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Abstract
Heavy metal pollution in river sediments caused by industrialization and urbanization is a pressing environmental issue

around the world. This issue is more serious in the rapidly industrializing countries like China. In this study, the con-

tamination and sources of nine metals (Al, As, Cd, Cr, Cu, Hg, Ni, Pb and Zn) in 134 river sediments in Nantong, Eastern

China have been analyzed using various statistical and spatial analysis techniques. Contamination level assessments using

enrichment factor (EF), geo-accumulation index (Igeo), and ecological risk index (RI) revealed that rivers suffer severe

heavy metal pollutions, especially for Pb and Zn. Four main potential sources of the metals were identified using principal

component analysis (PCA) and cluster analysis (CA). They are: (1) industrial sources contributing As, Cr, Pb, Zn, and

partly Cu, (2) parent materials contributing Al, Ni, and partly Cu, (3) municipal and domestic wastes associated with Hg,

and (4) excessive fertilizer application responsible for Cd. The potential sources were further verified by comparing their

spatial distributions and the locations of the actual local sources using GIS (Geographic Information System)-based spatial

analysis. The results are useful for environmental protection agencies to target corresponding pollution sources for the

contaminations of specific heavy metals.
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Introduction

Heavy metals are toxic and persistent, and can accumulate

in aquatic environment, so their distribution and contami-

nation in rivers and river sediments are great environmental

concerns around the world. They have been intensively

studied, especially in the developing regions and countries

that are experiencing rapid urbanization and industrializa-

tion, such as China, India, Bangladesh, Southeast Asia, and

North Africa (Davutluoglu et al. 2011; Möller and Einax

2013; Nehme et al. 2014; Yuan et al. 2014; Azhari et al.

2016; Islam et al. 2016; Nguyen et al. 2016; Bhuyan et al.

2017, Krika and Krika 2017). When heavy metals are

discharged into rivers by various anthropogenic activities,

they are rapidly adsorbed by suspended matters. The sus-

pended matters carrying heavy metals will eventually sink

into the river sediments and then the heavy metals possibly

become long-term pollution sources to surrounding envi-

ronment (Chen et al. 2014). Heavy metals in river sedi-

ments can be taken into aquatic plants and seafood, such as

fish, shrimps, mussels, and oysters, and accumulate, and

then ultimately enter human body via the food chain and

lead to health issues (Dhanakumar et al. 2015; Bhuyan

et al. 2017). For example, ingestion of inorganic arsenic

into human body can result in increased risks of internal

cancers, including bladder and lung cancer (Cuzick et al.

1992; Smith et al. 1998; Chai et al. 2010). Cadmium is

related to kidney damage, cancers, diabetes, and high blood

pressure (Wang et al. 2011b; ATSDR 2018; Chowdhury

et al. 2016). Among the heavy metals, As, Cd, Pb, Cr, Cu,
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Hg, and Ni are of particular concern because of their

effects on human health and presence at relatively high

concentrations in water, especially in developing countries

(ATSDR 2018; Chowdhury et al. 2016). Thus, a good

understanding of the contamination levels and sources of

heavy metals in river sediments is crucial for watershed

management, pollution control, and human health

protection.

Heavy metals in river sediments come from both natural

sources (e.g., parent materials) and anthropogenic sources

(e.g., industrial, agricultural, and residential activities),

while the change in heavy metal contamination is usually

affected by the changing anthropogenic activities, and so

the control of anthropogenic sources is the best way to

control heavy metal contamination in river sediments. The

contamination levels and sources of the heavy metals in

river sediments are associated with the intensity and types

of anthropogenic activities and the pollution control poli-

cies in the local areas. Thus, in order to understand and

control the heavy metal pollution in river sediments for a

specific area, it is necessary to understand the contamina-

tion levels and sources of heavy metals in the area.

Nantong is located in the Yangtze River Delta in eastern

China. It has been experiencing the more rapid industrial-

ization and urbanization than the majority areas in the

world over the past nearly four decades. This area is also

one of the most populous regions in China and an impor-

tant agricultural region. The conflict between the rising

demand of clean water and food associated with population

growth and the increasing farmland loss and water pollu-

tion due to urbanization and industrialization has become a

pressing issue in this area. Nantong district is a typical

plain river network region with numerous crisscross rivers,

which conveniently connect urban and rural areas, as well

as the irrigation (or drainage) system of farmland. With this

kind of river network, heavy metals from industrial and

domestic waste discharges are more likely to be transported

into river ecosystem and are of great harmfulness. There-

fore, it is necessary to obtain the valuable information on

concentrations, contamination levels, and sources of vari-

ous metals in river sediments in this area. Systemic sam-

pling along the entire river networks, contamination

assessment through various statistical analyses, and spatial

analysis on the relationship between heavy metal concen-

trations and anthropogenic activities can help scientists and

government agencies to determine the contamination levels

and to identify the sources of heavy metals and then to

make effective policies to control the pollution. However,

to the best of our knowledge, very few studies that involve

intensive statistical and spatial analyses have been carried

out in this area. Furthermore, previous studies in this area

have been only focused on river sediments in urban or

individual trunk rivers, as well as the Yangtze River

estuary, not in the entire river networks that also cover

agricultural areas (Wu and Shen 2012; Zhang et al. 2012;

Wang et al. 2014; Liu et al. 2016; Han et al. 2017).

In the previous studies on heavy metals in river sedi-

ments around the world, enrichment factor (EF), geo-ac-

cumulation index (Igeo), and ecological risk index (RI)

were widely used to assess the contamination levels and the

potential biological effects (Wang et al. 2014; Azhari et al.

2016; Chen et al. 2016; Chai et al. 2017; Vu et al. 2017).

Correlation analysis, cluster analysis (CA), and principal

component analysis (PCA) were commonly used to iden-

tify the sources of heavy metals (Möller and Einax 2013;

Wang et al. 2014; Azhari et al. 2016; Nguyen et al. 2016;

Bhuyan et al. 2017; Liao et al. 2017; Lu et al. 2017). Most

of the previous studies only identified the sources were

either natural or anthropogenic, without specifying the

detailed types of anthropogenic activities that might be

responsible for different heavy metals. However, in order

to effective control healy metal pollution, it is necessary to

distinguish the specific anthropogenic activities (e.g.

industrial, agricultural, or residential) for different metals.

In addition, the contributing sources of heavy metals

identified by previous studies are the potential ones

assumed by the researchers based on the literature review

and their general understanding of the chemical and

physical properties of the heavy metals. Usually those

potential sources were not verified by comparing them to

the actual pollution sources in the local places, which

might reduce the reliability of the findings.

In this study, we conducted systemic sampling, con-

tamination and risk assessment methods, multivariate

statistics, and GIS-based spatial analysis approaches to

assess the contamination levels and to identify the sources

of heavy metals in river sediments distributed in the entire

river network in Nantong district. It aims to (1) assess the

contamination levels of heavy metals using EF, Igeo and RI;

(2) identify the potential contributing sources of heavy

metals using correlation analysis, CA, and PCA; (3) verify

the identified potential sources by spatial analysis. This

study can improve scientists’ understanding of the con-

tamination levels and the anthropogenic sources of heavy

metals in river sediments and provide reliable baseline

information to environment protection agencies to develop

heavy metal pollution control policies.

Materials and Methods

Study Area

Nantong District, adjacent to Shanghai, lies on the north

edge of the mouth of the Yangtze River. It has a total

population of about 8 million with an area of 8000 km2.
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Located in the Yangtze River Delta, Nantong has the

landform of alluvial plain with an average elevation of

about 4 m. It has a typical fluvo-aquic soil developed on

calcareous deposits in the alluvial plain. It contains over

570 rivers and channels with the total length of 866.9 km,

which form extraordinary developing water network and

finally connect to the Yangtze River and the Yellow Sea.

The rivers are in microtidal environment and their hydro-

dynamics are controlled mainly by wind forcing and river

flow. With an average annual precipitation of about

1040 mm (mainly falling between June and August) and an

average annual temperature of about 15.1 �C, it has a

typical warm north subtropical climate. With the warm and

humid climate, abundant water supply, and rich soil, the

study area is an important agriculture base to produce crops

and vegetables, well known as ‘‘the land of fish and rice’’.

On the other hand, Nantong is also one of the areas that

have been experiencing the most rapid urbanization and

industrialization over the past nearly 40 years in China. It has

established various industries, including chemicals, metal-

lurgy, engineering, shipbuilding, and textile. Thousands of

textile mills on different scales are distributed in the study

area. For example, the town of Jiangzhao has 918 industrial

enterprises, of which 809 (88.1%) are home textile enter-

prises. Domestic textile enterprises contributed the industrial

output value of 7.2 billion yuan in2006. Its textile industry can

be dated back to 1980. The town of Zhuhang is known as the

country of wire rope because the wire rope industry has

become its leading industry. The number of wire rope enter-

prises reached 248 in the prosperous period and its products

are sold to all around the world. The effluents from those

industries are discharged into the aquatic system with very

little or improper treatment. In addition, in the process of

urban development and city growth, a large number offloating

population living in urban villagesgenerate domestic effluents

without any treatment before randomly discharged into rivers.

The huge amount of effluents without much treatment from

the industrial and domestic activities have caused serious

water pollution issues in the area. For instance, Tongqi River

is an important river crossing the study area in East–West

direction. The total wastewater discharge in Tongqi River

Basin reached 2.9 million tons in 2010, of which printing and

dyeing industry and metal products industry accounted for

99.3% of the total amount. As a result, low level of dissolved

oxygen in river water and high concentrations of heavymetals

in sediment were found (NWCB 2010). The most serious

polluted areas were in Guanyinshan and Zhuhang districts

(NWCB 2010). Moreover, to enhance the yields of rice and to

maintain the fertility of soil, the application of chemical fer-

tilizers to farmlands has been increasing in recent years. For

example, its use of chemical fertilizers reached 333 kg Ha-1

and some area attained 510 kg Ha-1 in 2007, which distinctly

exceeded 255 kg Ha-1, the upper limit of the world mean

allowance (Liu 2015). The chemical fertilizers, especially

phosphatic fertilizers, generally contain high level of toxic

metals such as Cd and Zn (Huang et al. 2007). These metals

may ultimately enter river sediments by agricultural runoff

and the erosion of agricultural soil. Thus, the river network is

seriously exposed to the heavy metal pollution from the

combination of industrial, domestic, and agricultural sources.

It is quite urgent to gain a good understanding of the pollution

level and sources of heavy metals in river sediments in the

study area.

Sample Collection and Processing

Figure 1 shows the locations of the 134 sampling sites in

Nantong. They are generally evenly distributed in the

outlets of the rivers that accept runoff and sewage from

urban, residential and industrial areas and that provide

irrigation water for agriculture. Surficial sediment samples

were collected in September 2014, using a self-made grab

(15 cm 9 15 cm 9 23 cm) aboard a wooden boat. These

samples were taken either in the middle or near the margins

of the rivers’ active channels. To ensure the data to be

representative and reproducible, we first took samples at

2–3 different spots within a distance up to 30 m in the river

bed at each site, and then mixed them (Ridgway and

Midobatu 1991).

Immediately after the sampling, we stored all the sam-

ples in polyethylene (PE) bags at 4–6 �C until laboratory

analysis. Afterwards, we freeze dried the samples at

- 45 �C for seven days in laboratory, then crushed (20

mesh) and divided the dry samples. 200 g sediment was

then hand-ground to fine particles (\ 0.074 mm) using an

agate grinder, and then was stored in PE vials.

Analytical Procedure

We placed each dry sediment sample with the weight of

about 1 g in a Teflon bomb and then treated it using

solutions in the order of HCl (3 ml), HNO3 (9 ml), HF

(2 ml), and HClO4 (8 ml). The graphite furnace was used

to measure the concentration of Cd and the cold vapor

atomic spectrometry was applied to determine the con-

centrations of As and Hg. The X-ray fluorescence spec-

trometry was employed to measure Al, Cr, Cu, Ni, Pb and

Zn. Following the matrix correction method described by

Franzini et al. (1975), we converted the X-ray counts to

concentrations. The GBW07302 Standard Sediment was

used to check the accuracy of the metal analysis. The

analytical accuracy, relative standard deviation, and

detection limit of the metal analysis are shown in Table 1.

The accuracies of the nine metals were all higher than 94%.

The relative standard deviations were low, ranging from

1.2 to 7.6%.
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Statistical Analysis

We first standardized the metal concentrations to the

Z score (mean = 0; standard variation = 1) and then

applied the Ward’s method to classify them (Ward 1963;

Mihailović et al. 2015). Afterwards, we analyzed the data

using descriptive analysis, Pearson’s correlation analysis,

CA, and PCA in SPSS. Varimax rotation with Kaizer’s

normalization was applied in PCA (Micó et al. 2006;

Mihailović et al. 2015). The CA and PCA results were used

to identify different types of pollution sources.

Contamination and Risk Assessment Methods

Enrichment Factor

We calculated the enrichment factor (EF) for each metal to

analyze its sources (anthropogenic or natural) and to

evaluate the degree of anthropogenic contamination. The

Fig. 1 A sketch map of the locations of sampling sites in the Nantong district

Table 1 The analytical accuracy, relative standard deviation and detection limit of this study using the GBW07302 Standard Sediment (n = 9)

Element Certified valuea (mean ± SD) This study (mean ± SD) Accuracy (%) RSD (%) Detection limit

Al (%) 15.72 ± 0.10 15.36 ± 0.37 101 1.2 0.03

As (mg/kg) 6.2 ± 0.6 6.3 ± 0.4 96 2.6 0.8

Cd mg/kg) 0.065 ± 0.011 0.068 ± 0.013 98 5.1 0.020

Cr (mg/kg) 12 ± 3 13 ± 2 100 1.3 2

Cu (mg/kg) 4.9 ± 0.5 4.9 ± 0.6 94 1.9 0.5

Hg (mg/kg) 0.040 ± 0.008 0.047 ± 0.010 97 7.6 0.002

Ni (mg/kg) 5.5 ± 1.4 5.6 ± 0.3 99 1.9 1.0

Pb (mg/kg) 32 ± 5 33 ± 3 99 2.7 2

Zn (mg/kg) 44 ± 5 45 ± 4 98 3.8 2

aStandard material for analysis of sediment composition in water system (GBW07302)
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EF was calculated by normalizing the metal concentration

to the concentration of reference element, Aluminum,

which is usually associated with natural sources (Buat-

Menard and Chesselet 1979). The equation of the EF cal-

culation is shown as follows:

EF ¼
M=Alð Þsample

M=Alð Þbaseline
where the ratio of the studied metal concentration (M) to

the Aluminum concentration in the samples was compared

to that in the baseline. The soil background values (Bn) in

Nantong district were used as the baseline in this study. It

is difficult to establish the soil Bn in the study area, due to

the great geochemical variability of various districts and

different anthropogenic impacts. Bn values were obtained

from 545 samples throughout the study area based on

elimination of mean value plus or minus twice the standard

deviation. These sampling stations, with the depths of

150–200 cm and rarely influenced by anthropogenic sour-

ces, were executed in a multi-objective geochemical survey

of Jiangsu Province. Our choice appears reasonable by

comparing our Bn values with the ‘‘average shale’’ (Tur-

ekian and Wedepoh 1961) and the results reported by Wu

and Shen (2012). Our Bn values for Ni and Hg are much

lower than the values from the previous two studies. In

addition, the Bn values from the previous two studies are

also higher than those reported by Liao et al. (2011).

Hence, the choice of Bn in this study is reasonable

(Table 2).

Geo-accumulation Index

The geo-accumulation index (Igeo) was originally defined

by Muller (1969) for metal concentrations in fine fraction

and developed for the global standard shale values, which

is calculated as follows:

Igeo ¼ log2
Cn=1:5Bn

� �

where Cn is the measured concentration in the sediment for

the metal n, Bn is the geochemical background value of

metal n, and 1.5 is used as a factor to minimize possible

variation in the background value due to geogenic effects.

Ecological Risk Index

The potential ecological risk index (RI), originally devel-

oped by Hakanson (1980), was applied to evaluate the

potential ecological risk of multiple elements. The sensi-

tivity of the biological community can be reflected by RI

when it considers the potential ecological risk factor and

the toxicity response coefficient. RI is calculated as:

RI ¼
X8
i¼1

Ei
r ¼

X8
i¼1

Ti
r � Ci

f ¼
X8
i¼1

Ti
r � Ci

s
�
Ci
n
;

where Ci
s is the concentration of each metal in the sediment

sample, Ci
n is the background value of each metal, Ci

f is the

pollution factor of each metal, Ti
r is the toxicity response

coefficient of each element (As = 10, Cd = 30, Cr = 2,

Cu = Pb = Ni = 5, Zn = 1 and Hg = 40) (Hakanson 1980),

and Ei
r is the potential ecological risk factor of each ele-

ment (Yi et al. 2011).

The contamination levels represented by different clas-

ses of EF, Igeo, and RI are presented in Table 3.

Spatial Analysis

The values of EF, Igeo, and RI were mapped and interpo-

lated to show the spatial pattern in the contamination levels

of the heavy metals. The scores of the four principal factors

generated in PCA at the sampling sites were calculated and

then were also mapped and interpolated to show their

spatial distributions in the whole study area. The spatial

distributions were compared to the locations of actual local

pollution sources to verify the potential contributing sour-

ces of heavy metals identified by PCA and CA. The

mapping and spatial analysis were made in MapGis 67 and

GeoExpl 2010.

Results and Discussion

Metal Concentrations

Table 4 shows the descriptive statistics summary of the

metal concentrations in river sediments and the background

Table 2 Comparison in geochemical baseline values (Bn) for metals

in soils between this study and other studies

Metals Average shalea Nantongb Present study

Al (%) 8 – 7.02

As (mg/kg) – 10 6.8

Cd mg/kg) – 0.12 0.139

Cr (mg/kg) 90 76.2 73

Cu (mg/kg) 45 22.7 22.2

Hg (mg/kg) – 0.42 0.078

Ni (mg/kg) 68 – 28.1

Pb (mg/kg) 20 24.9 22

Zn (mg/kg) 95 – 74

aTurekian and Wedepoh (1961)
bWu and Shen (2012)
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values compared to the values from other regions. The

mean concentrations of metals are all higher than their

background values. Hg has the lowest concentrations,

ranging from 0.028 to 0.580 mg/kg, with the mean of

0.130 mg/kg. Cd concentrations vary from 0.096 to

186.01 mg/kg, with the mean of 2.53 mg/kg, which is 2.27

times higher than its background value and significantly

higher than the concentration reported by Zhang et al.

(2012). Extreme high concentrations of Cd are found at

sampling site 4 (186 mg/kg), 5 (139.9 mg/kg) and 3

(34.4 mg/kg). Cr concentrations vary between 67 and

689 mg/kg, in which 7.5% of the samples have a concen-

tration of over two times of its background value. Pb and

Zn concentrations vary greatly from 15 to 20,737 mg/kg,

and from 56 to 24,329 mg/kg, respectively. The largest

difference between the concentration in a sample and the

background value is observed for Pb. Its highest concen-

tration is 942.6 times its background value. In addition,

18% of the samples have a Pb concentration of 5–20 times

higher than the background value, which indicates that the

Table 3 Classifications of heavy metals geo-accumulation (Igeo), enrichment factor (EF) and ecological risk index (RI)

Class Igeo Contamination degree EF Contamination degree RI Ecological risk

0 Igeo B 0 Practically uncontaminated EF B 2 Deficiency to minimal

enrichment

RI B 150 Low risk

1 0\ Igeo B 1 Uncontaminated to moderately

contamination

2\EEF B 5 Moderate enrichment 150\RI B 300 Moderate risk

2 1\ Igeo B 2 Moderately contamination 5\EF B 20 Significant enrichment 300\EF B 600 Considerable

risk

3 2\ Igeo B 3 Moderately to heavily contaminated 20\EF B 40 Very high enrichment 600\RI High risk

4 3\ Igeo B 4 Heavily contaminated 40\EF Extremely high

enrichment

5 4\ Igeo B 5 Heavily to extremely contaminated

6 5\ Igeo Extremely contaminated

Table 4 Statistical summary of metal concentrations of river sediments in Nantong compared to those in other regions and sediment qualities

(values in mg/kg)

Location Al As Cd Cr Cu Hg Ni Pb Zn References

Nantong district

Mininum 37,800 3 0.096 67 10.3 0.028 19.8 15 56 The present study

Maximum 138,700 113 186.01 689 782 0.58 72.1 20,737 24,329

Mean 77,000 15.8 2.53 112 53.9 0.13 31.2 448 869

Standard deviation 2.01 17.1 16.634 90 85.9 0.095 8.4 2124 2827

Variation coefficient 0.26 1.08 6.58 0.8 1.6 0.72 0.27 4.75 3.25

Skewness 0.76 3.52 10.38 4.89 5.89 2.42 2.59 7.95 6.61

Duliujiang River 68.4 0.6 62.1 142.5 33.9 30.1 111.4 Meng et al. 2016

Luanhe River 0.3 60.4 48.07 26.15 25.55 76.42 Hao et al. 2012

Xiaoqinghe River 4.37 6.2 257.79 73.35 56.89 250.49 418.44 Xu et al. 2017

Xiangjiang River 77,700 54.89 13.6 120.4 101.3 57.14 214.9 443.3 Chai et al. 2017

Montevideo Harbour 162 89 0.63 30 85 312 Muniz et al. 2004

Mwanza Gulf 2.5 11.0 21.6 0.1 29.6 36.4 Kishe and Machiwa 2003

Background value 70,200 6.8 0.139 73 22.2 0.078 28.1 22 74 The present study

Sediment Quality I, China 20 0.5 80 35 60 150 (GB 18668-2002)

Sediment Quality II, China 65 1.5 150 100 0.5 130 350 (GB 18668-2002)

CCME ISQG 5.9 0.6 37.3 35.7 0.17 35 123 CCME 1999

CCME PEL 17 3.5 90 197 0.486 91.3 315 CCME 1999

SQG-low 909.52 3.56 125.38 92.28 4.47 102.79 1495.09 Liu et al. 2017
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Fig. 2 The spatial distribution of geo-accumulation index (Igeo)
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Fig. 3 The spatial distribution of enrichment values (EF)
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river sediments have been widely contaminated with Pb.

On the contrary, the mean concentrations of Al and Ni are

only 1.01 and 1.04 times their background values, respec-

tively, which indicate the natural origins of these two

elements.

The mean concentrations of Pb, Zn, Cd, As and Cr are

significantly higher than their medians, together with their

high skewness values, suggesting that these metals have

very high outliers at some sample sites. This result can also

be verified by their variation coefficients (VCs), which are

SD/Mean and used to reflect the degree of discrete distri-

bution of different metal contents, and to indicate indirectly

the activeness of the selected element in the examined

surrounding. The VCs of these five heavy metals, Hg, and

Cu are higher than 0.7, indicating that the concentrations of

these metals vary largely among the sampling sites. High

Fig. 4 The spatial distribution

of ecological risk index (RI)

Table 5 Correlation matrix for

the concentrations of metals
Element Al As Cd Cr Cu Hg Ni Pb Zn

Al 0.088 0.646 0.065 0.197 0.982 0.000 0.891 0.070

As 0.148 0.543 0.065 0.002 0.000 0.000 0.000 0.000

Cd - 0.040 0.053 0.120 0.095 0.402 0.001 0.498 0.783

Cr 0.160 0.160 0.135 0.000 0.000 0.005 0.000 0.000

Cu 0.112 0.271** 0.145 0.353** 0.167 0.000 0.000 0.000

Hg 0.002 0.512** 0.073 0.307** 0.120 0.001 0.034 0.128

Ni 0.553** 0.314** 0.278** 0.243** 0.520** 0.278** 0.498 0.004

Pb 0.012 0.632** 0.059 0.874** 0.368** 0.183* 0.059 0.000

Zn 0.157 0.636** 0.024 0.674** 0.310** 0.132 0.246** 0.649**

The left lower part is correlation coefficients; the right upper part is significant level
*Correlation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level (2-tailed)
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VCs are a good indicator of anthropogenic contributions,

so this result suggests that these metals are directly related

to anthropogenic sources (Manta et al. 2002; Huang et al.

2007). In contrast, Al and Ni have a VC lower than 0.3,

which indicates that they are more homogenously dis-

tributed and are more likely associated with natural

sources.

To get a comprehensive understanding of the degree of

pollution in Nantong district, a comparison of heavy metal

concentrations with other regions was performed (Table 4).

The result of the present study shows that the heavy metal

concentrations of river sediments in Nantong district are

generally lower than those reported in Xiangjiang River,

Duliujiang River and Xiaoqingling River in other regions

of China (Table 4). Cd value is similar to that from

Mwanza Gulf, but is lower than that reported from

Xiangjiang River. The concentrations of Pb and Zn obtain

in this study are much high than other regions (Table 4).

Table 4 also compares our results with the reference

values established in different sediment quality guidelines

(SQGs). The concentration of As is slightly higher than the

reference risk value given by the Canadian Council of

Ministers of the Environment (CCME)’s interim sediment

quality guideline (ISQG) (CCME 1999), but lower than

Sediment Quality of China (GB 18668-2002). Similarly,

Cu concentration falls between the lower and upper of

Sediment Quality and CCME. Hg value is much lower than

any of the values listed in the guidelines. Cr is slightly than

the limit of ISQG, PEL, Sediment Quality I, but lower than

Sediment Quality II. The mean concentrations of Cd, Pb

and Zn are greatly higher than Sediment Quality, CCME’s

probable effect level (PEL), but they are lower than the

SQG-low in Xiangjiang sediments by Liu et al. (2017). In

Fig. 5 Hierarchical dendogram for 9 elements obtained by War’s hierarchical clustering method (the distances reflect the degree of correlation

between different elements)

Table 6 Factor loadings and variance explained from PCA on metal concentrations in river sediments*

Retained factors Factor 1 Factor 2 Factor 3 Factor 4

Factor loadings on elements

Al 0.038 0.797 - 0.063 - 0.144

As 0.705 0.153 0.525 - 0.018

Cd 0.006 - 0.105 0.056 0.912

Cr 0.888 0.118 0.161 0.125

Cu 0.353 0.524 - 0.025 0.473

Hg 0.127 0.064 0.960 0.057

Ni 0.096 0.897 0.247 0.040

Pb 0.937 - 0.043 0.043 0.081

Zn 0.842 0.170 0.012 - 0.028

Initial Eigenvalue 3.598 1.541 1.056 1.024

Percent of variance 33.616 19.960 14.367 12.270

Cumulative percent 33.616 53.576 67.943 80.213

*The loadings[ 0.5 are shown in bold
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summary, average concentrations of the heavy metals in

this study exceed the reference limits in different SQGs to a

certain degree.

Contamination and Risk Assessment

To assess the degrees of contamination, metal concentra-

tions are converted into Igeo values. Igeo values of Al and Ni

range from - 0.8 to 0.3, and from - 1.1 to 0.8, respec-

tively, which fall in class 0 or class 1, indicating that they

are entirely from crustal material or natural weathering

process (Table 3). For Cu, 84.3% of samples have constant

values (- 1.68 to 0.93); only 21 samples are in the classes

of moderately contaminated or/moderately to heavily

contaminated. This result suggests that most samples of Cu

are only partly influenced by anthropogenic activities. Igeo
values of Pb and Zn vary between - 1.1 and 9.3, and

between - 1.1 and 7.8, respectively, with a similar average

value of 1.1. The Igeo values of Pb in 22.4% of samples,

and Zn 29.1% samplers fall in the classes of heavily con-

taminated to extremely contaminated, suggesting that these

two metals are largely affected by anthropogenic sources.

The spatial patterns in the contamination levels reflected by

Igeo for Pb, Zn, Hg, and Cd are illustrated in Fig. 2.

Moderately contamination to heavily contamination levels

for Pb and Zn are located in the southern part of the study

area such as Zhuhang, Zhangzhishan, and Jiangzhao. Igeo
of Hg varies from - 2.3 to 2.1, with an average value of

0.4, showing its relatively even spatial distribution. It is

practically uncontaminated or uncontaminated to moder-

ately contamination for the majority of the study area

(Fig. 2). Similarly, Igeo of As has a low range of - 1.8 to

3.4, with an average 1.0. For Cd, the uncontaminated and

moderately contamination level covers a large part of the

study area, and the heavily and extremely contaminated

levels are only found in small areas next to the towns.

Overall, the average accumulation of the metals decreased

in the following order: Pb(1.1) = Zn(1.1)[Cd(1.0)[

Fig. 6 Loading of the rotated eigenvectors, vertical axis are the relevant component: a F1, b F2, c F3 and d F4
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As(0.1) = Cu(0.1)[Cr(-0.1)[
Hg(-0.3)[Ni(-0.5)[Al(-0.6).

EF values of Ni range between 0.6 and 2.9, revealing

deficiency to minimal enrichment. 79.9% of samples fall in

the slight enrichment (EF B 5), only 12 samples exhibit

moderate enrichment in Ni. The spatial patterns in the

contamination levels reflected by EF for Pb, Zn, Hg, and

Cd are shown in Fig. 3. Pb and Zn range widely from 0.7 to

Fig. 7 Maps of the scores of four factors generated in PCA

384 International Journal of Environmental Research (2018) 12:373–389

123



83.1, and from 0.8 to 38.6, with average values of 19.3 and

10.6, respectively. This result suggests that most samples

suffer significant enrichment in Pb and Zn. They are mostly

located in Zhuhang, Zhangzhishan and Jiangzhao (Fig. 3).

Generally, Hg, As and Hg have median EF values

(0.4–19.5), with the average values 1.5, 1.7 and 2.2, sug-

gesting their moderate enrichment. Among these elements,

Hg shows an even spatial distribution and only moderate

enrichment next to towns (Fig. 3). The EF values of Cd

show a slightly different spatial pattern from other ele-

ments. Cd has extremely high enrichment EF values mainly

next to Xiaohai, but also shows significant enrichment in

Zhuhang and Zhangzhishan (Fig. 3). The EF values of the

sediments in the study area, from largest to smallest values,

are in the order of Pb[Zn[Cd[As[Cu[Hg[
Cr[Ni. This spatial pattern is similar to that observed

using Igeo.

The heavy metal contamination in the study area is

verified by the RI results that consider the ecological risks

caused by multiple heavy metals. A considerable level of

ecological risk is observed (Fig. 4). The low-risk level is

only in a small area (Xianfeng) in the north. The moderate

risk level occupies almost half of the study area, mainly

located in the north. The majority of the middle and

southern parts of the study area (Zhuhang, Zhangzhishan,

Jiangzhao and partly Xiaohai) are covered by considerable

risk or severe risk levels.

Correlation Analysis and Cluster Analysis

Table 5 shows the result of Pearson’s correlation analysis

on the metal concentrations. A significant positive corre-

lation exists in most pairs of Pb, Zn, As, and Cr at

p\ 0.01. For example, the correlation coefficients for Pb

and Cr, Zn and Cr, Pb and As, Zn and As, and Zn and Pb

are 0.874, 0.674, 0.632, 0.636 and 0.649, respectively.

These results, together with the relatively high concentra-

tions and VCs of these metals, indicate common contam-

ination sources for them. Hg has a significant positive

relationship with As (r = 0.512, p\ 0.01), Cr (r = 0.307,

p\ 0.01), and Ni (r = 0.278, p\ 0.01), but has a weaker

positive relationship with Pb (r = 0.183, p\ 0.05) and Zn

(r = 0.132, p[ 0.05). Cd does not show a significant

relationship with all the other metals except Ni, which

implies its sole source. Cu is significantly positively related

to As (r = 0.271, p\ 0.01), Cr (r = 0.353, p\ 0.01), Ni

(r = 0.520, p\ 0.01), Pb (r = 0.368, p\ 0.01), and Zn

(r = 0.310, p\ 0.01), but has no significant relationship

with other metals. The only metal that has a significant

positive relationship with Al is Ni (r = 0.553, p\ 0.01),

indicating the common natural origin for these two metals.

Figure 5 illustrates the result of the explorative hierar-

chical cluster analysis (CA) on the metal concentrations,

which can help us to differentiate the heavy metals into

distinct groups of natural or anthropogenic sources. A

distinct cluster is formed for As, Cr, Pb and Zn at the level

of similarity 9, indicating the significant association among

them and their similar sources. This result, verified with the

results of descriptive statistics and correlation analysis,

suggests these four metals are dominated by a similar

anthropogenic input. Al and Ni form a distinct cluster and

then join with Cu, which may imply natural inputs of these

three elements in the river sediments. Cd and Hg build a

cluster that has a long distance with other elements. These

nine metals do not form very simple and distinct clusters,

which imply that the heavy metals in the river sediments

are contributed by various sources.

Principal Components Analysis

PCA was conducted on the concentrations of the nine

metals to identify their sources. The results are shown in

Table 6. The first four components (factors) have an

eigenvalue higher than 1.0, so they were considered to have

dominant influences and were retained. They explain

80.2% of the total variance in the samples. The loadings of

the metals on these four components are plotted as 3D

diagrams to assist in the interpretation of the components

(Fig. 6).

Factor 1 (F1) explains 33.6% of the total variance, and it

has high positive loadings on As (0.705), Cr (0.888), Pb

(0.937), and Zn (0.842). This factor might be associated

with effluents of industry (e.g., textile, metal processing)

because these metals have been reported to come from

discharges from textile, metal processing in many previous

studies (Siegel 2002; Aslan 2009). It is generally known

that Cr is widely added in the metalized synthetic dyes,

pigments, antibacterial, and fungicide (Jozwiak et al. 2007;

Aksu and Karabayir 2008). Pb and Zn are usually used in

garment accessory, and antimicrobial, respectively (Blan-

quez et al. 2004). The concentrations of these elements in

this study are very close to that in dyeing sludge in Nan-

tong district reported in Tu et al. (2015). Acid washing and

phosphating wastewater are produced in the production

process of steel wire rope, in which high concentrations of

Pb and Zn, even up to hundreds of mg/L, can be found

(Zhang et al. 2012; Zhang and Shen 2012). Once the

wastewater with high concentrations of Pb and Zn are

discharged into rivers without treatment, certainly the

sediments in river basin will carry high amounts of these

two metals. Pb in soils and river sediments was also con-

sidered to be emitted from the factories processing steel

wire rope in Nantong district by Teng et al. (2006) and Wu

and Shen (2012). Moreover, this factor also has a medium

positive loading (0.353) on Cu, which can be explained by

the fact that Cu is usually added in the synthetic dyes, the
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same as Cr (Aksu and Karabayir 2008). Therefore, these

metals with high positive loadings in F1 can be attributed

to wastewater effluents from textile and metal processing

industries, and F1 represents the source of industrial

wastewater discharge.

Factor 2 (F2) explains about 20% of the total variances

in the data. It has high positive loadings on Ni (0.897), Al

(0.797) and Cu (0.524). Combined with the results of

descriptive statistics, Igeo, EF calculation, cluster analysis,

and correlation analysis, the PCA result indicates that F2

represents the natural source of parent material (sandy

alluvial deposit), which contributed these three metals to

the river sediments. The similar result was also found for

top soils and dusts of Nantong City by Qian et al. (2012). In

addition, Cu also has a relatively higher loading in F1, and

it has significant positive correlations with As, Cr, Pb, and

Zn, which suggests that it is also slightly influenced by

industrial sources.

Factor 3 (F3) explains 14.4% of the total variance. As

shown in Table 6 and Fig. 6, it exhibits a high positive

loading for Hg (0.960), significantly higher than the load-

ings for other metals. This factor might represent domestic

effluents and waste incineration sources. Spatial variability

in Hg concentrations in river sediments among sampling

sites shows that they are evidently controlled by the

effluents sources. For example, Hg has high concentrations

in the sediments near the Nantong municipal effluents. In

addition, it also has high concentrations at sampling sites in

the river segments by towns such as Zhangzhishan and

Xianfeng. Many previous studies also found that municipal

effluent discharges led to Hg contamination of sediments

and soils (Mirlean et al. 2003; Wang et al. 2011a). As seen

during the sampling and field survey, domestic solid wastes

from individual homes were piled up in rectangular

chambers in the open air by the residents along the river.

The wastes contain high Hg items such as battery and

fluorescent lamp. After they are simply incinerated without

proper classification, some Hg retains in ashes (Pirrone

et al. 1996; Streets et al. 2005; Wang et al. 2011a). During

heavy rains, the mercury-contained particles are washed

out from incineration chambers and discharged into nearby

rivers. All these activities may enhance Hg concentrations

in river sediments to some extent. Because no evident coal

burning activities (coal-fired power stations, coal burning

furnaces, etc.) were found in our field survey, Hg is con-

sidered more likely to be associated with domestic effluents

and incineration of solid waste in the study area. Thus, F3

represents municipal and domestic waste sources.

As shown in Table 6 and Fig. 6, Factor 4 (F4) can only

explain 12.3% of the total variance in the data. It has a

significantly high positive loading on Cd (0.912). Cd tends

to have a higher content in phosphatic fertilizers because it

is inherited from the phosphatic rocks. The Cd contents in

phosphatic fertilizers ranged from 0.1 to 2.9 mg/kg with a

mean 0.60 mg/kg according to Lu et al. (1992). A study in

USA found much higher Cd contents in fertilizers ranging

from 2 to 91 mg/kg, with most values of about 7 mg/kg

(Motvedt 1986). The increasing application of phosphatic

fertilizers in farmlands over years has accelerated the

accumulation of Cd in soils, and then resulted in greater

overall movement of Cd to aquatic ecosystems, which

ultimately increased Cd concentrations in river sediments

to some extent.

Spatial Analysis of Factor Scores

To verify the potential contributing sources of heavy

metals in the river sediments identified in PCA, the spatial

distributions of the scores for the four factors are displayed

in Fig. 7 to see how they match the locations of actual

sources in the study area. As identified by PCA, F1 rep-

resents the industrial sources of the metals, which is con-

sistent with the spatial distribution of its scores. High

scores of F1 appear at samplings sites in the area with a

high density of textile mills, especially at sampling sites

129 and 131 in Jiangzhao that are surrounded by over 20

small textile and leather mills. High scores of F1 are also

found in Zhuhang, where many metal processing plants are

distributed. The discharges from metal processing plants

were the cause of the serve Pb and Zn pollution in atmo-

spheric depositions and surrounding environment as found

in previous studies (Wu et al. 2011; Teng et al. 2006). The

good match between the spatial distribution of F1 and the

locations of textile, leather, and metal processing plants

suggests that As, Cr, Zn, and Pb from the industrial

activities have contaminated the river sediments.

As identified in PCA, F2 represents the natural sources.

The factor scores of F2 are generally low all over the study

area, which is consistent with the natural origin. However,

the scores are slightly higher around sampling sites 129 and

131 in Jiangzhao, which can be explained by the high

loading of Cu on this factor. Cu is contributed by mixed

natural and industrial sources. Cu has the highest concen-

trations at sampling site 131 (782 mg/kg) and site 129

(475 mg/kg), which are surrounded by industrial sources

such as textile mills. These two sites also have high con-

centrations of Pb, Zn and As, which are represented by F1.

As identified by PCA, F3 represents the municipal and

domestic waste sources of the heavy metals. This finding

can be also confirmed by the spatial distribution of its

factors. The high scores of F3 are located near the outlets

of municipal and domestic effluents (Fig. 7c). For example,

the sampling sites that are adjacent to discharge outlets

from Nantong city and towns (Xianfeng, Xiaohai, and

Zhangzhishan) have relatively high scores of F3. The

highest Hg concentration of 0.58 mg/kg is observed at
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sampling site 104 near the outlet, where the effluent from

Zhangzhishan town is discharged into the rivers.

F4 is identified to be associated with phosphatic fertil-

izer application in PCA. The scores of F4 are more

homogenously distributed in the study area. This spatial

pattern matches the spatial distribution of farmlands, which

exist all over the study area. Samplings with the highest

scores of F4 are located at sampling sites 4 and 131, which

are close to farmlands.

Therefore, the spatial distributions of the four factors are

consistent with the spatial distributions of the correspond-

ing natural and anthropogenic sources of heavy metals in

the local area, which further verifies the potential sources

identified by statistical analyses.

Conclusions

This study assessed the contamination of heavy metals in

river sediments and identified their sources in Nantong,

Eastern China using multivariate statistical techniques

including CA and PCA combined with descriptive statis-

tics, contamination and risk assessments (Igeo, EF, and RI),

correlation analysis, and spatial analysis.

The results of descriptive statistics and risk assessment

show the contamination level of heavy metals is in the

order of Pb[Zn[Cd[As[Cu[Cr[Hg[Ni. The

river sediments are heavily contaminated with Pb and Zn

adjacent to the towns where lots of textile plants and wire

rope enterprises are located.

The results of correlation analysis and CA show that two

metals, Al and Ni, are mainly from natural sources; Cu are

contributed by both natural and anthropogenic sources;

while other heavy metals (Hg, Cr, As, Zn, Pb, and Cd) are

mainly from anthropogenic sources. Four specific sources

of the metals in river sediments are identified using PCA

and spatial analysis. They are (1) industrial sources (i.e.,

textile and metal processing industries) that mainly con-

tribute As, Cr, Pb and Zn, and also partly Cu, (2) natural

sources (i.e., parent materials) in which Ni, Al, and Cu

originate from, (3) municipal and domestic wastes that

mainly contribute Hg, and (4) fertilizer application that is

responsible for Cd in the river sediments. This study

identified more specific anthropogenic activities that are

associated with different heavy metals than those found in

most of previous studies. More importantly, the potential

contributing sources of the heavy metals were verified by

comparing the spatial distribution in the scores of factors

that represent different sources to the locations of actual

local sources. Thus, the sources identified in this study are

more reliable. To the best of our knowledge, very few

studies have ever used this method (Huang et al. 2009).

The results and findings of this study can provide useful

information for governments, environmental protection

agencies, and other decision makers to implement appro-

priate policies and regulations to control the heavy metal

pollution in the river sediments caused by the rapid

urbanization and industrialization in the study area. The

approaches that integrate descriptive statistics, correlation

analysis, multivariate analysis, contamination and risk

assessments, and spatial analysis can be also useful for

environmental scientists to examine various environmental

issues beyond the study area.
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