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Abstract Urban road sediments act as large basins for
heavy metal contaminants produced as a result of natu-
ral processes and anthropogenic activities. This study is
aimed at reviewing research over recent decades on
heavy metal contamination in different cities around
the world. The study reviews literature from Google
Scholar, Web of Science, and Scopus journal publica-
tions. Cr, Cu, Pb, Zn, Ni, and Cd levels vary from one
city to another. Based on the collected results, the pol-
lution level and geoaccumulation index are estimated in
each city. The levels of pollution in these cities range
from low to extremely high, depending on the sources of
pollution at each site (geogenic and anthropogenic
sources, etc.) and factors like the distribution of indus-
trial activities, population, and traffic emissions. This
review shows that the development of modern cities and
rapid urbanization are the major causes of heavy metal
contamination in the environment. The contamination

of the urban environment has different sources, both
natural and anthropogenic in character. Solving the
problem of heavy metal contamination in the urban
environment requires the use of different techniques
such as urban road control treatment and soil
remediation.
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Introduction

Heavy metal contamination of the environment can be
defined as an increase in the natural background of toxic
heavy metals in the urban surface sediment caused by
human activities. An urban surface sediment is com-
posed of a wide range of particle sizes: dust, fine sand,
and coarse sand. Heavy metal contents in the urban
surface sediment on some metals are significantly of
biological toxicity, such as chromium (Cr), lead (Pb),
cadmium (Cd), and arsenic (As), zinc (Zn), copper (Cu),
nickel (Ni), stannum (Sn), and vanadium (V).

In recent years, with the continuous development of
the urban environment, the content of heavy metal in the
urban surface sediment has increased and cause the
adverse effect to the environment, such as disease and
illness in humans. (Chao et al. 2014; Davis et al. 2002;
Han et al. 2002; Jean-Philippe et al. 2012; Venkatesha
Raju et al. 2013; Prajapati and Meravi 2014; Sayadi and
Rezaei 2014; Sayyed and Sayadi 2011; Taylor and
Owens 2009a; Yang et al. 2016; Zojaji 2014; Hanfi
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et al. 2019). These heavy metals are commonly found in
the environment and diet. In small amounts, they are
required for maintaining good health but in larger
amounts, they can become toxic or dangerous. Heavy
metal toxicity can lower energy levels and damage the
functioning of the brain, lungs, kidney, liver, blood
composition, and other important organs. Long-term
exposure can lead to gradually progressing physical,
muscular, and neurological degenerative processes that
imitate diseases such as multiple sclerosis, Parkinson’s
disease, Alzheimer’s disease, and muscular dystrophy.
Repeated long-term exposure of some metals and their
compounds may even cause cancer (Järup 2003)

Distribution and sources of heavymetal in the urban
surface

With the extended development of the urban environ-
ment, the distribution of heavy metals in the urban
environment is almost a serious threat to the countries.
(Yang and Sun 2009; Su et al. 2014). The chemical
characteristics of heavy metals play the main role in
the spread distribution in the urban environment. Heavy
metal contamination is difficult to be observed. A short
period is not enough to damage the environment. Prob-
ably, when the environmental and the chemical condi-
tions have changed, heavy metals may be activated and
cause environmental deterioration.

In the last decades, many studies of the urban surface
sediment in different cities around the world were car-
ried out to evaluate the heavy metal contamination
volume. The quantitative data on heavy metal concen-
trations, their contamination levels, and their sources
have been gathered and intercompared.

Sources of heavy metal in the urban surface

Heavy metals are significant environmental pollutants
and their toxicity is a problem of increasing significance
for ecological, evolutionary, nutritional, and environ-
mental reasons (Jaishankar et al. 2014)

Urban surfaces serve as a sink of deposits, which
originated from different sources. In an urban area, the
contamination build-up is the process by which contam-
inants of natural and anthropogenic origin are deposited
on urban impact surfaces such as roofs, roads, and
driveways over a period of dry weather (Ma et al.

2016; Wijesiri et al. 2015). The main urban surfaces
were included the urban surface road (road-deposited
sediment) and urban soil. Several studies have conduct-
ed on the details of the heavy metal sources in the urban
surface roads.

Urban surface road

The sources of sediments and the heavy metal contam-
inants in the urban surface roads (road-deposited
sediment) are explained in the urban sediment cascade
which is presented by Taylor 2007 (Perry and Taylor
2007) and reproduced with the permission of Willey-
Blackwell, as shown in Fig.1.

Heavy metals in the urban surface roads originate
from a wide range of sources which include intrinsic
and extrinsic sources. Intrinsic sources are an anthropo-
genic source that include the emissions that are associ-
ated with vehicular traffic (vehicle exhaust particles, tire
wear particles, weathered urban surface particles, brake
lining wear particles), industrial (power plants, coal
combustion, metallurgical industry, auto repair shop,
chemical plant, etc.), and residential areas as well as
domestic emission, weathering of building facades,
pavement surface, and precipitation of previously
suspended particles (atmospheric aerosols), and so on.
(Akhter and Madany 1993; De Silva et al. 2016; Zereni
and Alt 2006; Ferreira-Baptista and De Miguel 2005;
Gibson and Farmer 1986; Harrison 1979; Harrison et al.
1981; Hjortenkrans et al. 2006, 2007; Hopke et al. 1980;
Khairy et al. 2011; Winther and Slento 2010; Ravindra
2004; Schwar et al. 1988; Whiteley and Murray 2003;
Wichmann et al. 2007).

Urban soil

Water and air contamination in the environment had
been reported in several studies as opposed to soil
contamination. Soil contamination was with wide range
of distribution and it is more difficult to be controlled
and governed than air and water contamination. Conse-
quently, in recent years, the soil contamination in the
world is becoming too serious. It is paid the ecological
authorities in the developed countries to make soil con-
tamination as an important topic of environmental pro-
tection (Chao et al. 2014).

The deposition of heavymetals in the soil depends on
the environmental factors and the soil properties: soil
texture, geological origin, soil chemical and physical
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properties, and horizontal and ventral distances from
other roads (Bak et al. 1997; Wong et al. 2006;
Yassoglou et al. 1987; Zheng et al. 2008) as well as
human activities (Ahmadi Doabi et al. 2019; Nagajyoti
et al. 2010).

In agricultural soils, the main sources of heavy metal
are due to human activities such as wastewater, livestock
manure, disposal of urban and industrial wastes, pesti-
cides, mining, smelting processes, application of miner-
al fertilizers, and atmospheric deposition from the traffic
emissions such as motor vehicles and the combustion
fuels (Ahmadi Doabi et al. 2019; Esmaeili et al. 2014;
Hani and Pazira 2011; Li et al. 2008; Montagne et al.
2007; Qishlaqi and Moore 2007; Romic and Romic
2003; Sridhara Chary et al. 2008; Yang et al. 2009)
Heavy metal contamination in urban soils may be trans-
ferred into the human body through inhalation of dust
and skin absorption that cause toxic health effects. They
also affect indirectly the human health through the food
chain, atmosphere, and water (Wei et al. 2010). Conse-
quently, the heavy metal contamination and sources
must be identified to establish the contamination control

of heavy metal, soil remediation, and management
(Ahmadi Doabi et al. 2019; Yáñez et al. 2002; Lin
et al. 2017).

Urban surface sediment does not remain in one place
for a long time, but re-suspended back into the atmo-
spheric particles, which it contains metal concentrations
or the precipitation washes and dissolved solids in urban
road runoff and in receiving water catchments and sew-
age irrigation (Ahmed and Ishiga 2006; Charlesworth
et al. 2003; Ferreira-Baptista and De Miguel 2005;
Liang et al. 2018; Lu et al. 2009; Wei et al. 2010)

Aim of this work

This work is a review about heavy metal in the urban
surface from different countries around the world. It was
based on the collection of published data from the
various articles fromWeb of Science, Scopus, and Goo-
gle Scholar journal publications. The system of quota-
tion followed the paper by paper citing from through
references. The strategy of collecting samples and

Fig. 1 The urban sediment cascade (from Taylor 2007; reproduced with the permission of Wiley-Blackwell)
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analytical methods used in different studies is listed in
Table 1. The urban surface sediment was collected from
roadsides and the center road surface regularly or ran-
domly using sweeping procedures such as a plastic
dustpan or brushes and transferred into the laboratories
through a polyethylene bag, then dried at different tem-
peratures. The selected samples were sieved at different
fractions. The sieved urban surface samples are dis-
solved with different acids such as HNO3, HCLO4,
H2SO4, HF, H2O2, and boric acid. Various analytical
techniques such as, AAS, ICP-MS, ICP-OES, ICP-
OES, and XRF used to determine the heavy metal
concentration such as Cr, Cu, Pb, Zn, Cd, and Ni. All
the samples analytical techniques are acceptable. The
distribution of analytical methods used in heavy metal
analysis in the present survey is shown in Fig. 2. The
widely used method is atomic absorption spectroscopy
although it is considered a destructive technique but has
a good reliability and is more precise. Recently, different
types of inductively coupled plasma (ICP) are develop-
ing and have been used widely.

With the development of economy and society, heavy
metal contamination has become increasingly common in
the world. It is almost a serious threat to every country. In
the world’s top ten environmental events, two events
have been related to heavy metal contamination (Yang
et al. 2009). Numerous studies indicated that the concen-
tration ranges of the heavy metals observed in the urban
surface sediment in particles are composed of sediment,
soil, leaves, rubbish, and organic and inorganic materials
(Biggins and Harrison 1980; Quiñonez-Plaza et al. 2017;
Taylor and Owens 2009b).

The contaminants in the urban surface

The majority of heavy metals in the urban environment
matrices (air, soil, and water) are contributed from an-
thropogenic sources.

Chromium

The sources of chromium (Cr) with the most of release
are coming from industrial compartments. The industri-
al compartments include chromate production,
ferrochrome and chrome pigment production, metal
processing, tannery facilities, and stainless-steel
welding. The chromium released from the air and waste
water is contributed from metallurgical, chemical

industries and refractory (Tchounwou et al. 2012). Be-
fore 2005, a few studies are reported to the chromium
concentrations. Heavy traffic in Kavala, Greece, was the
direct cause of high concentrations of chromium
(Christoforidis and Stamatis 2009). Furthermore, the
chromium in urban surface is associated with the
chrome plating of some motor vehicle parts (Al-shayeb
and Seaward 2001).

Lead

In the urban environment, lead (Pb) is derived from
natural and anthropogenic sources. The dominant
sources of lead are traffic emissions, weathering of
materials, and industrial activities such as mining,
manufacturing, fossil fuel burning, and different indus-
trial, agricultural, and domestic applications. (Zhang
2003). In the last decades, many studies have been
conducted of the lead variation concentrations in the
urban surface. Historical deposition of atmospheric Pb
has been evaluated using a number of archives such as
ice cores, sediments, peat bogs, herbarium plants, and
forest soils worldwide (Zhang 2003). Several studies
indicated the different sources of lead in the urban
environment. In cities such as New York (USA), Seoul
(Korea), and Kuala Lumpur (Malaysia), lead concentra-
tions were 200 times higher than the permissible limit,
due to vehicles emissions (Fergusson 1984; Ramlan and
Badri 1989).

Lead has the most toxicity heavy metals in the urban
environment due to effects on the human body especial-
ly, the human nervous and circulatory systems. Pb is
mainly transferred into the human body through inhala-
tion and ingestion, and enters the blood circulation in the
form of soluble salts, protein complexes or ions, etc. The
most amount of Pb concentration accumulates in the
bones. It can damage many organs and systems such
as the liver, kidney, nervous system, urinary system, and
the basic physiological processes of cells (Momani
2006). From Fig. 3, the annual variation of Pb decreases
despite the increased volume of traffic due to non-use of
lead fuel; this is due to the efforts of health care and
assurance from different organizations about exposure
of dangerous and carcinogenic pollution sources

Cadmium and zinc

Cadmium (Cd) and zinc (Zn) have the same sources in
the urban surface and are chemically related elements in
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Table 1 Materials and methods of heavy metal contamination in the urban surface sediment in the different cities at the world

No. City country No. of
samples

Digestion Analysis Ref

1 Lancaster UK 29 HNO3+HCL+HF AAS (Pb, Cu, Zn, Ni, Cr,
Cd)

(Harrison 1979)

2 Scotland Great
Britain

6 HCL AAS (Pb, Zn) (Wade et al. 1980)

3 Lancaster England 6 ∑ sequential
(HNO3+HF+HCLO4+HCL)

AAS (Pb, Zn, Cu, Cd) (Harrison et al. 1981)

4 Various sites Hong
Kong

14 HNO3+H2SO4+HCLO4 AAS (Pb, Cu, Zn, Cd) (Lau and Wong 1982)

6 New York USA 2 HNO3+HF+HCLO4 INAA (Zn, Cr) and AAS
(Cu, Cd, Pb)

(Fergusson 1984)

6 Various sites Nigeria – HNO3+HF+HCL AAS (Pb, Cu, Zn, Ni, Cr,
Cd)

(Ndiokwere 1984)

7 Halkyn,
North Wales

Great
Britain

59 HNO3 AAS (Pb, Cu, Zn, Cd) (Davies et al. 1985)

8 Athens Greece 170 HNO3+H2O2 AAS (Pb, Cd, Zn) +
ICP-MS (Ni)

(Yassoglou et al. 1987)

9 London UK 400 HCL+HNO3 AAS (Cu, Cd, Pb, Zn) (Schwaret al 1988)

10 Kuala Lumpur Malaysia 25 ∑ sequential
(HNO3+HF+HCLO4+HCL)

AAS (Zn, Pb, Cu, Cd) (Ramlan and Badri 1989)

11 Cuenca Ecuador 83 HNO3 AAS (Pb, Zn, Cd) (Nicholas Hewitt and
Candy 1990)

12 London England - HNO3+HCl AAS (Pb, Zn, Cd) (Thoronton 1991)

13 Various sites Bahrain 106 HNO3+HCL AAS (Pb, Zn, Cd, Ni, Cr) (Akhter and Madany
1993)

14 Various areas Bahrain 76 HNO3+HCL AAS+ICP-OES (Cr, Cu,
Pb, Zn, Cd)

(Madany and Akhter
1994)

15 Seoul Korea 29 HCl+HNO3 ICP-ES (Cu, Pb, Zn, Cd) (Chon et al. 1995)

16 Sault Ste Marie Canada 30 ∑ sequential
(HNO3+HF+HCLO4+HCL)

ICP-ES (Cu, Pb, Zn, Cd, Ni,
Cr)

(Stone and Marsalek
1996)

17 Oslo Norway 16 HNO3+HClO4+HF ICP-MS (Pb, Zn, Cu, Cd) (Miguel et al. 1997)

18 Taejon Korea 200 HCl+HNO3 AAS (Cu, Pb, Zn, Cd) (Kim et al. 1998)

19 California Bight USA 248 HNO3+HCL ICP-MS (Cd, Cr, Cu, Ni,
Pb, Zn)

(Schiff and Weisberg
1999)

20 Seoul Korea 30 HF+HNO3+HClO4 ICP-AES (Cu, Pb, Zn, Cd,
Cr)

(Yun et al. 2000)

21 Kowloon
Peninsular

Hong
Kong

45 HNO3 ICP-AES (Cu, Pb, Zn, Cd) (Li et al. 2001)

22 Bursa Turkey 10 HCl+HNO3 AAS (Pb, Zn, Ni, Cd) (Arslan 2001)

23 Birmingham UK 150 HCLO4+HNO3+H2SO4 AAS (Cu, Pb, Zn, Ni, Cd) (Charlesworth et al.
2003)

24 Istanbul Turkey 22 HNO3 AAS (Cn, Pb, Zn, Ni, Cd) (Sezgin et al. 2004)

25 Krak Jordan 15 HNO3 AAS (Cu, Pb, Zn, Ni) (Al-Khashman 2004)

26 Luanda Angola 92 HCL+HNO3 ICP-MS (Cd, Cr, Cu,
Ni, Pb, Zn)

(Ferreira-Baptista and De
Miguel 2005)

27 Kayseri Turkey 29 HNO3 AAS (Pb, Cu, Zn, Cr, Ni,
Cd)

(Tokalioǧlu and Kartal
2006)

28 Amman Jordan 120 HNO3 AAS (Pb, Cu, Zn, Ni, Cd) (Al-Khashman 2007)

29 Hangzhou China 25 HF+H2SO4+HCL ICP-MS and AES (Cd, Cr,
Cu, Ni, Pb, Zn)

(Mingkui and Hao 2009)

30 Baoji China 38 Boric acid XRF (Cu, Ni, Pb, Zn) (Lu et al. 2009)
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the earth materials. Cadmium is distributed in the earth’s
crust of about 0.1 mg/kg. Various industrial activities are
the main source of cadmium in the urban surface. The
production of alloys, batteries, and pigments is the major
industrial application of cadmium (Tchounwou et al.
2012). Approximately, 33–72% of the local cadmium
are distributed in air and transferred by atmospheric
transport (Harrison and Williams 1982; Komarnicki
2005; Rashad Yaaqub et al. 1991). From Table 2, the
high level of Cd in urban roads in various sites in
Bahrain derived from household dust can be attributed
to attrition of rubber backing on carpets (Fergusson and

Kim 1991; Solomon and Hartford 1976) and from the
fragment of car tires.

Cadmium is considered the sixth element with a high
toxicity that damages the human health according to
Agency for Toxic Substances Management Committee.
Cadmium can have an effect on the human health and,
especially, it can damage the metabolism of calcium,
which will cause calcium deficiency and result in bone
fractures (Chao et al. 2014).

The existence of zinc in the urban environment is an
indicator for human activities and may also be traced to
vehicles emissions. Primary, the anthropogenic sources
of zinc in the urban environment (air, soil, and water)
include the released materials from mining and
metallurgic operations and use of commercial products
involving zinc such as fertilizers (Davis et al. 2001;
Kennedy and Sutherland 2008; Vos and Janssen 2008).
The annual variation of Zn concentrations has a wide
range, as shown in Fig. 3 because the sources of Zn in
the surface urban roads are the metallic parts of cars and
automobile exhaust.

Nickel

Nickel (Ni) is one of heavy metals widely distributed in
the urban environment. The contribution of nickel is

Table 1 (continued)

No. City country No. of
samples

Digestion Analysis Ref

31 Kavala Greece 96 HNO3 AAS (Pb, Cu, Zn, Ni, Cr,
Cd)

(Christoforidis and
Stamatis 2009)

32 Urumqi China 169 HNO3+H2SO4+HF ICP-MS (Cd, Cr, Cu, Ni,
Pb, Zn)

(Wei et al. 2010)

33 Delta Egypt 7 HNO3+HClO4+HF AAS (Pb, Cu, Zn, Ni, Cr,
Cd)

(Khairy et al. 2011)

34 Ulsan Korea 12 HNO3 AAS (Cd, Cu, Pb, Zn, Ni) (Duong and Lee 2011)

35 Intertidal Bohai
Bay

China 15 HF+HNO3+HClO4 ICP-MS (Cd, Cr, Cu, Ni,
Pb, Zn)

(Gao and Li 2012)

36 Murree Pakistan 8 HNO3+H2O2 AAS (Pb, Cu, Zn, Ni, Cr,
Cd)

(Abbasi et al. 2013)

37 Gorimedu India 16 HNO3+HCL AAS (Cd, Cu, Pb, Zn, Cr) (Khan and Kathi 2014)

38 Intertidal
Laizhou Bay

China 18 HF+HNO3+HClO4 ICP-MS (Cd, Cr, Cu, Ni,
Pb, Zn)

(Zhang and Gao 2015)

39 Intertidal
Jiaozhou Bay

China 29 HF+HNO3+HClO4 ICP-MS (Cd, Cr, Cu, Pb,
Zn)

(Xu et al. 2016)

40 Tijuana Mexico 30 HNO3+HCLO4 AAS (Pb, Cu, Cr, Cd) (Quiñonez-Plaza et al.
2017)

41 Jiaozhou Bay China 9 HNO3+HF+HClO4 ICP-MS (Cd, Cr, Cu, Ni,
Pb, Zn)

(Liang et al. 2018)

AAS
63%

ICP
33%

INAA
2%

XRF
2%

Fig. 2 The distribution of analytical methods used in heavy metal
analysis in the present survey
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Fig. 3 Heavy metal distributions in the surface urban roads around the world

Environ Monit Assess (2020) 192: 32 Page 7 of 21 32



Table 2 Heavy metal concentrations (mg kg−1) in urban surface sediment in the different cities at the world

City Country Cr Cu Pb Zn Ni Cd References

Lancaster UK 29 143 1880 534 35 4.6 (Harrison 1979)

Scotland Great Britain NC NC 756 422 NC NC (Wade et al. 1980)

Lancaster England NC 19.9 20 20.2 NC 20 (Harrison et al. 1981)

Various sites Hong-Kong NC 91.5 1556 2377 - 14.5 (Lau and Wong 1982)

New York USA 125 356 2583 1811 NC 8 (Fergusson 1984)

Various sites Nigeria 1.4 12 111 31 1.9 0.7 (Ndiokwere 1984)

Halkyn, North Wales Great Britain NC 200 480 1166 NC 0.8 (Davies et al. 1985)

Athens Greece NC NC 121 125 128.45 2.4 (Yassoglou et al. 1987)

London UK 155 NC 1030 680 NC 3.5 (Schwar et al. 1988)

Kuala Lumpur Malaysia NC NC 2466 344 NC 3 (Ramlan and Badri 1989)

Cuenca Ecuador NC NC 108 218 NC 0.33 (Nicholas Hewitt and Candy 1990)

London England NC 73 294 183 NC 1 (Thoronton 1991)

Various sites Bahrain 144 NC 697 152 126 72 (Akhter and Madany 1993)

Various areas Bahrain 9.6 NC 742 67 12 1.5 (Madany and Akhter 1994)

Seoul Korea NC 101 2582.5 1811 NC 3 (Chon et al. 1995)

Sault Ste Marie Canada 92.4 87.3 90.5 227 26.5 0.85 (Stone and Marsalek 1996)

Oslo Norway NC 123 182 412 41 1.4 (Miguel et al. 1997)

Taejon Korea NC 57 52 214 NC NC (Kim et al. 1998)

California Bight USA 39 15 10.9 59 18.1 0.33 (Schiff and Weisberg 1999)

Seoul Korea 106 269 144 532 NC 6 (Yun et al. 2000)

Kowloon Peninsular Hong Kong NC 24.8 93.4 168 NC 2.8 (Li et al. 2001)

Bursa Turkey NC NC 210 57 NC 3.1 (Arslan 2001)

Istanbul Turkey NC 152 184 477 30.36 2.11 (Charlesworth et al. 2003)

Birmingham UK NC 466.9 48 534 41.1 1.62 (Sezgin et al. 2004)

Karak Jordan NC 11.3 11.2 13.1 4.2 NC (Al-Khashman 2004)

Luanda Angola 26 42 315 317 10 1.1 (Ferreira-Baptista and De Miguel 2005)

Kayseri Turkey 29 36.9 74.8 112 44.9 2.53 (Tokalioǧlu and Kartal 2006)

Amman Jordan NC 243 737 293 67 6.9 (Al-Khashman 2007)

Hangzhou China 51.29 116.04 202.16 321.4 25.88 1.59 (Mingkui and Hao 2009)

Baoji China NC 123.17 408.41 715.1 48.83 NC (Lu et al. 2009)

Kavala Greece 196 124 301 272 58 0.2 (Christoforidis and Stamatis 2009)

Urumqi China 54.28 94.54 53.53 294.47 43.28 1.17 (Wei et al. 2010)

Delta Egypt 85.7 102 308 1840 38.5 2.98 (Khairy et al. 2011)

Ulsan Korea NC 148 118 NC NC 1.5 (Duong and Lee 2011)

Intertidal Bohai Bay China 68.6 24 25.6 73 28 0.12 (Gao and Li 2012)

Murree Pakistan 93 156.9 145.8 890 47.8 8.4 (Abbasi et al. 2013)

Gorimedu India 0.85 202.24 156.63 222.46 NC 6.54 (Khan and Kathi 2014)

Intertidal Laizhou Bay China 32.69 10.99 13.37 50.63 17.38 0.19 (Zhang and Gao 2015)

Intertidal Jiaozhou Bay China 69.9 38.8 55.2 107.4 NC 0.42 (Xu et al. 2016)

Tijuana Mexico 17.1 50.2 31.8 NC NC 0.1 (Quiñonez-Plaza et al. 2017)

Jiaozhou Bay China 86.17 27.31 38.54 76 32.35 0.304 (Liang et al. 2018)

WHO 50 2 10 250 20 1 (WHO 2008)

NC not counted
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about 0.008% of the earth’s crust. Sources of nickel in
the urban environment are natural and anthropogenic
with stationary and mobile. Nature sources of the nickel
include wind-blown dust, derived from the weathering
of rocks and soils, volcanic emissions, forest fires, and
vegetation (Cempel and Nikel 2006). The main anthro-
pogenic sources of nickel emissions to the atmosphere
are the burning of residual and fuel oils, municipal waste
incineration, and nickel mining and refining. Sulfide
ores and the silicate oxide are two commercial classes
of nickel origin. Canada and the Russian Federation, the
largest producers of nickel from the sulfide ores, account
of 20–25% of the total annual production (IARC 1990).
The uses of nickel in the environment include as steel
production, the production of alloys, and electroplating
in the form nickel sulfate account for about 42%, 36%,
and 18%, respectively. From Fig. 3, the annual variation
of nickel concentrations decreases with subsequent
years; and in general, its concentration with the permis-
sible limit according toWHO (2008). Automobile emis-
sions are the main sources in Athens, Greece, and var-
ious sites, such as Bahrain (Madany and Akhter 1994;
Yassoglou et al. 1987).

Copper

Copper (Cu) is released into the atmosphere from wide
distribution of natural and anthropogenic sources. The
main sources in nature are windblown dust, volcanoes,
decaying vegetation, sea spray, and forest fires (Davies
et al. 1985; Georgopoulos 2011). Anthropogenic emis-
sions of copper include vehicles emission, iron and steel
production, wood production, coal combustion, nonfer-
rous metal production, industrial application, and phos-
phate fertilizer manufacture. In general, heavy metals
are emitted into the atmosphere and attached with a
particulate matter in the form of an oxide, sulfide, or
carbonate. For example, copper in fine particles (< 1
μm) resulted from the combustion process and other
high-temperature sources, while that with a large parti-
cle (> 10 μm) originated from windblown dust and soil
(Schroeder et al. 1987). From the literature survey that
was shown in table, the copper in Birmingham, UK,
originated from the mechanical abrasion of vehicles
(Jiries et al. 2001).

In general, the contamination with heavy metal de-
pends on anthropogenic sources of the land-use, the
rapid urbanization. Moreover, the significant factors
are traffic and the population volume.

Table 2 presents the concentration of heavy metals
such as Cr, Cu, Pb, Zn, Ni, and Cd in the urban surface
sediment at different cities from different countries
based on collected published data from different en-
gines. The results are ordered from the oldest to the
newest in the last 40 years (1979–2018). Last raw state
the recommended reference value fromWHO (2008). A
special distribution of each heavy metal element is pre-
sented in Fig. 3. The distribution is according to the
continent in last 40 years. Compared with the reference
value, Pb, Zn, and Cd have a high concentration in
different urban roads around the world until now.

From the results, heavy metals in the urban surface
sediment having different concentrations in Fig. 3 were
found, where a few of cities have high concentrations
and other have low concentrations of heavy metal rela-
tive to WHO (2008).

From Fig. 3, the annual variation of Pb decreases
despite the increased volume of traffic due to non-use
of lead fuel; this is due to the efforts of health care and
assurance from different organizations about exposure
of dangerous and carcinogenic pollution sources.

Contamination levels of heavy metal

Pollution level

It is very important to determine the degree of pollution
or environmental planning construction in the urban
environment. The integrated pollution index (IPI) can
be calculated by (Abbasi et al. 2013):

PI ¼ Cn

Bn

where Cn and Bn are the measured and the background/
reference values of heavy metal in the urban environ-
ment, and where the background in this study is related
to the CEPA environmental background values (Dandan
et al. 2007). The mean value of pollution index is the
integrated pollution index IPI classified into: IPI ≤ 1 low
level of pollution; 1 < IP ≤ 2 moderate level of pollution;
2 < IPI ≤ 5 high level of pollution; IPI > 5 extreme high
level of pollution (Wei and Yang 2010). In this review,
the IPI is calculated in different cities around the world.
The frequency of IPI is shown in Fig. 4 for each heavy
metal element. The results show that the levels of pol-
lution around the world have a range from low level to
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extremely high level. This result is due to the different
sources of pollution in each city.

The analysis of this distributions giving us nearly
56% of Pb IPI is in extreme high level of pollution,
24% high level, 10% moderate, and 10% low level. For
Cd, 78% is extreme high level of pollution, 14% high
level, and 8% moderate. For Zn, 28% is extreme high
level of pollution, 33% high level, 15% moderate, and
23% low level. These distributions in Fig. 4 confirm that
the major sources of pollution in the urban environment
are due to lead cadmium and zinc sources. It has given
us a good indicator about the expected range for each
heavy metal element. Besides that, the levels of pollu-
tion of each city depend on the geogenic and anthropo-
genic sources. Moreover, the distribution of industrial
activities, population size, and the traffic emissions for
each city is affecting the levels of pollution.

Geoaccumulation index

The geoaccumulation index has been used to assess the
degree of the contamination with heavy metal in urban
surface sediment (Faiz et al. 2009; Lu et al. 2009;
Quiñonez-Plaza et al. 2017; Wakida 2016). The
geoaccumulation index (Igeo) calculated by:

Igeo ¼ log2
Cn

1:5 Bn

� �

where Cn is the measured heavy metal concentration in
the different samples in the urban environment, Bn is the
geochemical background values in the soil according to
the CEPA environmental background values (Dandan
et al. 2007), and the value 1.5 allows us to analyze
natural variations in the content of a specified substance
in the environment and to detect very small anthropo-
genic influences. According to Muller (Muller 1969),
Igeo is classified into six categories: uncontaminated
(Igeo ≤ 0); uncontaminated to moderately contaminated
(0 < Igeo ≤ 1); moderately contaminated (1 < Igeo ≤ 2);
moderately to heavily contaminated (2 < Igeo ≤ 3);
heavily contaminated (3 <I geo ≤ 4); heavily to extremely
contaminated (4 < Igeo ≤ 5); extremely contaminated
(Igeo ≥ 5). The calculated values of heavy metal in the
urban surface sediment for each selected city are pre-
sented in Table 3.

The calculated values of Igeo can be divided into two
groups. The first group as shown in Fig. 5a includes Cr
and Ni and is characterized by Igeo lowest value in all

investigated samples. It is indicated that the urban sur-
face sediment samples are uncontaminated with these
metals except a few of cities such as, London (UK),
Kavala (Greece), and Athens (Greece) and various cities
in Bahrain are in an uncontaminated and moderately
contaminated category. The second group including
Cu, Pb, Zn, and Cd is presented in Fig. 5b. In this group,
Igeo values ranged from uncontaminated to extremely
contaminated. The Igeo values due to Pb and Cd con-
centrations vary between different contaminated catego-
ries, where in relation to Pb concentrations, 10 cities
were found extremely contaminated, 4 cities heavily and
extremely contaminated, 6 cities heavily contaminated,
8 cities moderately and heavily contaminated, 5 cities
moderately contaminated, and the other cities vary be-
tween moderately and uncontaminated. Furthermore,
for Cd, three cities were extremely contaminated and 5
heavily and extremely contaminated and the other cities
vary in the other different contamination categories.
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Fig. 4 The integrated pollution index IPI frequency from the used
measurements around the world
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Moreover, with Zn, most of the cities were found mod-
erately contaminated, a few cities were moderately and

heavily contaminated, while the highest value was in
various sites in Hon Kong, New York (USA), Seoul

Table 3 Geo-accumulation index of heavy metal in urban surface sediment in the several cities around the world

No City Country Cr Cu Pb Zn Ni Cd

1 Lancaster UK − 1.66 2.08 5.59 1.83 − 0.21 4.94

2 Scotland Great Britain – – 4.28 1.49 – –

3 Lancaster England − − 0.77 − 0.96 − 2.89 – 7.06

4 Various sites Hong Kong − 1.43 5.32 3.99 – 6.59

5 New York USA 0.45 3.39 6.05 3.59 − 4.41 5.74

6 Various sites Nigeria − 6.03 − 1.50 1.51 − 2.27 – 2.22

7 Halkyn, North Wales Great Britain – 2.56 3.62 2.96 – 2.42

8 Athens Greece – – 1.63 − 0.26 1.67 4.00

9 London UK 0.76 – 4.72 2.18 – 4.54

10 Kuala Lumpur Malaysia – – 5.98 1.20 – 4.32

11 Cuenca Ecuador – – 1.47 0.54 – 1.14

12 London England – 1.11 2.91 0.29 – 2.74

13 Various sites Bahrain 0.65 – 4.16 0.02 1.64 8.91

14 Various areas Bahrain − 3.25 – 4.25 − 1.16 − 1.75 3.32

15 Seoul Korea – 1.57 6.05 3.59 – 4.32

16 Sault Ste Marie Canada 0.01 1.36 1.21 0.60 − 0.61 2.50

17 Oslo Norway – 1.86 2.22 1.46 0.02 3.22

18 Taejon Korea – 0.75 0.42 0.51 – –

19 California Bight USA − 1.23 − 1.18 − 1.84 − 1.35 − 1.16 1.14

20 Seoul Korea 0.21 2.99 1.88 1.83 – 5.32

21 Kowloon Peninsular Hong Kong – − 0.45 1.26 0.16 – 4.22

22 Bursa Turkey – – 2.43 − 1.40 – 4.37

23 Istanbul Turkey – 2.16 2.24 1.67 − 0.41 3.81

24 Birmingham UK – 3.78 0.30 1.83 0.03 3.43

25 Karak Jordan – − 1.58 − 1.80 − 3.52 − 3.26 –

26 Luanda Angola − 1.82 0.31 3.01 1.08 − 2.01 2.87

27 Kayseri Turkey − 1.66 0.12 0.94 − 0.42 0.15 4.08

28 Amman Jordan – 2.84 4.24 0.97 0.73 5.52

29 Hangzhou China − 0.75 1.48 0.46 0.97 0.10 2.96

30 Baoji China − 0.84 1.78 2.37 1.10 − 0.64 3.41

31 Kavala Greece – 1.86 3.39 2.25 0.28 –

32 Urumqi China 1.10 1.87 2.95 0.86 0.52 0.42

33 Delta Egypt − 0.09 1.59 2.98 3.62 − 0.07 4.31

34 Ulsan Korea – 2.13 1.60 – – 3.32

35 Intertidal Bohai Bay China − 0.42 − 0.50 − 0.61 − 1.04 − 0.53 − 0.32

36 Murree Pakistan 0.02 2.21 1.90 2.57 0.24 5.81

37 Gorimedu India − 6.75 2.58 2.01 0.57 – 5.45

38 Intertidal Laizhou Bay China − 1.48 − 1.63 − 1.54 − 1.57 − 1.22 0.34

39 Intertidal Jiaozhou Bay China − 0.39 0.19 0.50 − 0.48 – 1.49

40 Tijuana Mexico − 2.42 0.57 − 0.29 – – − 0.58

41 Jiaozhou Bay China − 0.09 − 0.31 − 0.02 − 0.98 − 0.32 1.02
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(Korea), and Delta (Egypt); this indicated that it was
heavily and extremely contaminated and the other cities
were varied in other contaminated categories. However,
Igeo values for Cu indicated all cities were found in the
first four categories of contamination.

The concentrations and Igeo values of heavy metal in
urban surface sediment and soils indicate that the con-
tamination is widespread in the urban environment in
the world. In general, the traffic emission and industrial
emission are the main contamination sources of heavy
metal in the urban environment. Among cities, there are
different contamination sources. As example, the traffic
pollution, tire abrasion, fuel and oils that are used for
heating system, corrosion of metallic parts of cars,

lubricants, incinerator, and industrial emissions are con-
sidered the main contamination sources for heavy metal.

Particle size distribution of urban surface sediment
and heavy metal

The particle size of particulate matter is a significant
property affecting heavy metal (Mudroch and Duncan
1986). Their distribution plays an important role in the
urban environment control. Coarse particles (> 1000
μm) are relatively easy to monitor and remove. On the
other hand, fine solids are the most dominant fraction in
the urban areas due to ease of mobility (Deletic et al.
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××
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Fig. 5 a, b The values of Igeo in a
several cities at the world
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2000; Goonetilleke et al. 2009; Herngren et al. 2006).
They have the ability to stay in suspension longer and
are therefore transported a greater distance by urban
runoff (Faiz et al. 2009; Herngren et al. 2006). Figure 6
shows the variation of the heavy metal concentrations
with the particle fraction size (< 100 μm, 100–500 μm,
500–1000 μm, and 1000–2000 μm) for each element in
the urban surface samples from the different literatures.
From all the literatures that are chosen, the heavy metal
concentrations were determined related to the particle
fraction size. So, the results show that the heavy metal
concentration in the urban surface sediment decreases
with increasing particle size (Duong and Lee 2011).
This might be due to the smaller particle size of surface
sediment that have an available surface area per unit of
mass for covering or deposition of heavy metal. From
Fig. 6, it is observed that the fraction size (< 100 μm)
has the most concentrations of Cu, Pb, Zn, and Cd in
urban sediment in these cities; this is due to the sweeper
efficiency in the removal of < 100-μm solid particles
(Sartor and Boyd 1972). Consequently, the most pollut-
ants of Pb, Zn, Cu, and Cd are associated with the fine
fraction of particles influenced by traffic emissions, tire
wearing, and brake abrasion, but the concentration of Cr
and Ni in sediment associated in the coarse grain size
(500–1000 μm) was derived from diesel exhaust emis-
sions and the corrosion of vehicles (Beckwith et al.
1986; McBride 1994).

Contamination control and treatment

Contamination management in urban surface road

The contaminant control in the urban surface depends
on the volume of deposited sediments, their contaminant
concentrations, and their transport mechanism. Any ap-
proach used to reduce pollutants in urban surface must
be based on the methods appropriate for each urban
environment.

The volume of deposited sediments in the urban sur-
face road can be reduced by mitigation strategies and
adopting preventive treatment. Adopting preventive treat-
ment is used to evaluate the enhancement of roads and
road traffic restrictions (Kadioǧlu et al. 2010; Loganathan
et al. 2013). Mitigating process is used to remove the
deposited sediments on the urban surface road by the
mechanical and manual techniques such as sweeping,
water flushing, and chemical suppressants (Amato et al.

2010). The deposited sediments in the urban surface
consisted of different fraction sizes; fine particles (100–
250 μm) that are attached in the atmosphere and coarse
particles are bonded with the surface. Consequently, the
cleaning of roads from the deposited sediments had been
used the different categories of street sweepers; mechan-
ical broom, vacuum-assisted broom, and regenerative-air
units. Several studies are concluded that the mechanical
street sweepers are used to remove the coarse particles
followed by a regenerative air street cleaner to remove the
finer particles (Amato et al. 2010; Perry and Taylor 2007;
Loganathan et al. 2013; Brinkmann and Tobin 2001).
Also, they recommended that after the sweeping process-
es, a washing process could be practice to remove most of
the deposited sediments. The removal of deposited sedi-
ments in the urban surface roads depends on some of the
factors such as the location of the city, weather, the volume
of traffic, road pavement, and the frequency of sweepings
and washing. The most effective method to remove the
deposited sediments in the urban surface roads was week-
ly sweeping (Brinkmann and Tobin 2001).

Remediation and treatment of soil

In the last years, soil contamination was not considered
as important as air and water pollution, because soil
contamination was often with wide range and was more
difficult to be controlled and governed than air and
water pollution. However, in recent years, the soil con-
tamination in developed countries is becoming too seri-
ous. It is thus paid more and more attention and became
a hot topic of environmental protection worldwide.
Therefore, remediation and treatment of urban environ-
ment of heavy metals is a suitable way for environmen-
tal protection (Rulkens et al. 1998).

The dilution and self-purification techniques are used
to eliminate the heavy metal contamination in the urban
environment after closing the contamination sources.
Nevertheless, the remediation of heavy metal contami-
nation in the urban environment is difficult to be
remediated, due to its needs to have a relatively high
cost and a relatively long time. The avoidance of heavy
metals contaminated soil is not only needed to control
the sources, but also improve the remediation of con-
taminated soil (Yao et al. 2012).

Soil remediation techniques can be widely classified
into three categories: physical, chemical, and biological.
Physical remediation techniques include (1) soil re-
placement, (2) soil isolation, (3) vitrification, and (4)
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electrokinetic; biological methods generally include (5)
phytostabilization, (6) phytoevaporation, and (7)
phytoextraction; and chemical methods include (8) im-
mobilization and (9) soil washing, as shown in Fig. 7
and adapted by Khalil et al. 2016 (Khalid et al. 2017).

Physical remediation

The physical remediation includes replacement of con-
taminated soil and thermal desorption.

Replacement of contaminated soil Replacement of con-
taminated soil can be classified into three types. In the
first type, the contaminated soil can be removed and
inserted into a new soil. This method is unsuitable for
contaminated soil with a large area. The removed soil
must be treated to avoid the second contamination. In
the second type, to isolate the contaminated soil, the
cover of clean soil will add to the contaminated surface
or to blend with the latter. The isolation of contaminated
soil can be decreasing its effects on the urban environ-
ment. In the third type, the contamination spread can go

deeply into the soil and the degrading treatment and the
dilution will be achieved remediation. These methods
can be applied to small areas due to material sources and
the large cost (Yao et al. 2012).

Thermal desorption (verification) Thermal desorption
is the engineering physical process that can be
used to remove the contaminants in the urban soil
by evaporation and heating. The evaporation of
heavy metal in the soil can be achieved by using
the vacuum negative pressure or carrier gas. The
heating technique is a simple process that had
been remediated in the soil contamination. This
method depends on the temperature desorption
and is classified into high-temperature desorption
and low-temperature desorption (Aresta et al.
2008; Gan et al. 2009; Mallampati et al. 2015;
Yao et al. 2012). Essentially, the way it works is
by baking the soil causing contaminates to evapo-
rate. The extracted material is captured and cooled
for subsequent disposal. The treated soil is then
cooled and removed from the remediation

Fig. 7 Comparison of different soil remediation methods (adapted from Khalil 2016)
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mechanism across the carrier system. Once the
process is complete, the soil is ready for recycling
or further testing (Rulkens et al. 1998; Semple
et al. 2001).

Electrokinetic remediation Electrokinetic remediation
is suitable for sandy and clay soils contaminated with
heavy metals. This technique depends on an electric
current applied between a cathode and anode of tank
which contains the contaminated soil (Acar and
Alshawabkeh 1993; Cox et al. 1996; Luo et al. 2005;
Sabatini and School 1992).

Chemical remediation

Soil leaching Soil leaching method is used to wash the
contaminated soil with fresh water and a specific reagent
that can leach the contamination from soil. In this meth-
od, the heavy metal in soil was separated by adsorption,
precipitation, and ion exchange and then recycled from
extraction solution (Tampouris et al. 2001).

Adsorption Adsorption technique is depending on the
chemical fixation with adding the specific reagents and
other materials into the contaminated soil. These reagents
are suitable to form insoluble or hardly movable thus
avoiding the diffusion of heavy metal in the environment
media and achieving the leaching of soil (Austruy et al.
2014; Ashraf et al. 2016; Castelo-Grande et al. 2010;
Khalid et al. 2017; Shahid et al. 2014).

Bioremediation

Biological remediation is a suitable technique to treat
the contaminated soil. This technique depends on the
optimum conditions created for microbiological degra-
dation. This can occur by influencing such factors as
pH, temperature, soil moisture, oxygen concentration,
and bioavailability of the contaminants to the micro-
organisms (Abdel-Aziz et al. 1997; Prakash et al.
2013; Watanabe 1997; Wołejko et al. 2016). This meth-
od includes phytostabilization, photoevaporation, and
phytoextraction.

Conclusion

The several cities in the world are distinguished with the
volume population and rapid urbanization. The different

sources of heavy metal were common to the urban and
industrial environments. The distribution and intensities
of heavy metal depend on the nature properties of each
city. The most results show that the heavy metal con-
centrations were higher than the maximum limit. The
concentrations of Cu, Pb, Zn, and Cd in the urban
surface sediment are mainly derived from anthropogen-
ic sources but the Cr and Ni come from geogenic
sources. The highest concentrations of heavy metal in
the urban environment are influenced by the population
size, industrial activities, and heavy traffic emissions.
On the other hand, the lowest concentrations are found
in the locations with low automobiles traffic and low
population volume such as rural areas. This indicates,
according to the values of Igeo in several cities, that the
contamination levels in these cities varied from uncon-
taminated to extremely contaminated. The contamina-
tion levels with Pb, Cd, and Zn are higher than that of
other heavy metals. In spite of the efforts to reduce this
level through the nearest past years, Pb, Cd, and Zn are
stilling higher than the permissible limits. The effective
way for environmental protection of heavy metal con-
tamination in the urban is remediation and treatment.
There exist several important factors which can affect
the selection and applicability of available soil clean-up
technologies. These factors include (i) cost involved, (ii)
time required, (iii) effectiveness under high metal(loid) s
contamination, (iv) general acceptance and commercial
availability, (v) long-term effectiveness, and (vi) appli-
cability to multi-metal contaminated sites.
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