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To identify the distribution of heavy metals in sewer sediments and assess their potential harmfulness to the environment and
human health, the occurrence of Pb, Zn, Cu, and Cd in the sewer sediment of six functional areas and two streets in an inner-city
suburb of Beijing, China, was investigated by using a sequential extraction procedure. Results show that the concentrations of Cu,
Zn, Cd, and Pb vary between 50 and 175, between 80 and 180, between 0.75 and 2.5, and between 20 and 110mg/kg, respectively, and
Fe-Mn oxide fraction is significant for all metals in sampling areas. Pollution assessment shows that 1–2% of Cu at Chegongzhuang
Street and 1–3% of Zn at Fuwai Street in the exchangeable fractions are of low risk. 10–25% of Cd at six functional areas indicates
medium risk. 40–60% of Pb at Fuwai Street existing in the exchangeable fractions is of high to very high risk. The sum of these
metals associated with exchangeable, carbonate bound, and Fe-Mn oxide fractions is quite high; however, these three fractions
represent the proportion of heavy metals that can be remobilized by changes in environmental conditions.

1. Introduction

Over the last three decades, urbanization and industrializa-
tion have taken place at an unprecedented pace in China.
Urban environmental pollution has become a very important
topic for environmental researchers [1]. Beijing, the capital
of China, is the political, economic, and cultural central of
the nation and is also one of the oldest and most densely
populated cities in the world. The rapid development has
exerted considerable pressure on the urban environment.The
quality of sewer sediment is one of the important potential
pollution indicators for urban environment [2].

For the various pollutants, heavy metals are a serious
threat to the sediment quality due to their persistence after
entering the sewers. In general, the distribution of heavy
metals in sewer sediment is affected by the mixed effect
model, for which human activity modes, climate variables,
and soil properties were identified as fixed effects, while
sampled sites were deemed as random effects [3]. Among
these, the impacts of human activitymodes onmetal distribu-
tion are biased and mainly include waste disposal and other
industrial and urban activities [3]. In different functional

areas and streets, variousmetalsmay relate tomanymobile or
stationary sources, such as vehicular traffic, industrial plants,
power generation facilities, residential oil burning, waste
incineration, city construction and demolition activities, and
the resuspension of surrounding contaminated soils [4].
During rainfall, metals from these sources are washed from
roofs, roads, and other surfaces into the rain water system
and then into the separate sewers system. Part of heavy
metals transferred into sewage is thus stored within the sewer
sediment during dry weather [5]. Upon overflows, sewer
sediment may contribute up to 50% of the total load of metal
contaminants discharged into the receiving waters [6].

In sewer system, the fate and behavior of heavy metals
are governed by several reactions, including precipitation,
adsorption, complexation, and methylation [7, 8]. Accumu-
lation of heavy metals in this system can reduce the content
of microbial biomass, limiting the functional diversity [8].
However, it is difficult to assess the metal pollution levels
by determining the total metal concentration only. Chen
et al. [8] and Achiba et al. [9] have reported that the
distribution of heavy metals in soils was affected by several
factors, including physicochemical properties of soils, redox
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Figure 1: Sampling sites in Xicheng District of Beijing, China. Note: black spots represent functional areas including old residential area (I),
comprehensive area (II), new residential area (III), pedestrian only commercial area (IV), educational area (V), and business area (VI). Heavy
traffic area at Chegongzhuang Street (C1 to C4) and Fuwai Street (F1 to F5).

potential, and ligand, and the same applies to the distribution
of heavy metals in sediment. In general, the toxicity and
mobility of heavy metals in the sediment depend on both
the total concentration and their specific chemical forms
including exchangeable fraction, carbonate bound fraction,
Fe-Mn oxide bound fraction, organically bound fraction, and
residual fraction [10]. Thus not only the total concentration
but also the chemical fractionation should be taken into
account in pollution studies.

Althoughmany studies have investigated the distribution
of heavy metals in sediment, they mainly focus on the river
sediment [11–13] and road dust [14, 15]; limited informa-
tion is available for sewer system, especially for developing
countries, for example, China. In addition, in the previous
literatures on sewer system, the heavy metals have generally
been assessed in terms of total loads [16, 17]. However, the
knowledge of metal distribution characteristics stored in
sewers is of prime importance for the management of wet
weather flow pollution by heavy metals. Thus, the spatial
distribution of heavy metals in sewer sediment of areas in
Xicheng District, Beijing, was investigated. The objectives
of this study are (i) to determine the total concentration
of four metals including Pb, Cd, Zn, and Cu in the sewer
sediment; (ii) to determine the chemical fractionations of
these metals; (iii) to carry out a preliminary assessment of
their environmental risks.

2. Material and Methods

2.1. Sampling. Seventy-two sewer sediment samples were
collected from two streets and six surrounding functional

areas in Xicheng District of Beijing in August 2010. The six
areas (I to VI in Figure 1) included the old residential area (I);
comprehensive area including residential area and a college
(II); the new residential area (III), one of the biggest residen-
tial areas in Xicheng District; a pedestrian only commercial
area (IV); educational area (V): Beijing University of Civil
Engineering and Architecture; and business area with lots
of commuters (IV). Additionally, spots at Fuwai Street (F1
to F5) and Chegongzhuang Street (C1 to C4) were selected
representing heavy traffic areas (Figure 1).

2.2. Analytical Methods. Immediately after collection, sam-
ples were dried at room temperature (25 ± 2∘C) and
ground with a pestle and mortar. Then the sediments were
sieved through a 2mm sieve to reduce coarse particles.
For microwave digestion, 0.5 g of the sediment samples was
digested with amixture of HF-HClO

4
described in a previous

study [10]. The concentrations of Cu, Zn, Cd, and Pb in the
digests were then determined by the flame atomic absorption
spectrophotometry.

Sequential extraction procedures were used to determine
the metal fractionation in the sediments [10]. The method
consists of the following steps.

(1) Exchangeable fraction is extracted with magnesium
chloride.

(2) Carbonate bound fraction is extracted with sodium
acetate.

(3) Fe-Mnoxide bound fraction is extractedwith hydrox-
ylamine hydrochloride/acetic acid.
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(4) Organically bound fraction is extracted with nitric
acid/hydrogen peroxide/ammonium acetate.

(5) Residual fraction is extracted with hydrochloric/per-
chloric acids.

Each extraction was followed by centrifugation at
10,400 rpm for 30min. The supernatants were filtered using
0.45 𝜇m filters and kept in sterilized flasks in a cold room
(−4∘C) until analysis. All metal concentrations were deter-
mined by flame atomic absorption spectrometry. The lab-
oratory standards for the metals were tested with standard
reference material. Average values of five replicates of stan-
dards were taken for each sample. Quantification of metals
was based on the calibration curves of standard solutions.

2.3. Statistical Analysis. SPSS 16.0 software was used for the
statistical analysis of this study. The statistical differences
among the mean data were analyzed by the one-way analysis
of variance, followed by Tukey’s post hoc test at 5% level.

2.4. Pollution Assessment. The potential ecological risk index
(𝑅
𝐼
) is used to assess the ecological risks of heavy metals in

sediment [10]. The 𝑅
𝐼
value is computed using the following

equation:

𝐶
𝑖

𝑓
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𝐶
𝑖
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,

(1)

where 𝐶𝑖
𝑓

is the single metal pollution index; 𝐶𝑖
𝑛

is the total
content of metal 𝑖 in the samples; 𝐶𝑖

𝑜

is the reference value
for the metal 𝑖; 𝐸𝑖

𝑟

is the single metal potential ecological risk
index; 𝑇𝑖

𝑟

is metal’s toxic response factor, 1 for Zn, 5 for Cu, 5
for Pb, and 30 for Cd;𝑅

𝐼
is the potential ecological risk caused

by the overall contamination.

3. Results and Discussion

3.1. Total Concentrations ofHeavyMetals inDifferent Sampling
Sites. The total metal concentrations in sediment samples
collected from different functional areas are summarized
in Figure 2(a). The concentrations of Cu, Zn, Cd, and
Pb vary between 50 and 175, 80 and 180, 0.75 and 2.5,
and 20 and 110mg/kg, respectively. Except Pb in the new
residential area (III), the concentrations of metals studied
exceed the background values of sediment in Beijing (the
background values of Cu, Zn, Cd, and Pb are 11.27, 76.8,
0.12, and 21.71mg/kg, resp.) [18], with the levels of Cu, Cd,
and Pb being more than 4 times the background values,
indicating that the pollution may come from human factors.
The highest Cu and Zn concentrations are found in old
residential area (I) with the values of 175 and 180mg/kg,
respectively, and followed by commercial (IV) and business
areas (VI). Higher accumulation of organic matter in the
sediment of the old residential area, heavy traffic, and more

frequent construction and decoration in the commercial and
business areas may have contributed to the high levels.

In general, the Cu, Zn, and Pb concentrations in the
sediment are significantly higher than Cd on Fuwai Street
(𝑃 < 0.05, Figure 2(b)). The highest Cu concentration is
110mg/kg at sites F1 and F4, and Cu pollution can be found
in house dust relating to the time when there is pollution in
exterior dust and soils reported previously in Ottawa [19]. In
addition, high concentrations of the four metals are observed
in F2, F3, and F4, which may be attributed to the high traffic
volumes as these three sites are located near the intersection.
The vehicular-related deposition of particles may primarily
come from vehicle exhaust particles, lubricating oil residues,
tire wear particles, brake lining wear particles, and particles
from atmospheric deposition, plant matter, and materials
produced by the erosion of the adjacent soil [20].

At Chegongzhuang Street, except Zn from C4, the con-
centrations of metals in four sites are similar (𝑃 > 0.05,
Figure 2(c)). Compared to the metal concentrations from
studies in other Chinese cities, a relatively lower level of
heavy metals in the sediment is shown in this study [21,
22]. However, compared to an earlier study in Beijing [23],
slight increase in Cu and Pb concentrations is observed in
our result, which may be due to the rise of gasoline use.
Although leaded gasoline is banned in Beijing from 1997,
the sediment may have acted as a reservoir for Pb pollution
over the years. In addition, it is clear that Cd is present at
higher concentrations relative to the background sediment
values of Beijing (0.12mg/kg, 𝑃 < 0.05), as both sides of the
Chegongzhuang Street are residential areas, suggesting that
Cd pollution may be due to human factors.

3.2. Metal Speciation in Different Sampling Sites

3.2.1. Metal Speciation in Functional Areas. The Fe-Mn oxide
bound fraction is significant for allmetals.With the exception
of commercial area (IV) and Zn in educational area (V),
Fe-Mn oxide bound fraction of Cu (30%–65%) and Zn
(30%–45%) are the largest proportions at various functional
areas (Figure 3). Cd and Pb are dominated by carbonate
bound fraction (25%–40%) and residual fraction (43%–80%),
respectively (Figure 3).

The four metals demonstrate significant variations in
speciation among sites (𝑃 < 0.05, Figure 3). Cu in old and
new residential areas (I and III), comprehensive area (II),
and educational area (V) are dominated by the Fe-Mn oxide
bound fraction, with a range of 50%–65%, which may be
because of the absorbing capacity and high surface area of Fe-
Mn oxide bound fraction plus the ability of Cu to replace Fe2+
in the Fe-Mn oxide fraction [24]. In commercial area (IV),
however, the organically bound fraction is significant for all
metals and is themain part of Cu and Zn (>30%), and similar
results are obtained by Li et al. from street dusts [14].The car-
bonate bound, Fe-Mn oxide bound, and organically bound
Cu fractions are similar in their contributions in business area
(VI), with values of 24%, 32%, and 28%, respectively.

Fe-Mn oxide bound fraction plays an important role
in nonresidual fraction of Zn, especially at old residential
area (I), comprehensive area (II), and new residential area
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Figure 2: Metal concentrations of (a) six functional areas: (I) old residential area, (II) comprehensive area, (III) new residential area, (IV)
pedestrian only commercial area, (V) educational area, and (VI) business area; (b) Fuwai Street; (c) Chegongzhuang Street.

(III). The large part for Fe-Mn oxide bound fraction may be
attributed to the adsorption, flocculation, and coprecipitation
of metal Zn with the colloids of Fe and Mn oxy-hydroxide
[25]. In commercial (IV) and business areas (VI), fraction
distribution of Zn shows a similar pattern to Cu.

Compared to other metals, Cd shows more evenly frac-
tional distribution, with Fe-Mn oxide bound fraction ≈
carbonate bound fraction ≈ organically bound fraction ≈
exchangeable fraction > residual fraction. Similar results are
obtained in previous studies on street dusts [14]. It is worth
noting that a significant difference is observed that some Cd
exists in very labile forms at all sites. Exchangeable fraction

and carbonate bound fractions reach up to 40%–70% of the
total Cd.

Most of Pb is in the residual fraction (45%–80%) and
Fe-Mn oxide bound fraction (10%–40%) (Figure 3). The
dominance of the residual fraction for Pb is largely dependent
on the continental origin of the element [26].

3.2.2. Metal Speciation in Fuwai Street. As shown in Fig-
ure 4, the Cu that bound to the organically bound and
residual fractions is 45%–70% and 25%–55%, respectively.
This phenomenon may be explained by the easy formation
of high stability constants of organic-Cu compounds [25]. As
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Figure 3:The fractionation distribution of metals Cu, Zn, Cd, and Pb in six functional areas: (I) old residential area, (II) comprehensive area,
(III) new residential area, (IV) pedestrian only commercial area, (V) educational area, and (VI) business area. Note: E, C, Fe-Mn, O, and R
represent exchangeable fraction, carbonate bound fraction, Fe-Mn oxide bound fraction, organically bound fraction, and residual fraction,
respectively.

reported in earlier studies on polluted sediment, extractable
Cu is mainly associated with the organic phase and is likely
to occur as organically complexed metal species [27]. Even
though Cu is generally adsorbed to a greater extent than
othermetals, the high affinity of Cu2+ ions for soluble organic
ligands may greatly increase their mobility in sediments [25].

For Zn, the residual fraction (65%–85%) is the most
dominant in the sediment from all sites, followed by the
Fe-Mn oxide bound and organically bound fractions, with
the combined ranges of 10%–30%. The association of Zn
with residual fraction can be regarded as the contribution by
nature sources and is relatively stable in the environment [28].
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Figure 4: The fractionation distribution of metals Cu, Zn, Cd, and Pb at Fuwai Street. Note: E, C, Fe-Mn, O, and R represent exchangeable
fraction, carbonate bound fraction, Fe-Mn oxide bound fraction, organically bound fraction, and residual fraction, respectively.

The metal that associated with the Fe-Mn oxide bound
and organically bound fractions can be mobilized when
environmental conditions changed by reduction or oxidation
[28].

The fractional distribution of Cd on Fuwai Street is
relatively different between sampling sites. At site F1, Cd
primarily bound to the carbonate bound fraction, and similar
result has been reported by Yao et al. [29] and Yao [30]

for Dongting Lake in central China. At sites F2, F3, and
F4, Cd mainly bound to the residual fraction, while at F5,
it is dominated by Fe-Mn oxide bound fraction. As Cd
has a predominate presence and is readily released in the
surface sediment, the sediment in Fuwai Street may become
bioavailable.

Pb mainly bound to the exchangeable fraction (40%–
60%) and is followed by Fe-Mn oxide bound and residual
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Figure 5: The fractionation distribution of metals Cu, Zn, Cd, and Pb at Chegongzhuang Street. Note: E, C, Fe-Mn, O, and R represent
exchangeable fraction, carbonate bound fraction, Fe-Mn oxide bound fraction, organically bound fraction, and residual fraction, respectively.

fractions. Our result is different from those in regions
influenced by industrial effluents, including coastal sediment
in Spain [31] and marine sediment in Singapore [11], where
Fe-Mn oxide bound fractions are found to be themain carrier
sediment.This variation indicates different pollution sources,
as Fuwai Street is influenced more by high volume traffic.

3.2.3. Metal Fractionation on Chegongzhuang Street. The
organically bound fraction of Cu dominated all sampling

sites (75%–80%, Figure 5), which is probably due to its more
pronounced tendency for complexation with organic matter,
thus showing low bioavailability [32]. Similar findings are
observed in Nainital Lake, India [33].

The residual fraction of Zn is the largest proportion at all
sampling sites, with percentages of 40%–60%, which indicate
that it is incorporated into the mineral phase and is therefore
of natural geochemical origin [34]. In addition, a moderate
amount of Zn exists in the carbonate bound, Fe-Mn oxide
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Table 1: The 𝐸𝑖
𝑟

and 𝑅
𝐼

values of the heavy metals.

Sampling
sites

𝐸
𝑖

𝑟 𝑅
𝐼Cu Zn Cd Pb

I 73.79 2.73 298.77 21.04 396.33
II 31.06 1.24 250.00 20.73 303.03
III 24.03 1.03 173.53 5.83 204.42
IV 48.72 1.54 545.09 25.11 620.46
V 20.48 1.23 472.75 12.75 507.21
VI 38.05 1.73 248.58 14.60 302.96
F1 46.58 1.43 375.00 24.18 447.19
F2 23.51 1.63 625.00 33.39 683.53
F3 24.40 1.95 899.00 23.03 948.38
F4 48.80 1.82 875.00 24.64 950.26
F5 39.93 0.98 250.00 26.49 317.40
C1 37.27 1.30 375.00 19.35 432.92
C2 39.93 1.11 312.50 20.73 374.27
C3 48.80 1.17 262.50 21.84 334.31
C4 35.49 1.69 250.00 22.99 310.17
Mean
value 38.72 1.50 414.18 21.11 475.52

(I) old residential area, (II) comprehensive area, (III) new residential area,
(IV) pedestrian only commercial area, (V) educational area, and (VI)
business area; Chegongzhuang Street (C1 to C4) and Fuwai street (F1 to F5).

bound, and organically bound fractions, with the proportions
of 7%–20%, 10%–20%, and 18%–20%, respectively. Metals in
the carbonate bound and Fe-Mn oxide bound fraction are
labile and may enter the food chain [33].

In terms of Cd, 60%–90% is associated with carbonate
bound and Fe-Mn oxide bound fractions and can be easily
remobilized by changes of environmental conditions.

The fractional distribution of Pb indicates that a major
portion (>60%) of Pb is associated with organically bound
and residual fractions at all sites. The metal associated
with these fractions cannot be remobilized under normal
conditions. A significant amount (about 30%) of Pb is also
found to be associated with the Fe-Mn oxide bound fraction,
which may indicates dominance of human sources through
municipal discharges, and similar result is found in the
sediment from Xiangjiang River [12].

3.3. Pollution Assessment

3.3.1. Pollution Assessment of Total Metals. In this study,
the sediment background values for sediment of Beijing are
chosen as the background values to calculate the 𝑅

𝐼
value

(Cd: 0.12mg/kg, Cu: 11.27mg/kg, Pb: 21.71mg/kg, and Zn:
76.8mg/kg) [18]. The 𝐸𝑖

𝑟

and 𝑅
𝐼
values are typically classified

as follows: low risk (𝐸𝑖
𝑟

< 40; 𝑅
𝐼
< 150); moderate risk (40 ≤

𝐸
𝑖

𝑟

< 80; 150 ≤ 𝑅
𝐼
< 300); considerable risk (80 ≤ 𝐸𝑖

𝑟

< 160;
300 ≤ 𝑅

𝐼
< 600); high risk (160 ≤ 𝐸𝑖

𝑟

< 320; 𝑅
𝐼
≥ 600); very

high risk (𝐸𝑖
𝑟

≥ 320).
The 𝐸𝑖

𝑟

and 𝑅
𝐼
values for the metals studied are presented

in Table 1. As a whole, the metals show significantly different

Table 2: Pollution grades of potential ecological risk of heavy
metals.

Risk assessment code Criteria (%)
No risk <1
Low risk 1–10
Medium risk 11–30
High risk 31–50
Very high risk >50

𝐸
𝑖

𝑟

values (𝑃 < 0.05), with the ranking of average 𝐸𝑖
𝑟

being
as follows: Cd > Cu > Pb > Zn. The average 𝐸𝑖

𝑟

value of Cd is 414.80, which is ranked as “very high risk,”
with individual values falling into high and very high risk
categories especially in the commercial area (IV) and Fuwai
Street.The high Cd concentration in these areas with a higher
population density may be attributed to complicated human
factors.The average 𝐸𝑖

𝑟

value for Zn is 1.50, which is ranked at
“no risk to low risk” level. Cu andPb both ranked at “low risk”
level. In addition, the average 𝑅

𝐼
value is 475.52, suggesting

that the study areas are heavily contaminated by the four
metals; especially the commercial area (IV) and three sites of
Fuwai Street (F2, F3, and F4) even reach the level of “very high
risk.”

3.3.2. Risk Assessment of Metal Speciation. Although the
total concentration of heavy metals in the sediment is a
useful parameter that indicates the degree of contamination,
it cannot predict the fate of any of the metals and their
effects on the environment [35]. Studies have shown that the
geochemical properties of the sediment are critical to metal
bioavailability [13]. Metals bound to different phases behave
differently in the sedimentary environment and therefore
have different potentials for remobilization and the uptake
by biota. It is evident from the results of the speciation study
that the metals in the sediment bound to different fractions
with different strengths. The strength values can therefore
give a clear indication of sediment reactivity, which in turn
can measure the risks connected to the metals.

The risk assessment code given below is rated as the
risk of metals released in exchangeable and carbonate bound
fractions (Table 2). Less than 1% of the total metal is
considered safe for the environment. On the contrary, more
than 50% of the total metal is considered highly dangerous
and can enter the food chain [15].

The 1-2% of Cu at Chegongzhuang Street and the 1–3% of
Zn at Fuwai Street in the exchangeable fractions are therefore
of low risk according to the risk assessment. The 10–25% of
Cd at six functional areas indicatesmedium risk.The 40–60%
of Pb at Fuwai Street existing in the exchangeable fractions is
of high to very high risk and may enter the food chain. The
association of these metals with exchangeable fraction may
also have deleterious effects on aquatic life. The sum of the
metals (Cu, Zn, Cd, and Pb) associated with exchangeable,
carbonate bound, and Fe-Mn oxide bound fractions is also
quite high, especially Cu (30–70%), Zn (45–60%), and Cd
(70–90%) in functional areas, Pb (75–80%) at Fuwai Street,
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and Cd (60–90%) at Chegongzhuang Street. In general, the
sum of these three fractions is extremely important because
it represents the proportion of heavy metals that can be
remobilized by changes in environmental conditions such as
pH, redox potential, and salinity [36].

4. Conclusions

The concentrations, distribution, accumulation, and pollu-
tion assessment of the heavy metals (Cu, Zn, Cd, and Pb) in
sewer sediment from six different functional areas and two
streets in Xicheng District, Beijing, are studied in this paper.
The concentrations of Cu, Zn, Cd, and Pb vary between 50
and 175, 80 and 180, 0.75 and 2.5, and 20 and 110mg/kg,
respectively in the six functional areas. At Fuwai Street, most
metals highly accumulated in themiddle while having similar
concentrations among sampling sites at Chegongzhuang
Street. In terms of fractional distribution, the Fe-Mn oxide
bound fraction is significant for all metals with the values
of 10–60% at functional areas, while Cu, Zn, Cd, and Pb are
dominated by different fractions at two streets. The concen-
trations of Cu, Zn, Cd, and Pb in most study sites are higher
than the local sediment background values, indicating that
the pollution may result from human factors, such as vehicle
exhaust, building construction, and waste incineration.

The assessment performed by potential ecological risk
index indicates that the pollution levels of the heavy metals
are as follows: Cd > Cu > Pb > Zn, and Cd could be consid-
ered as heavily contaminated. During the risk assessment, Zn
is ranked at “no risk to low risk” level andCu and Pb is ranked
at the “low risk” level. The high Cd concentration at six areas
however fell into the “high to very high risk” category and
may enter into the food chain.The sum of themetals (Cu, Zn,
Cd, and Pb) associated with exchangeable, carbonate bound,
and Fe-Mn oxide bound fractions is quite high; however,
these three fractions represent the proportion of heavy
metals that can be remobilized by changes in environmental
conditions. In summary, the results from this study can
provide information on sewer sediment management.
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