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Abstract
Purpose In metropolitan cities, residential land use is most closely related to inhabitants’ daily life among all land use types. The
aim of this study is to determine the influence of urbanization and landscape attributes on heavy metal accumulation in urban
residential areas.
Materials and methods Soil samples under different vegetative cover types were collected from 115 residential areas of Beijing.
Samples were digested using a four-acid mixture (HCl, HNO3, HF, and HClO4). We analyzed contents of nine elements,
including Cd, Co, Cr, Cu, Mn, Ni, Pb, V, and Zn. Meanwhile, urbanization and landscape information, including age of
residential community, distance to the city center, population density, distance to the nearest building, height of the building,
and green space area, were recorded at each sampling site. Statistical analytic tools and geospatial analysis techniques were
employed to further examine the relationship between urbanization and landscape indicators and accumulation of heavymetals in
urban residential soils.
Results and discussion Our results revealed that Cu, Cd, Pb, and Zn were the most accumulated heavy metals in the study area.
Their mean concentrations were 23.5, 0.139, 27.3, and 96.2 mg/kg, respectively. The spatial distribution of heavy metal
accumulation was also analyzed. Urbanization indicators, including age of residential community, distance to the city center,
population density, and distance from sampling point to the nearest residential building, were found significantly correlated with
the contents of Cu, Cd, Pb, and Zn in residential soils. However, height of the residential building and green space area had little
impact on intercepting air pollutants and lowering the heavy metal concentration in residential soils. Moreover, different vege-
tative types were found to have significant influence on the heavy metal accumulation. Arbor was more efficient than other types
in capturing atmospheric suspended particulates which contain heavy metals.
Conclusions In this study, we identified Cu, Cd, Pb, and Zn as the most accumulated heavy metals, illustrated the spatial
distribution characteristics of heavy metal accumulation, and further elaborated the influence of urbanization and landscape
patterns, as well as the vegetative cover types on the heavy metal accumulation. The accumulations of Cu, Pb, and Zn in urban
residential soils were probably dependent on atmospheric deposition.
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1 Introduction

Heavy metal emissions triggered by urbanization and indus-
trialization processes have become an irreversible process in
the global biogeochemical cycling of chemical elements. Due
to rapid urbanization and industrialization, heavy metal pollu-
tion in urban soils has been a serious environmental concern in
many cities of developing countries. Risks of environmental
pollution in urban settings have been associated with the ur-
banization process, especially in metropolitan areas (Kaye
et al. 2006). Unlike agricultural and forest counterparts, urban
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soils have different functions (Grimm et al. 2008; Pickett
et al. 2011; Ajmone-Marsan et al. 2016). Numerous stud-
ies have demonstrated that green space in urban areas is
an indispensable resource for promoting public health by
restoring mental fatigue, providing location for recreation-
al and physical activities, serving as esthetic appreciation,
and releasing people from high pressures (Maas et al.
2006; Schipperijn et al. 2010). Thus, urban soils in green
space have more direct and indirect effects on inhabitants’
health due to the detrimental environmental impact of
heavy metal contamination (Miguel et al. 1997; Madrid
et al. 2002; Chen et al. 2005). Therefore, it is imperative
to understand heavy metal contamination in urban resi-
dential soils as well as its relationship to urbanization.

A great number of studies have shown a direct temporal
and spatial relationship between urbanization and soil heavy
metal contamination (Wang et al. 2012a; Peng et al. 2013).
Urban soils have been experiencing different levels of urban-
ization stress. The accumulation of heavy metals in the urban
soils can be highly affected by the urban artificial landscape
(e.g., building, tree, and road) (Schwarz et al. 2012;
Castanheiro et al. 2016). It has also been proved that vegeta-
tion plays a significant role in hampering heavy metals from
accessing the urban soils. More research has been carried out
to prove that vegetation serves as a natural surface for depos-
iting, absorbing, and immobilizing the airborne particles
(Weathers et al. 1995; Weathers et al. 2000; Weathers et al.
2006; Castanheiro et al. 2016).

In metropolitan areas, compared with other kinds of land
use types, residential land use is the most intimately related
to inhabitants’ daily life. However, it has been reported that
more and more residential soils have suffered serious heavy
metal pollution (Schwarz et al. 2012; Aelion et al. 2014).
Anthropogenic emissions on residential soils may originate
from domestic activities, such as coal combustion and dis-
posal of electric equipment, which proved to be a critical
source of heavy metal pollution (Harrison et al. 1981; Wong
et al. 2006; Lincoln et al. 2007; Christoforidis and Stamatis
2009).

It has been acknowledged that different urban land use
types can affect heavy metal accumulation in urban soils
(Wang et al. 2012b; Liu et al. 2016). However, most previous
research on individual land use has focused on heavy metal
concentration in soils of urban parks, farmland, and industrial
zones (Madrid et al. 2002; Chen et al. 2005; Gu et al. 2016).
Systemic investigations related to the effect of urbanization
factors on heavy metal accumulation in urban residential soils
are few. Therefore, we investigate trace elements from Beijing
residential soils with the primary objectives being: (1) to iden-
tify the main pollutants and determine the state of the environ-
ment quality of residential soils, (2) to analyze the spatial
distribution characteristics of heavy metal accumulations in
residential areas, (3) to explore the relationship between

urbanization and landscape parameters and the heavy metal
contents, and (4) to discover the impact of vegetative cover
types on the heavy metal accumulations in residential areas.

2 Materials and methods

2.1 Study area

The metropolitan built-up areas of Beijing, which is centered
by the Forbidden City, are enclosed by the 5th ring road and
fully urbanized. Serving as the oldest and most developed
section of the city, the urban built-up areas include six admin-
istrative districts: Dongcheng, Xicheng, Chaoyang, Fengtai,
Shijingshan, and parts of the Haidian Districts. Based on the
official statistics of local government (http://www.bjstats.gov.
cn/tjsj/cysj/201511/t20151109_311727.html), the population
of Beijing has exceeded 21.7 million and was still growing
up until 2015. Open green space sporadically scatters the city
in terms of public parks, roadside trees and greenbelts,
residential and school attached green land, urban wood, and
other green fields. The total green area has covered 48.4% of
the urban surface up until 2015 (http://www.bjyl.gov.cn/
zwgk/tjxx/201604/t20160401_178532.html).

2.2 Soil sampling and chemical analysis

According to the development characteristics of Beijing, the
study area is divided by major ring roads into four different
sections, including Section 1 (the region between the 4th and
the 5th ring roads), Section 2 (between the 3rd and the 4th),
Section 3 (between the 2nd and the 3rd), and Section 4 (inside
the 2nd ring road). According to the location and size, the four
sections are further divided into 39 sub-sections, including 15
sub-sections from Section 1, 12 from Section 2, 8 from
Section 3, and 4 from Section 4. Based on the construction
age of residential communities in each sub-section, 2–5 resi-
dential communities with their representative landscapes were
finally selected in Fig. 1.

The selected soil sample locations were divided into six
vegetative cover categories as (a) arbor, (b) shrub, (c) herb,
(d) arbor-herb, (e) shrub-herb, and (f) arbor-shrub-herb com-
pound land, representing all the vegetative cover types in res-
idential areas of Beijing (Fig. S1, Electronic Supplementrary
Material). Vegetative cover types were geographically distrib-
uted in the study area (Fig. 1). Soil sampling sites within each
vegetative cover types were selected as follows: The arbor
vegetative cover type made up of 23 sampling points, and
samples were collected under deciduous species as far as pos-
sible if allowed; the shrub vegetative cover typemade up of 12
sampling points, stood for low woody perennial plant located
beside the lanes and promenades in the residential communi-
ties; the herb type made up of 19 sampling points, represented
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the green space with lawn of grass covers; the arbor-herb type
with 14 sampling points, included the sites where trees stand
with grass understory; the shrub-herb vegetative type with 19
sampling points, was made up of shrubs accompanied with
herbaceous plants tiled; and arbor-shrub-herb compound land
with 28 sampling points, consisted of trees, low woody peren-
nial plants, and grassland with multilayer structure. In each
sampling site, a representative composite was achieved by
mixing five sub-samples of surface soil (0–10 cm depth).
Altogether, 115 samples were collected.

The soil samples were air-dried, ground, and passed
through a 0.149 mm × 0.149 mm meshed sieve to remove
roots and other debris. The 0.25 g of soil aliquots were kept
in Teflon pots containing 10 mL HCl overnight and then were
digested in the acid solution of HNO3 (5 mL), HF (5 mL), and
HClO4 (3 mL). The final digested extracts were dissolved by
2 mL of 1:1 HCl and then terminated by the dilution with
ultrapure water to 50 mL for detection of Cr, Co, Cu, Mn,
Ni, and V using ICP-OES and to 250 mL for determination
of Cd, Pb, and Zn using ICP-MS.

Soil pH was measured in distilled water at a dry soil
with a weigh to volume ratio of 1:2.5. Soil organic matter
(SOM) was determined using HCl treatment and dry com-
bustion method by an elemental analyzer (Soon and
Abboud 1991).

2.3 Quality assurance and quality control

Geochemical Standard soil, GSS-1 was referred as quality
assurance and quality control (QA/QC) procedures. Reagent
blank was also brought along with every batch of the chemical

analyses. The recoveries in the standards were 93–110% for
Cd, 79–92% for Co, 80–116% for Cr, 79–92% for Cu, 90–
110% for Mn, 86–97% for Ni, 80–101% for Pb, 81–87% for
V, and 92–111% for Zn. Duplicates of 10% soil samples and
reagent blanks were included in each array of samples. The
analysis would be rejected if outcomes of duplicates exceeded
± 10% of one another.

2.4 Urban spatial parameters collection and statistics
analysis

To examine the relationship between heavy metal accumula-
tion in residential soils and urbanization indicators, informa-
tion of the residential areas was collected. The age of residen-
tial communities, distance from sampling point to the nearest
building, and height of the building were investigated, mea-
sured, and recorded at each sampling site. The population data
on each block was collected from the statistics of 2010 nation-
al census. The data of distances to the city center, population
density, and green space area of sampling residential commu-
nities were visualized, delineated, and calculated from the
interpreted remote sensing of IKONOS satellite imagery of
Beijing built-up areas of 2014 using ArcGIS 10.0. The spatial
distributions of the main heavy metals, as covariates of popu-
lation density and age of the residential community, were pre-
dicted according to the Cokriging interpolation method using
ArcGIS 10.0 (Peng et al. 2016).

Statistics analysis was carried out by SPSS 20.0. The non-
parametric Kolmogorov-Smirnov (K-S) test (p > 0.05) was
employed for examining the statistical distribution of the data.
Principal component analysis (PCA) was applied to determine

Fig. 1 Study area and residential sample locations with different vegetative cover types
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the residential contamination as well as cluster analysis (CA).
Spearman and Partial correlation analysis was carried out to
calculate correlation between the heavy metal contents and the
urbanization parameters. OriginPro 8 was employed for re-
gression analysis between the heavy metal contents and the
urbanization parameters. Besides, variance analysis
(ANOVA) was conducted to investigate heavy metal accumu-
lation affected by vegetative cover types. The least significant
difference (LSD) and post hoc Tamhane’s T2 were applied in
multiple comparison tests for variables with homogeneity and
non-homogeneity of variance, respectively.

3 Results and discussion

3.1 Descriptive statistics

A statistical description of elemental concentrations of resi-
dential soils in Beijing is summarized in Table 1. When we
compared measured concentrations to corresponding back-
ground values, only the mean of Cd was greater than its back-
ground value. The means of the rest elements were either
lower than (Co, Cr, Mn, Ni, V, and Zn) or similar to (Cu and
Pb) their background values. Most of the measured maximum
values were also below (Co, Cr, Mn, Ni, V) or similar to (Cd
and Cu) their corresponding background values. However, Pb
and Zn had maximum concentrations more than twice their
corresponding backgrounds. It indicated the external accumu-
lation of the two elements in the surface soils. The coefficients
of variation (CV) of the elements in this study ranged from
10.0% to 69.2%. The CVs of Cu, Pb, and Zn were rather
greater. While the remaining elements, especially Co, Mn,
and Ni were obviously weaker, indicating that their contents
were quite constant.

3.2 Pollution identification

PCA and CAwere carried out to classify elements from sim-
ilar sources and identify the main pollutants in residential
soils. Results of PCA analysis are shown in Table 2. All the
metals were explained by three principal components taking
more than 82% of the total variance. Factor 1 was primarily
loaded with Cu, Cd, Pb, and Zn, explaining 32% of total
variance. Factor 2 was mainly loaded with Cr, Mn, and V
and factor 3 was represented by Co and Ni. The same groups
as those by PCAwere classified by CA: group 1 for Cu, Cd,
Pb, and Zn; group 2 for Cr, Mn, and V; and group 3 for Co,
and Ni (Fig. 2). It could be deduced from PCA and CA that the
emission sources of Cu, Cd, Pb, and Znwere probably similar,
same as the elements of Cr, Mn and V, and Co and Ni.
Comparison with the backgrounds, we could conclude that
Cu, Cd, Pb, and Zn were the dominating heavy metals accu-
mulated in residential areas of Beijing. Thus, the emphasis of

this study will further shift to the investigation of patterns of
the dominating elements.

Comparing the means of the main heavy metals in residen-
tial areas to those in other land use types and the whole city
from previous studies (Chen et al. 2005, 2010; Sun et al. 2011;
Wang et al. 2012b), the means of Cu, Cd, and Pb in residential
areas in Beijing were mostly less than those in other land use
types in Beijing (Table 3). Mean concentration of Pb in resi-
dential soils was greater than those of agricultural soil and the
whole city, while mean value of Zn was larger than that in
other land use types.

3.3 Spatial distribution pattern

The spatial distribution of the four elements identified as the
most accumulated heavy metals was illustrated in Fig. 3. The
concentration of each heavy metal was categorized into three
intervals based on its range. The spots or regions with the
highest or lowest concentration intervals of each metal are
highlighted. In general, all heavy metals were distributed un-
evenly in Beijing residential areas. The highest concentration
almost accumulated in the center, particularly within the 3rd
ring road of Beijing. Heavy metal contents in residential areas
within the inner rings were higher than those located in outer
ones. Most heavy metals had their lowest values at the north-
west quadrant in the study area.

Specifically, for the concentrations of Cu (Fig. 3a), Pb
(Fig. 3b), and Zn (Fig. 3c), apart from the high contaminated
region within the 2nd ring road, other highly contaminated
spots were separated at northeast, northwest, and southeast
quadrants within/or near 3rd ring roads. In contrast, the rele-
vant concentrations in residential soils between the 4th and 5th
ring roads, especially in the west part and southeast quadrant
of Beijing, were relatively low. The similar distributions of the
metals in the corresponding figures suggested that they might
probably have similar emission resources (Fig. 3).

For Cd, its distribution in residential soils was generally
higher in the southeast, while the lower Cd concentration was
found in the northwest part of Beijing (Fig. 3b). The Cd content
was not obviously accumulated in the center. High Cd concen-
tration spots were distributed sporadically in different directions.

3.4 Related influencing factors

General description of related influencing factors is shown in
Table S1 (Electronic Supplementrary Material). Ages of the
residential communities in this work ranged from4 to 36 years,
averaged 18.5 years. Distances to the city center were from 1.4
to 12.8 km with an average of 7 km. Population densities in
investigated residential communities ranged from 4.6 to 77.1
thousand persons/km2, with a mean value of 20.1 thousand
persons/km2. Distances from sampling points to the nearest
buildings ranged from 1 to 40 m, averaged 8.2 m. Heights of
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the residential buildings ranged from 3 to 90 m, and averaged
28.3 m. And, the green space areas in residential communities
were from 5.7 to 7009.8 m2, with an average of 784.7 m2.

3.4.1 Urbanization factors

Results of Spearman correlation analysis showed that Cu, Cd,
Pb, and Zn in residential soils followed similar trends regarding
to each residential urbanization indicator in Table 4. Heavymetal
concentrations were significantly positively correlated with con-
struction age and population density of residential community

but negatively correlated with distance to the city center and
distance to the nearest building (Table 4). Besides, linear regres-
sions between the logarithm of concentrations of Cu, Cd, Pb, and
Zn, and the logarithm of urbanization indicators were further
explored in Fig. S2 (Electronic Supplementrary Material).

Spearman correlation and linear regression analyses be-
tween heavy metals and population density of residential com-
munity in Table 4 and Fig. S2c (Electronic Supplementrary
Material) indicated the impacts of the resident activities.
Additionally, heavy metal accumulations in residential soils
were significantly influenced by the distance to the nearest

Table 1 Descriptive statistics of
heavy metal concentrations of
residential soils in Beijing (mg/
kg)

Mean Minimum Maximum Median S.D. CV(%)

Cd

This study 0.139 0.071 0.358 0.130 0.045 32.3

Background valuea 0.074 0.005 0.339 0.073 0.058 78.4

Relative variation 0.878 13.200 0.056 0.781

Co

This study 6.66 5.10 8.72 6.666 0.67 10.0

Background valuea 15.6 10.4 28.0 14.2 4.45 28.5

Relative variation − 0.573 − 0.510 − 0.689 − 0.531
Cr

This study 48.3 13.6 86.5 45.2 17.6 36.4

Background valuea 68.1 50.6 163 64.4 15.9 23.3

Relative variation − 0.291 − 0.731 − 0.469 − 0.298
Cu

This study 23.5 8.20 103 18.6 15.2 64.7

Background valuea 23.6 15.0 101 23.7 4.68 19.8

Relative variation − 0.004 − 0.453 0.020 − 0.215
Mn

This study 509 259 736 528 106 20.8

Background valuea 685 206 1370 705 254 37.2

Relative variation − 0.257 0.257 − 0.463 − 0.221
Ni

This study 16.1 11.9 32.6 16.0 2.2 13.8

Background valuea 29.0 17 48.9 27.4 29.0 100

Relative variation − 0.445 − 0.300 − 0.333 − 0.416
Pb

This study 27.3 11.7 101 21.2 15.6 57.3

Background valuea 25.4 10 46 24.1 6.29 24.8

Relative variation 0.075 0.170 1.196 − 0.120
V

This study 63.8 26.1 99.5 61.1 19.5 30.1

Background valuea 79.2 57.7 134 75.7 17.8 22.5

Relative variation − 0.194 − 0.548 − 0.257 − 0.416
Zn

This study 96.2 25.0 521 76.5 66.6 69.2

Background valuea 103 48.2 226 97.5 35.4 34.5

Relative variation − 0.066 − 0.481 1.305 0.032

a CNEMC (China National Environmental Monitoring Center) 1990
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building (Table 4 and Fig. S2d, Electronic Supplementrary
Material). Previously, Schwarz et al. (2012) have examined
the correlation between concentration of Pb in soil and distance
to the nearest building, and speculated that the significant cor-
relation between Pb concentration in soil and distance to the
nearest building was due to the Pb-based paint source at the
sampling buildings in residential areas. In our study, the same
pattern was also applied to Cu, Cd, and Zn. Specifically, Cd
and Pb widely originated from the painting and pigment in old

buildings before the prohibition of lead-based painting.
Besides, Cu, Cd, Pb, and Zn might commonly exist in the
backer of PVC windows. Cu and Zn are important elements
serving as the stabilizers for soldering. For security reasons, the
windows of the apartments living in lower floors were widely
equipped with soldered burglary-resisting bars, which were
enriched with alloyed metal including Cu, Cd, Pb, and Zn.

Spatial distribution of heavy metals (Cu, Cd, Pb, and Zn)
with respect to spatial urbanization patterns, including age of
residential community, distance to the city center, population
density, and distance to the nearest building, is displayed in
Fig. 3 as well as Figs S3, S4, and S5 (Electronic
Supplementrary Material). Spots with older residential com-
munities, shorter distances to the city centers, denser popula-
tion districts, and closer distance to the residential buildings
were always located at higher concentration accumulated re-
gions. Thus, statistically significant correlations between the
heavy metal concentrations and the relevant urbanization fac-
tors could be presented in terms of spatial data. Result of the
spatial correlations between the concentrations and urbaniza-
tion indicators also justified the previous analyses.

3.4.2 Landscape factors

The residential buildings and residential green space may
serve as barriers against atmospheric deposition of pollutants
on residential soils. Statistical analysis showed that there was
significant Spearman correlation between the heavy metal
contents and building height and green space area (P < 0.01).

Fig. 2 Hierarchical dendogram
for the elements obtained by
Ward’s method in residential soil
in Beijing

Table 2 Total variance explained and rotated component matrix for the
elements of residential soil in Beijing (significant principle component
loadings are italicized)

Element Rotated component

1 2 3

Cd 0.693 − 0.004 0.312

Co 0.186 0.026 0.937

Cr 0.082 0.948 0.005

Cu 0.940 0.026 0.028

Pb 0.828 0.063 0.082

Mn 0.154 0.861 0.171

Ni − 0.002 0.058 0.937

V 0.027 0.965 − 0.063
Zn 0.874 0.255 − 0.091
Percentage of variance 32.00 29.38 21.15

Cumulative percent 32.00 61.38 82.53

Extraction method: principle component analysis. Rotation method:
Varimax with Kaiser normalization
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However, during the last several decades, the construction,
development, and renewal of Beijing have expanded from
inner ancient town outward the outer rings. Therefore, the
younger residential communities usually construct taller
buildings and own larger green land area.

To get rid of the disturbances of urbanization process, partial
correlations were carried out by controlling the urbanization fac-
tor (Table 4). The results of partial correlation disagreed with
Spearman. The partial correlations showed that the heavy metal
accumulation has significant correlation neither with the height
of the nearest building nor the green space area in residential
areas in Beijing.

The result showed that both the residential building height
and residential green space area actually provided little infor-
mation on the cause of contamination abatement in urban
environment. The reason behind higher soil contamination
in the residential communities with shorter height buildings
and less green space area might primarily be explained by the
legacies of long-term human inhabitation and urbanization
levels rather than the functions of residential building and
green space area in residential communities. Additionally, sur-
face soils in those newly built residential communities were
more likely to be displaced by deep or alien soil in the course
of construction. Hence, the results from partial correlations

Fig. 3 Geochemical maps correlating the spatial distribution of heavy metals with the spatial patterns of urbanization factor (age of residential
community)

Table 3 Comparison of the heavy
metal concentrations between
residential and other land use soils
in Beijing

Number Cu Cd Pb Zn

Mean values in this study (mg/kg) 115 23.5 0.139 27.3 96.2

General soil of Beijing (mg/kg) (Wang et al. 2012b) 233 31.7 0.13 23.3 92.9

Roadside soil of Beijing (mg/kg) (Chen et al. 2010) 80 29.7 0.215 35.4 92.1

Park soil of Beijing (mg/kg) (Chen et al. 2005) 30 71.2 – 66.2 87.6

Agricultural soil of Beijing (mg/kg) (Sun et al. 2011) 98 24.4 0.147 25.7 –

154 J Soils Sediments (2019) 19:148–158



were more reliable than those from Spearman ones. The two
landscape factors, height of the nearest building and green
space area, did not contribute to the interception of heavy
metal contamination, at least they were not the main factors.
Though various urban parameters were discussed in previous
studies (Mielke 1999; Mielke et al. 2004; Yesilonis et al.
2008), some important landscape indicators in residential
communities, e.g., height of the nearest building and green
space area, were often ignored. The result in this section could
be served as an important complementary evidence for heavy
metal accumulation patterns in urban context.

3.4.3 Soil environmental factors

The ranges of pH and soil organic matter (SOM) in residential
soils were from 7.98 to 8.84 and from 0.500 to 5.200, with
coefficients of variance of 1.87 and 28.4%, respectively, sug-
gesting that pH was evenly distributed in the study area, while
SOM concentrations were more variable. Besides, the results
of Spearman correlation analysis between heavy metals and
soil environmental factors are displayed in Table 4. The results
showed that all the elements were significantly negatively
correlated with soil pH. Although it has been known that the

metals could become immobile in alkaline soil environment
(McBride 1981; Tiller et al. 1979; Kabata-Pendias 2001), the
range of soil pH in this study was narrow. It has also been
documented that the residential soils in Northern China are
generally alkaline (Xi 1998; Liu et al. 2016). Therefore, pH
would not strongly fluctuate the solubility of heavy metals,
and the trend from Spearman analysis might not be reliable.

Meanwhile, the results also indicated that SOM had a pos-
itive correlation with heavy metal contents. It has been report-
ed that mobilized Cu could be captured by SOM and the Pb
content of surficial soil would be primarily ascribed to the
organic matter in the earth surface (Fleming et al. 1968;
Kabata-Pendias 2001). Besides, SOM was also capable of
bonding Cd and Zn in stable forms (John 1972; Kabata-
Pendias 2001). Therefore, organic matter should be consid-
ered as an important sink of the relevant elements.

3.4.4 Impact of vegetative cover types

The algebra mean values and variances of soil heavy metal
accumulation under different vegetative cover types are sum-
marized in Table 5.

Table 4 Correlations and partial
correlations between heavy
metals and urbanization
indicators

Cu Cd Pb Zn

AR Spearman’s rho 0.462** 0.329** 0.517** 0.394**

DC − 0.603** − 0.359** − 0.580** − 0.527**
PD 0.354** 0.196* 0.366** 0.356**

DB − 0.515** − 0.394** − 0.527** − 0.420**
pH − 0.350** − 0.340** − 0.318** − 0.249**
SOC 0.724** 0.632** 0.751** 0.589**

HB Spearman’s rho − 0.389** − 0.325** − 0.467** − 0.375**

Partial correlation − 0.046 − 0.194 − 0.139 − 0.101
GA Spearman’s rho − 0.383** − 0.313** − .429** − .340**

Partial correlation − 0.113 − 0.184 − 0.188 − 0.092

AR age of residential community,DC distance to the city center, PD population density of residential community,
DB distance from sampling point to the nearest residential building, SOM soil organic matter, HB height of the
nearest residential building, GA green space area

*Correlation is significant at the 0.05 level

**Correlation is significant at the 0.01 level

Table 5 Multiple comparison of
soil heavy metal accumulation
under different vegetation cover
types

Cu (mg/kg) Cd (mg/kg) Pb (mg/kg) Zn (mg/kg)

Arbor 37.2 a 0.154 ab 39.4 a 142.2 a

Shrub 24.3 b 0.147 abc 22.5 b 93.1 b

Herb 28.6 b 0.122 bc 22.5 b 81.0 b

Arbor-herb 27.6 b 0.119 c 30.1 ab 76.4 b

Shrub-herb 27.0 b 0.124 bc 20.8 b 82.5 b

Arbor-shrub-herb compound 23.2 b 0.162 a 26.1 b 94.0 b

Means followed by different letters indicate significant difference according to ANOVA (P < 0.05)
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The mean contents of Cu, Pb, and Zn in soil under arbor
cover were significantly higher than those under most of the
rest vegetative cover types, respectively (P < 0.05). The con-
centration of Cu in soil under arbor cover (37.2 mg/kg) was
significantly greater than those under other cover types (P <
0.05). None of Cu concentration under other types exceeded
30 mg/kg. The mean Pb concentration under arbor cover type
was 39.4 mg/kg, while the Pb concentrations under most of
the other vegetative cover types were around 20 mg/kg. Also,
the mean Zn concentration under arbor type reached
142.2 mg/kg, and Zn concentrations under other vegetative
cover types were below 100 mg/kg.

The arbor type has a relatively high profile to capture at-
mospheric suspended particulates containing heavy metals
(Peng et al. 2012). Heavy metals in atmospheric deposition
would be rinsed during precipitation and directly accumulate
in soil. Therefore, arbor cover type was more efficient to cap-
ture atmospheric contaminations than other types. Moreover,
more attention has been paid to the planted landscape in res-
idential areas of Beijing leading to regular and productive
management of grass and shrub by property rangers. On the
contrary, less care has been taken of the soil under arbors
compared with other types. For instance, leaves, litter materi-
al, and trash under arbors might be left unattended. As a result,
soils under arbor vegetation were easier to accumulate some
heavy metals. Besides, several investigations on the balances
of Cu, Pb, and Zn in different ecosystem have also demon-
strated that the atmospheric input of the metals greatly exceed
their output including leaching and biomass production
(Kabata-Pendias 2001). Thus, it indicates that the accumula-
tion of Cu, Pb, and Zn may be highly dependent on the atmo-
spheric deposition in residential areas of Beijing.

The soil under compound vegetative cover type should
have had a significant effect in intercepting the heavy metal
contamination from atmospheric deposition. However, none
of the soil under the multi-layers with different compound
vegetative cover accumulated quite high heavy metal contents
except for Cd (Table 5), probably because the understory
plants with the soils under multiple layers were carefully
attended. The grass clippings, defoliation, and litters would
be removed before the heavymetals migrated into the soil with
the decomposition of detritus (Peng et al. 2012). Additionally,
the soil under compound vegetative cover type might receive
more intensive anthropogenic disturbance than that under ar-
bor type. Thus, the compound type with multiple layers did
not exhibit any superior in intercepting heavy metals to the
other vegetation cover types in residential areas in this study.

In contrast, the mean concentration of Cd in soil under
arbor-shrub-herb compound type (0.162 mg/kg) was discov-
ered to be greater than that in herb (0.122 mg/kg), arbor-herb
(0.119 mg/kg), and shrub-herb (0.124 mg/kg) at P < 0.05.
However, the concentration of Cd in arbor type did not prevail
over other vegetation cover types. The fact that Cd did not

show the same trends as other metals did suggests that only a
little proportion of accumulation of Cd in residential areas
might originate from atmospheric deposition. The local con-
tamination might contribute more to the accumulation of Cd,
such as wastewater discharge or residential waste dumping.
Besides, though Cd is a non-essential element for metabolic
process, it could be effectively absorbed by the root and leaf
system of plants (Kabata-Pendias 2001). Therefore, the Cd in
local soil might also be disturbed by the absorption of the type
and biomass of the plants.

The impact of vegetative cover types on heavy metal accu-
mulation in this study presented detailed evidence of heavy
metal accumulation features in urban areas. Other studies have
proven that leaves of common species are able to accumulate
atmospheric heavy metals (Tomašević et al. 2004; Rodríguez
et al. 2007). The effect of arbor species on removal of atmo-
spheric particulates has also been demonstrated (Paul et al.
2000; Tallis et al. 2011; Nowak et al. 2013). Arbor plants
could thus be served as indicators of heavy metal pollutions
in urban regions (Miguel et al. 1997; Rodríguez Martín et al.
2015). Schwarz et al. (2012) found no significant difference
between different vegetative categories, which is contradicto-
ry to the present study. The concentrations of heavy metals in
the previous study remained extremely high compared to
those in this study. The ability of capturing particles by trees
was thus prone to be hidden even swamped by the elevated
concentrations. In this study, the landscape features including
vegetative cover types could be considered to influence the
heavy metal accumulation in urban areas.

4 Conclusions

This study investigated soil heavy metals from 115 sampling
sites in urban residential areas of Beijing. The results revealed
the potential influence of urbanization factors and green space
patterns on the accumulation of heavy metal in urban residen-
tial soils. The main findings are as follows:

1. Cu, Cd, Pb, and Zn were identified as the most accumu-
lated heavy metals in residential soils in Beijing. In gen-
eral, their concentrations were lower than those in other
urban land use types.

2. Spatial distribution of heavy metal accumulation in resi-
dential soils was described. Severe heavy metal accumu-
lated areas were mostly located within the 3rd ring road
especially in the center of Beijing. While the outer rings
suffered less contamination.

3. Urbanization indicators, including age of the residential
community, distance to the city center, population density,
and distance from sampling point to the nearest residential
building, were found significantly correlatedwith the con-
tents of Cu, Cd, Pb, and Zn.
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4. The height of buildings and green space area generally
had little to do with contamination interception in residen-
tial soils, which at least are not the main factors.

5. We also found that the concentrations of Cu, Cd, Pb, and
Zn had significant differences among various vegetative
cover types in the residential areas. The contents of Cu,
Pb, and Zn in residential soils probably originated from
atmospheric deposition. While the Cd content might be
less atmospheric deposition dependent.
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