenue.
According to the investigation, the surrounding area
used to be some villages in Bengbu city, agriculture
land use was dominant in the past. Therefore, the long
history of farming along with the use of fertilizers
may result in extensive Cd accumulation in sediments
[27-28]. Further, there used to be eastern traditional
industrial zone near the north lake, so atmospheric
deposition of pollutant and sewage sludge also have
contributions to the increases of Cd contents. Pb was
mainly contributed by fuel combustion and automobile
exhaust, Zn originated from automobile tire wear
whereas Cu and Ni may also derive from exhaust
fumes to a lesser extent [29-34]. Usually, Cu, Zn, and
Pb are indicative elements related to human activities in
local scale [35-36]. In the study area, these four metals
were primarily distributed in sediments located in
close vicinity to the main city roads (such as Donghai
avenue) and construction land. Therefore, PC1 can be
explained to be the sources related to anthropogenic
sources, including the use of fertilizers in agriculture,

Table 6. Rotation component matrix.

Component
Elements

PCl1 PC2
Cd 0.908 0.148
Cu 0.926 0.147
Mn 0.203 0.972
Ni 0.871 0.244
Pb 0.772 0.337
Zn 0.938 0.189
Eigenvalue 3.958 1.197
% of variance explain 65.97 19.95
% of cumulative 65.97 85.92
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industrial emissions and traffic pollution. For the
PC2, Mn was shown to have higher loads and can
be explained to be the source related to geological
weathering or dissolution. That is because the
concentration of Mn was lower than the background
value, and the Igco and PERI assessment of Mn content
also present zero or a low potential ecological risk.
Moreover, previous studies revealed that the metal is
always released by silicate weathering processes and
adsorbed by clays [37-40].

Conclusions

Six heavy metals of 22 sites were studied in the
nearshore surface sediments of Dragon Lake, Bengbu,
China. Results showed that the mean contents of
the heavy metals (Cd, Cu, Ni, Pb, and Zn) exceeded
their background values in local natural soils by 13.1,
1.41, 1.02, 1.01, and 2.36 times, respectively, and the
concentration of Mn was within the background value.
Compared with some Lakes in China and abroad, Cd
concentration in Dragon Lake were at the moderate
level, and the others metals were at a low level in
general. I~ and PERI assessment indicated that Cd
showed the highest accumulation and ecological risk
among the six heavy metals, due to the contribution
of Cd, the pollution level of the study area was high
overall. Spatial pattern implied that high Cd values
were mainly located in north lake with frequent human
activities. These findings indicated that the heavy
metals in sediments were influenced by anthropogenic
factors. The combined analyses of multivariate
techniques (PCM, HCA, and PCA) showed that the
metals (Cd, Cu, Ni, Pb, and Zn) were mainly from
anthropogenic sources, including agriculture, industrial
emissions and traffic pollution. Mn was dominantly
related to natural source. Based on our study, it is
proposed to move the heavy polluted industries to
the other places, reduce vehicle exhaust, and control
phosphate fertilizer input in the study area, and the
north part of Dragon Lake should be given priority for
water management.
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