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Introduction

Urbanization is defined as the increase in popula-
tion and the intense industrialization in a region due 
to the movement of people from rural areas to urban 
areas (Uttara et al., 2012). The heavy traffic potential 
caused by dense population and industrialization is 
one of the most important factors for urbanization. 
Urbanization and industrialization can be considered 
as development indicators for both cities and coun-
tries, as long as it is compatible with environmental 
factors such as sustainability and pollution. Accord-
ing to World Bank data, in 2018, the population liv-
ing in urban areas was approximately 75% in Turkey, 
while it accounted for 74% in the EU-27 countries, 
a figure higher than average world rate of 55% (EU, 
2020). The intensive urbanization and industrializa-
tion are considered as one of the most important fac-
tors for daily increasing release of toxic pollutants 
and heavy metals into the urban receiving environ-
ment (Nuhoglu et al., 2020). Moreover, heavy metals 
have higher potential environmental effects compared 
with other pollutants due to their non-biodegradable 
and persistent nature in the environment (Gabarron 
et al., 2017; Gao & Wang, 2018; Gunawardana et al., 
2012; Karanasiou et al., 2014).

In urban and industrial areas, contaminations of 
heavy metal in street dust can be caused by differ-
ent mobile sources (transportation) and fixed sources 
(industrial production) (Xiao et al., 2020). Heavy traf-
fic causes generation of street dust in high amounts, 
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which can act as a host and carrier of heavy metals 
and other toxic substances. In addition, street dust 
has different sources such as natural and anthropo-
genic activities (Nuhoglu et  al., 2020). Geochemical 
processes are the examples for natural activities, and 
industrial operations, fossil fuel burning, vehicular 
emissions, tire wear and tear, mining, power plants 
and pesticides are the examples for anthropogenic 
activities (Abbasi et al., 2019; Choi et al., 2020; Wei 
et  al., 2015; Xiao et  al., 2020). For these reasons, 
street dust is seen as one of the most serious factors 
affecting atmospheric air quality.

Street dusts can be transported in the atmosphere 
with the meteorological factors causing pollution of 
water, land, atmosphere and ecosystems upon wet and 
dry deposition (Jeong et al., 2020). In addition, topog-
raphy and land use are important factors that may 
affect not only heavy metal content and quantity, but 
also transport and accumulation in the atmosphere. 
Therefore, atmospheric transport and accumulation 
of natural and anthropogenic pollutants, especially in 
big cities, under the influence of meteorological and 
topographic factors, can be regarded as a natural pro-
cess. As a result, it is possible to use street dust sam-
ples as an indicator for air quality monitoring.

Particulate matter and dusts with different size 
and chemical composition can be found every-
where due to their nature. Therefore, these pollut-
ants receive potential interest among various air pol-
lutants (Öztürk & Özgül, 2019). Many studies have 
focused on street dust due to its high toxicity, small 
size and ubiquity, bioaccumulation and effects on 
urban environmental quality and human health. These 
studies showed the pollution levels and the relation-
ship between metal emission and specific activity. 
For example, Kara (2020) identified the source of 
Li, Co, K, Rb, Mn, As and Se came from coal and 
wood burning, while Cu, Sb, Mo and Zn originated 
from traffic emissions, and Zn, Pb, Cd, Sn and Tl 
were derived from industrial activities in İzmir, Tur-
key. Sadeghdoust et al. (2020) indicated that As, Co 
and V were associated with natural sources, and Pb, 
Zn, Cu, Cr, Cd and Ni were related to anthropogenic 
sources such as traffic, wear and tear of vehicle rings 
and tires, the use of gasoline and the combustion of 
fossil fuels in Dezful, Iran. Delibašić et al. (2020) in 
Bosnia and Herzegovina reported that the main emis-
sions of As, Cd, Cu, Ni and Zn were industrial metal-
lurgical processes (Ite et  al., 2014) and Cd, Cr, Cu, 

Fe, Ni, Pb and Zn came from automobiles, tear and 
wear on the car (Akhter & Madany, 1993). Taşpınar 
and Bozkurt (2018) in Düzce, Turkey, indicated that 
As, Cd, Cr, Pb, Sb, Sr, Mn, Sn and Ni were influenced 
by anthropogenic sources. In the study by Manasreh, 
(2010), Karak, Jordan, it was shown that Zn, Cu, Mn, 
Cd and Ni originated mainly from vehicles and indus-
trial activities. In addition, the methods of enrichment 
factor (EF), geo-accumulation index (Igeo), ecologi-
cal risk factor (ERF) and ecological risk index (ERI) 
were used to determine pollution levels of heavy met-
als in street dust. In order to classify source of heavy 
metals, principal component analysis (PCA) was 
used. The spatial distribution maps were used to visu-
alize pollution levels in the study area (Castillo‑Nava 
et al., 2020; Kara, 2020; Idris et al., 2020; Yusup & 
Alkarkhi, 2011).

According to the Circular no. 2013/37 (MEU, 
2013) the city of Kocaeli has a high potential of 
air pollution. In addition, it was stated in the report 
(MEU, 2018) that air pollution is the top of environ-
mental problems in Kocaeli, especially in the indus-
trial region of Dilovasi. Turkish Parliament discussed 
environmental pollution problems in the study area 
and prepared a report on precautions to be taken in 
this area. Total concentrations of 20 heavy metals, 
namely Si, Fe, Al, Zn, Mn, Ti, Cr, Ba, Pb, Ni, Sr, V, 
Co, Cd, Sb, As, Sn, Mo, Sc and Ag, in the street dusts 
of Dilovasi were investigated at 40 sampling points. 
The main objectives of this study were: (i) to deter-
mine the concentration of heavy metals in street dust; 
(ii) to investigate the pollution levels of metals in 
street dusts by calculating EFs, Igeo, ERF and ERI; 
and (iii) to identify the possible anthropogenic and 
natural sources of metals in street dusts by principal 
component analysis (PCA). The findings can support 
plans to be made in the district of Dilovasi, particu-
larly to improve air and environmental quality.

Methods and materials

Study area

Dilovasi, located very close to Istanbul, is an indus-
trial district of Kocaeli where D-100, TEM high-
ways and railway cross. Today, Dilovasi occupies an 
important position on the sea, road and rail networks 
that connect Anatolia, mainland Turkey, to Istanbul 
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and Europe. Especially since the 1980s, a significant 
population increase has been experienced in Dilovasi 
as a result of an increase in industrialization. While 
the population of the district was 10,600 in 1985, it 
has exceeded 50,000 today. A total of 6 Organized 
Industrial Zones in Dilovasi district cover an indus-
trial area of approximately 2200 hectares (Hamzaoğlu 
et  al., 2011; Yılmaz et  al., 2020). In the organized 
industrial zones, the predominant sector groups are 
metal, iron and steel (39%), chemistry (20%), stor-
age (13%) and mining (7%) sectors. Food, weaving, 
textile, forestry, plastic, chemistry, petrochemical, 
glass, metal, hardware, electrical machinery, electron-
ics, machinery manufacturing, wire rope manufactur-
ing and metal heat processes are the main industrial 
activities in Dilovasi (Kanbak, 2011; MIT, 2019). For 
these reasons, Dilovasi has a high potential for air 
pollution from traffic, urban and industrial sources. 
In addition, the topography of the Dilovasi is rough 
and in the form of a bowl, which prevents air from 
mixing sufficiently in the region and causes inver-
sion and intense air pollution. According to the aver-
age temperature data of the General Directorate of 
Meteorology between 1929 and 2019, the maximum 
temperature is observed during the month of August 
with 23.8  °C, and the lowest is observed in January 
with 6  °C (GDM, 2020). The monthly precipitation 
is 110.8 mm (the highest) and 44.0 mm (the lowest) 
in December and August, respectively. The prevailing 
wind direction was north and northeast.

Sample collection and preparation

The sampling points have been carefully selected 
to show the different characteristics of the district 
such as urban, industry and traffic. The street dust 
samples were collected from 40 sites dominating by 
residential, industrial, high density traffic areas in the 
center where traffic, residential and industrial areas 
are intertwined in the region. Sampling points were 
determined by considering sectoral differences, pollu-
tion sources and distances between them. The loca-
tions of the 40 sampling points are shown in Fig. 1. 
Street dust samples were collected once in September 
2020. Samples consisted of about 1000 g street dusts 
were gently collected using polyethylene brush and 
hand shovels from the street surface, in an area of 
roughly 1–2 m2. After polyethylene bags of all sam-
ples were individually labeled, they were transported 

to the laboratory. Samples were dried at room tem-
perature, and then refuse, small stones, plastics and 
other pieces of leaves and branches were removed. In 
the literature, there are many studies in which street 
dust samples were analyzed for various fractions 
(e.g., 220 mesh (Sadeghdoust et al., 2020), 150 mesh 
(Idris et  al., 2020), 100 mesh (Lin et  al., 2019), 90 
mesh (Castillo-Nava et al., 2020) and 70 mesh (Xiao 
et  al., 2020)). In this study, each sample was sieved 
through 100 mesh (154 micron) (Lin et al., 2019) to 
create homogenized sizes and pieces and stored in the 
laboratory until analysis.

Analytical procedures

Sieved street dust samples were dried at 105 °C over-
night; then, the samples (0.25 g) were digested with 
a mixture of 2 ml of hydrofluoric acid (HF) (Merck 
suprapure), 2 ml of hydrogen peroxide (H2O2) (Merck 
Suprapure), 4  ml of nitric acid (HNO3) (Merck 
Suprapure) and 1  ml of perchloric acid (HClO4) 
(Merck Suprapure) in a microwave digestion system 
(Suryawanshi et  al.,  2016). The extraction process 
was carried out in 1200  W microwave oven (Mile-
stones Microwave Digestion) for 20  min in 200  °C. 
The samples taken out from the microwave oven 
were cooled for 45  min and ultra-pure water (18.3 
MΩ) was added until a volume of 50 ml. Lastly, the 
digested solution was analyzed for the concentrations 
of 20 elements mentioned before. Among these ele-
ments, Al, Fe, Ba, Mn, Zn, Sr, Si, Ti were analyzed 
by inductively coupled plasma (ICP) equipped optical 
emission spectrometer (ICP–OES, PerkinElmer Avio 
200) and the others were analyzed by ICP equipped 
mass spectrometer (ICP–MS, Thermo Scientific, X 
Series 2). All extractions and analysis were performed 
with triplicate samples (n = 3), and the mean values 
were reported. The analytical method was validated 
using serial dilution of standard stock solution of 
multi-elements having concentrations of 1000  mg/L 
(Merck, Cat. No. 111355).

A certified reference material (BCR-723 IRMM-
JRC Road Dust, European Commission) was used to 
check the quality of the analytical method. The certi-
fied reference material (CRM) measurement was taken 
for 11 samples. Standard deviation, the limits of detec-
tion (LOD) and limit of quantification (LOQ) were 
calculated after the blank sample was read 21 times. 
The results of the CRM showed that the percentage of 
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elemental recovery was obtained at 93.99–106.24% 
which assures the accuracy of the data, and LOD were 
defined as 0.044–0.975  ppb. Experimental analysis 
data, CRM values, percentage of the elemental recov-
ery, LOD and other data are given Table 1.

Assessment of metal pollution

In this study, the concentration of heavy metals 
smaller than 154  μm in street dusts collected from 
the areas with different land use types are analyzed 
by descriptive statistics, e.g., minimum, maximum, 
mean, standard deviation (SD) and percentile. Geo-
accumulation index (Igeo), enrichment factor (EF), 
ecological risk factor (ERF) and ecological risk index 
(ERI) analysis were used to investigate the pollution 
levels of metals in street dusts. In addition, principal 

component analysis (PCA) was used to identify the 
possible anthropogenic and natural sources of metals 
in street dusts. Finally, the spatial distribution of met-
als was investigated by using ArcGIS.

Geo‑accumulation index (Igeo)

The geo-accumulation index (Igeo) is a widely used 
analysis in contamination estimation (Men et  al., 
2018; Muller, 1969; Odediran et al., 2021). Igeo anal-
ysis is based on comparison with background levels 
to assess the accumulation of pollutants (Tang et al., 
2013) and is calculated by Eq. (1):

(1)Igeo = log2

[

Ci

1.5Ci,background

]

Fig. 1   Study area (Dilo-
vasi, Kocaeli, Turkey)
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where Ci, is the concentration of the examined element 
"i" in the street dust sample (mg/kg) and Ci,background  
is the concentration of element “i” in the background. 
Igeo is evaluated in seven classes as follows: Igeo ≤ 0: 
uncontaminated environment, 0 < Igeo ≤ 1: uncontami-
nated to moderately contaminated, 1 < Igeo ≤ 2: mod-
erately contaminated, 2 < Igeo ≤ 3: moderately to heav-
ily contaminated, 3 < Igeo ≤ 4: heavily contaminated, 
4 < Igeo ≤ 5: heavily to extremely contaminated and 
Igeo > 5: extremely contaminated environment (Muller,  
1969).

Enrichment factor (EF)

Enrichment factor (EF) is used to determine the level 
of contamination from anthropogenic sources. In the 
EF method, an examined element content in the street 
dust sample is standardized with a reference sample. 
In this study, Al was used as reference element for EF 
calculations. EF is calculated by Eq. (2):

where Ci,Sample is the concentration of the examined 
element "i" in the street dust sample. Cref,Sample is the 
concentration of reference element in the sample. 
Ci,Crust is the concentration of the examined element 
"i" in the Earth’s crust. Cref,Crust is the concentration 
of reference element in the Earth’s crust. EF is cat-
egorized into five classifications as follows: EF < 2: 
deficiently to minimal enrichment, 2 ≤ EF < 5: moder-
ate enrichment, 5 ≤ EF < 20: significant enrichment, 

(2)EF =

(

Ci∕Cref

)

Sample
(

Ci∕Cref

)

Crust

20 ≤ EF < 40: very high enrichment and EF ≥ 40: 
extremely high enrichment (Gope et al., 2017).

Ecological risk factor (ERF) and total potential 
ecological risk index (ERI)

The potential risk and contamination of elemental 
pollution is evaluated by calculating the potential eco-
logical risk index (ERI) (Hakanson, 1980; Odediran 
et al., 2021). Firstly, single element contamination fac-
tor Cf is computed for toxic elements such as Ni, Cd, 
As, Pb, Cr and Zn by Eq. (3):

where Ci is the concentration of the examined ele-
ment "i" in the street dust sample (mg/kg) and Ci,n is 
the concentration of the examined element "i" in the 
Earth’s crust. The Earth’s crust reference values of 
Ni, Cd, As, Pb, Cr and Zn in soils are 18.6, 0.102, 
2.0, 17, 35 and 52  mg/kg, respectively (Wedepohl, 
1995). The ecological risk factor is used to determine 
the potential health risk in an ecosystem (Hakanson, 
1980) and is calculated by Eq. (4):

where Cf is the single element contamination factor 
and Ti is the toxic response factor and for Ni, Cd, 
As, Pb, Cr and Zn, it is 5, 30, 10, 5, 2 and 1, respec-
tively (Ghosh et  al., 2020; Hakanson, 1980). The 
following classifications are used to assess ecologi-
cal risk factors: ERF < 40: low risk, 40 < ERF < 80: 

(3)Cf =
Ci

Ci,n

(4)ERF = Ti X Cf

Table 1   Quality control 
and quality assurance data

Elements Analysis Data
(ppm)

Certified Value
(ppm)

Uncertainly % Recovery LOD
(ppb)

LOQ
(ppb)

Al 36,920 37,500 0.22 98.45 0.375 1.25
Ba 501 460 0.04 108.91 0.759 2.53
Cd 2.389 2.5 0.4 95.56 0.042 0.14
Co 28.01 29.8 1.6 93.99 0.075 0.25
Cr 442.36 440 18 100.54 0.054 0.18
Fe 31,890 32,900 0.2 96.93 0.294 0.98
Mn 1301 1280 0.04 101.64 0.0441 0.147
Mo 41.24 40 0.6 103.10 0.15 0.5
Ni 178.36 171 3 104.30 0.216 0.72
Pb 872.12 866 16 100.71 0.036 0.12
Sb 26.987 28.2 2.3 95.70 0.039 0.13
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medium risk, 80 < ERF < 160: medium to high risk, 
160 < ERF < 320: high potential risk and ERF > 320: 
very high risk (Hakanson, 1980). The ecological risk 
index (ERI) that shows the ecological risk of these 
elements is calculated Eq. (5):

ERI is categorized as the following terminology: 
ERI < 150: low ecological risk, 150 < ERI < 300: 
moderate ecological risk and 300 < ERI < 600: con-
siderable ecological risk (Hakanson, 1980; Kara, 
2020).

PCA

The PCA technique, which has been applied in many 
studies before, was also used in this study to clas-
sify heavy metals in street dust (Idris et  al., 2020; 
Kumari et  al., 2021; Suryawanshi et  al., 2016; Tang 
et  al., 2017). PCA is a simplified data set technique 
in statistics processing and is used to reduce dimen-
sions of the data set and arrange them as groups (Cai 
& Li, 2019). Thus, it allows determination of pos-
sible sources. PCA can provide a simpler and more 
understandable perspective on the relationships 
between heavy metals in street dust. These relation-
ships between examined heavy metals point to their 
possible sources. PCA was performed in this study to 
determine the possible sources of heavy metals exam-
ined in the smaller than 154 μm street dust collected 
from the areas affected by industrial, traffic and resi-
dential activities in Dilovasi by using varimax rota-
tion with Kaiser normalization.

Results and discussion

Heavy metal concentrations

In this study, the elemental composition of street 
dust in Dilovasi, where trace metal distribution is 
affected by topographic conditions as well as indus-
trial facilities, traffic and residential heating, has been 
investigated in many ways. Descriptive statistics val-
ues such as mean values, standard deviations, mini-
mum, maximum, skewness and kurtosis values of 
total concentrations element in street dusts are given 

(5)ERI =

n
∑

i=1

ERF

in Table  2 for 40 sampling points in Dilovasi. The 
measured mean concentrations were from 0.01  mg/
kg for Ag to 42,645.48 mg/kg for Si. Table 2 shows 
that in the street dust samples, crustal-based elements 
such as Si, Fe, Al, Mn and Ti are dominant. These 
results are very similar to those found in the study by 
Kara (2020), as they are the most abundant elements 
in the Earth’s crust. The average concentrations of 
these elements ranged from 809.30 to 42,645.48 mg/
kg, and the concentrations except for Mn, were less 
than the reference concentration. In addition, while 
the average concentrations of some toxic elements 
such as Zn, Cr, Pb and Ni were higher than the ref-
erence concentrations, some of them such as Cd, As 
and Mo were lower than the reference concentrations. 
The average concentrations of other anthropogenic-
based elements, namely Ba, Sr, V, Co, Sb, Sn, Sc and 
Ag, ranged from 0.01 to 235.93  mg/kg, and except 
for Co, the concentrations of all others are less than 
the reference concentration (Rudnick & Gao, 2003). 
The ratio of the average concentrations and the corre-
sponding reference concentrations of Al, Fe, Ba, Mn, 
Zn, Sr, Co, Cr, Cd, Ni, Mo, Pb, V, Sb, As, Si, Sn, Sc, 
Ag and Ti in the samples were 0.13, 0.81, 0.38, 2.47, 
34.83, 0.21, 1.01, 3.16, 7.04, 1.79, 0.03, 5.91, 0.22, 
0.39, 3357.25, 0.03, 0.14, 0.03, 0.001, 0.19 and 0.21, 
respectively.

It can be concluded that the concentrations of all 
heavy metals except Cd, Sb, As, Sn, Mo, Sc, Ag in 
street dust samples have a wide variation due to large 
standard deviations. This indicates that for these ele-
ments, their amount varies significantly. The skew-
ness values for Zn, Pb, Ni, Cd, Sn and Ag are above 
2 indicating the presence of highly contaminated 
points. Table 2 shows that all heavy metals have posi-
tive skewness values. This means that the average 
concentrations for all heavy metals are higher than 
the median concentrations.

Differences in concentrations were observed 
depending on the metal type and sampling area. 
The highest concentrations were determined in traf-
fic areas. However, many industrial facilities are 
located on the roadside, which might have played a 
role in achieving high value in traffic areas. The con-
centrations in industrial area were found to be higher 
than those found in residential regions. As men-
tioned before, the industrial, traffic and residential 
areas are very close to each other and could possibly 
be affected in study area  (Fig.  2). The average total 
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concentrations of elements followed the order Si > F
e > Al > Mn > Zn > Ti > Co > V > Cd > As > Sb > Sn 
> Mo at all areas. However, the order is different for 
elements Sc, Ag, Ni, Sr, Pb, Ba, Cr. In areas where 
residential and traffic areas are dominant, the aver-
age total concentrations of the elements follow the 
order of Sc < Ag < Pb < Ba < Cr, while in industrial 
areas they follow the order of Sr Ba > Cr > Ni > Pb. 
The sequence was the similar for traffic and residen-
tial areas. Figure  2 shows the mean concentrations 
of elements in residential, traffic and industrial areas. 
The average concentrations of Ba, Zn, Sr, Co, Ni, V, 
Sb, Sn, Sc and Al proved to be higher in industrial 
areas compared with traffic and residential areas. In 
residential areas, average concentrations of V, Sc and 
Al were higher compared to traffic areas, and average 
concentrations of As and Si were higher compared to 
industrial areas. The average concentrations of Mn, 
Cr, Cd, As, Fe and Si were greater in traffic sites com-
pared with other areas, while the average concentra-
tions of Ag and Ti were the almost same for all areas.

Heavy metal concentrations in street dust of Dilo-
vasi were evaluated comparing with concentrations in 
other cities in Turkey and other countries (Table 3). 

In national and international perspective, heavy metal 
concentrations in street dust of Dilovasi were compa-
rable to Düzce (Taşpınar & Bozkurt, 2018) and İzmir 
(Kara, 2020) in Turkey, Liaoning (Xiao et al., 2020) 
and Jinhua (Bartholomew et al., 2020) in China, Shi-
raz (Keshavarzi et al., 2015) in Iran, Khamis Mushait 
(Idris et  al., 2020) in Saudi Arabia, Busan (Choi 
et  al., 2020) in Korea. While the average concentra-
tion of Zn in the present study was lower than that 
in Jinhua, it was significantly higher than those in 
other cities. In addition, while the average Fe concen-
tration in this study was lower than those in Liaon-
ing and Khamis Mushait, it was higher than those in 
Düzce, Izmir and Shiraz. Although the average Al 
concentration in the street dust sampled in Dilovasi 
was lower than those in Düzce and İzmir, the average 
Si concentration in this study was higher than that in 
Izmir. Average concentrations of Mn, Cr, Ni in Dilo-
vasi street dust were higher than those in other cities. 
In this study, the average concentrations of Ti and Ba 
were almost equal to those in Düzce and Izmir. In 
the present study, the average Pb concentration was 
higher than those in Düzce, Izmir and Liaoning, but 
lower than those in other provinces. The average Co 

Table 2   Descriptive 
statistics

Elements Mean ± SD
(mg/kg)

Minimum–Maximum
(mg/kg)

Skewness Kurtosis Reference value

Si 42,645 ± 29,860 336 – 106,785 0.12 -0.79 311,395.97
Fe 31,633 ± 26,736 2,840. – 119,032 1.17 1.36 39,200.00
Al 7,323 ± 6,573 737 – 28,123 1.83 3.04 55,415.03
Zn 2,333 ± 3,249 98.54 – 14,188 2.19 4.45 67.00
Mn 1,916 ± 1,950 275 – 7,752 1.39 1.41 774.45
Ti 809 ± 388 174 – 1,836 0.49 -0.21 3,835.74
Cr 290 ± 264 31.14 – 984 1.08 0.33 92.00
Ba 235 ± 305 13.96 – 1,211 1.93 3.17 624.00
Pb 100 ± 86.45 6.97 – 421 2.06 5.48 17.00
Ni 84.17 ± 178 1.45 – 1,125 5.34 31.17 47.00
Sr 66.13 ± 42.03 12.57 – 178 0.86 0.31 320.00
V 21.57 ± 35.14 0.002 – 130 1.81 2.23 97.00
Co 17.46 ± 12.04 1.48 – 61.06 1.73 3.66 17.30
Cd 0.63 ± 1.22 0.001 – 5.93 2.66 8.29 0.09
Sb 0.16 ± 0.13 0.004 – 0.54 1.02 0.28 0.40
As 0.15 ± 0.10 0.004 – 0.48 1.06 1.38 4.80
Sn 0.06 ± 0.06 0.003 – 0.31 2.32 6.67 2.10
Mo 0.04 ± 0.03 0.001 – 0.14 1.07 0.48 1.10
Sc 0.01 ± 0.01 0.004 – 0.05 1.98 2.69 14.00
Ag 0.01 ± 0.00 0.01 – 0.04 5.10 29.57 0.05

Environ Monit Assess (2022) 194: 99 Page 7 of 20    99



1 3
Vol:. (1234567890)

concentration in Dilovasi street dusts was higher than 
those in Düzce and Izmir, lower than that in Khamis 

Mushait. The average Cd concentration in Dilovasi 
street dusts was only higher than that in Izmir, lower 
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Fig. 2   Mean concentrations of elements in residential, traffic and industrial areas

Table 3   Average metal concentrations in the street dust in different cities (mg/kg)

The average 
concentration 
(mg/kg)

Dilovasi, 
Kocaeli, 
Turkey

Düzce,
Turkey

Izmir,
Turkey

Liaoning, 
Northeast 
China

Shiraz, Iran Khamis 
Mushait, Saudi 
Arabia

Busan, Korea Jinhua, China

Si 42,645 24,637
Fe 31,633 20,956 13,303 117,000 20,254 62,735
Al 7,323 8,883 22,027
Zn 2,333 335 61.60 325 403 117 1,090 8,430
Mn 1,916 650 274 1,170 438 802 451
Ti 809 862
Cr 290 122 39.40 150 136 186 171 105
Ba 235 217 245
Pb 100 59 26.90 63.01 115 126 199 110
Ni 84.17 31 19.40 29.59 77.52 19.49 76.32
Sr 66.13 333 119
V 21.57 50 37.90
Co 17.46 13 5.19 34.17
Cd 0.63 2 0.15 1.17 0.50 1.16 1.70 4.90
Sb 0.16 28 4.11 4.56 4.78
As 0.15 15 13.90 6.58 22.50 8.69
Sn 0.06 39 2.69 4.53
Mo 0.04 28 0.90
Sc 0.01 14 4.20
Ag 0.01
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than those in other cities. Average concentrations of 
other heavy metals in street dust sampled in Dilovasi 
were lower than those in other cities. However, differ-
ent results can be obtained in such studies since traffic 
density, local pollution sources, socioeconomic, topo-
graphic and meteorological conditions of the study 
area affect the composition of street dust (Taşpınar & 
Bozkurt, 2018).

Geo‑accumulation index (Igeo)

Background concentration values are required to cal-
culate the geo-accumulation and to make compari-
sons at the pollution levels. However, different land 
uses, which alter the originality of the land structure, 
make it difficult to sample a background that reflects 
the actual land structure (Verma et al., 2020). There-
fore, in the previous study by Chan et al. (2001), the 
minimum heavy metal concentrations were used as 
a background. In this study, we also used the mini-
mum heavy metal concentrations as a background 
(Table 2).

The minimum, maximum and average values of 
Igeo for each heavy metal were visualized by box 
plot graph in Fig. 3. The average values of Igeo that 
ranged from 0.02 (Ag) to 8.03 (V) displayed the fol-
lowing decreasing trend: V > Cd > Si > Mo > Ni > As 
> Sb > Sn > Zn > Pb > Co > Ba > Fe > Al > Cr > Sr > 
Mn > Ti > Sc > Ag. The average Igeo values for Ag 
(0.02) and Sc (0.39) varied from 0 to 1, indicating 
that the study area was uncontaminated to moder-
ately contaminated by these elements. Based on Igeo 

values of Ag and Sc, 63% and 68% of the sampling 
points were uncontaminated (0 < Igeo ≤ 1), respec-
tively. The highest Igeo value of Ag was determined 
at the sampling point close to areas of residential, 
commercial, thermal insulation production, urban 
and intercity traffic. The highest Igeo value of Sc was 
determined at the sampling point close to traffic and 
iron–steel factories. The environment was moderately 
contaminated by the elements Ti (1.44), Mn (1.47), 
Sr (1.50) and Cr (1.97) with their Igeo values between 
1 and 2. Considering the Igeo values of Ti and Sr, 
45% and 33% of the sampling points were moderately 
contaminated (1 < Igeo ≤ 2) and moderately to heav-
ily contaminated (2 < Igeo ≤ 3), respectively. Accord-
ing to the Igeo values of Mn and Cr, 28% (the highest 
rate) of the sampling points were uncontaminated to 
moderately contaminated (0 < Igeo ≤ 1) and heavily 
contaminated (3 < Igeo ≤ 4), respectively. The highest 
Ti, Mn, Sr and Cr values were obtained at sampling 
points close to the residence, iron–steel factories, 
shopping mall on the highway and casting factory, 
respectively. The average Igeo values of Al (2.27), Fe 
(2.30), Ba (2.39), Co (2.66), Pb (2.74) and Zn (2.84) 
suggest that these elements, which were in 2–3 range, 
contaminated the study area in moderate to heavy 
levels. 43% and 25% of sampling points were mod-
erately contaminated (1 < Igeo ≤ 2) by Al and Fe, 
respectively, while 21%, 43% and 25% of points were 
moderately to heavily contaminated (2 < Igeo ≤ 3) by 
Ba, Co and Zn, respectively. However, 35% of points 
were heavily contaminated (3 < Igeo ≤ 4) by Pb. The 
highest value was obtained at the sampling point near 

Fig. 3   Igeo values for elements in Dilovasi street dust samples (┬: upper extreme, ┴: lower extreme, •: Mean, -: Median)
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the residence for Al, while for Co it was obtained at 
the point close to truck scale and dyeing factory. Igeo 
values of Fe and Ba values were determined at the 
highest level at sampling points close to the iron–steel 
factory. Moreover, the highest Igeo values of Pb and 
Zn were at the same sampling points close to the traf-
fic and iron–steel factory. The study area was also 
heavily contaminated by Sn (3.21) and Sb (3.97), 
both of which were in the range 3–4. 38% of sam-
pling points were heavily contaminated (3 < Igeo ≤ 4) 
by Sn, although 33% of points were extremely con-
taminated (5 < Igeo) by Sb. Igeo values of Sn and 
Sb values were determined at the highest level at the 
same sampling points close to the iron–steel factory. 
As (4.02), Ni (4.13) and Mo (4.32) with Igeo values 
of 4–5 caused a contamination ranging from heavy to 
extreme levels. 44% of sampling points were heavily 
to extremely contaminated (4 < Igeo ≤ 5) by As, while 
30% and 44% of points were extremely contaminated 
(5 < Igeo) by Ni and Mo, respectively. The highest 
Igeo values of As and Mo were found at the points 
close to residential and iron–steel factory, while Igeo 
value of Ni was obtained at the point close to truck 
scale and dyeing factory. Extreme contamination by 
the elements Si (5.48), Cd (5.92) and V (8.03) were 
also evidenced by their average Igeo values above 5. 
73%, 43% and 55% of sampling points were extremely 
contaminated (5 < Igeo) by Si, Cd and V, respectively. 
The highest Igeo values of Si and Cd were found at 
the points close to commercial, traffic and iron–steel 
factory, while Igeo value of V was obtained at the 
point close to the iron–steel factory.

Enrichment factor (EF)

In this study, the Composition of the Upper Continen-
tal Crust (CUCC) (Rudnick & Gao, 2003) was used 
as the reference soil composition worldwide to deter-
mine EF values. In addition, since AI can be meas-
ured precisely with analytical method of inductively 
coupled plasma and its most important source soil 
(Öztürk & Keleş, 2016), AI was used as the reference 
element.

Calculated minimum, maximum and average val-
ues of EF for each heavy metal are shown in Fig. 4. 
From the results obtained, the average values of EF 
that ranged from 0.007 (Sc) to 295.8 (Zn) displayed 
the following decreasing trend: Zn > Cd > Pb > Cr > 
Mn > Ni > Co > Fe > Sb > Ag > Ba > Ti > Sr > Si > V 
> Al > As > Mo > Sn > Sc. The elements Si (1.98), V 
(1.31), As (0.49), Mo (0.36), Sn (0.33) and Sc (0.01) 
provided deficiently to minimal enrichment due to 
their EF values below 2. While the highest EF values 
of Sc, Sn and As were obtained at sampling points 
in industrial zone, the highest EF value for Mo was 
achieved at sampling points near the highway affect-
ing coal and iron scrap site. Moreover, for V and Si 
the highest EF values were determined at the sam-
pling points near the electrical generation facility and 
residential area, respectively. The average EF values 
of Sb (4.24), Ag (2.583), Ba (2.51), Ti (2.18) and Sr 
(2.02) were between 2 and 5, showing a moderate 
enrichment. Sr, Ba and Sb showed a deficiently to 
minimal enrichment at 60%, 60% and 38% of sam-
pling points, whereas Ti and Ag exhibited a moderate 

Fig. 4   Enrichment Factor for elements in Dilovasi street dust samples (┬: upper extreme, ┴: lower extreme, •: Mean, -: Median)
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enrichment at 53% and 50% sampling points, respec-
tively. The highest EF values of Sr, Ti and Ba were 
found at the sampling points close to industrial zone, 
traffic and electrical generation facility, whereas for 
Ag it was determined at the sampling point close to 
areas of residential, commercial, thermal insulation 
production, urban and intercity traffic. Furthermore, 
the highest EF value of Sb was at sampling points 
near the highway affecting coal and iron scrap site. 
The average EF values of Fe (8.24) and Co (12.27) 
were between 5 and 20, meaning that the study area 
was significantly enriched by these elements. Fe 
showed moderate enrichment at 45% of the sampling 
points while Co demonstrated significant enrichment 
at 48%. The highest EF value of Fe was at sampling 
points near the highway affecting coal and iron scrap 
site, while for Co it was obtained at the point close 
to truck scale and dyeing factory. Ranging from 20 to 
40, the average EF values of Ni (21.67), Mn (24.62) 
and Cr (30.75) indicate very high enrichment. Enrich-
ment of Ni, Mn and Cr was significant at 45%, 58% 
and 45% of the sampling points. The highest EF 
value of Ni was obtained at the sampling point close 
to truck scale and dyeing factory, whereas it was 
found at sampling points near the highways for Mn 
and Cr. With average EF values above 40, Pb (60.54), 
Cd (116.96) and Zn (295.80) suggest that the study 
area was extremely rich. These elements indicated 
extremely high enrichment at 45%, 28% and 95% of 
sampling points, respectively. The highest EF values 
of Pb, Cd and Zn were found at sampling points very 
close the truck garage on highway, industrial zone and 
electrical generation facility. EF values (Zn, Cd, Pb, 
Cr, Mn, Ni, Co) greater than 10 are considered to be 
caused by human activities (Keshavarzi et  al., 2015; 
Yongming et  al., 2006). The average EF values of 
Fe, Sb, Ag, Ba, Ti, Sr, Si and V are caused by natural 
sources such as wind-blown soil minerals (Keshavarzi 
et al., 2015). There was a large difference between the 
minimum and maximum EF values for each heavy 
metal. Large difference may be due to a significant 
change in the material component and natural pro-
cesses or anthropogenic contribution at various levels 
(Idris et al., 2020). If EF value is less than 1.5 or 2, it 
indicates that the metal is entirely caused by crustal 
materials or natural processes. However, if EF values 
are greater than 1.5 or 2, it indicates the increasing 
influence of anthropogenic sources (Remeikaitė-
Nikienė et al., 2018). In this study, EF values of Si, V, 

As, Mo, Sn and Sc were less than 2, and this means 
that they were usually affected by crustal materials or 
natural sources while the others (greater than 2) being 
affected by anthropogenic sources.

It was also found that crustal materials or natu-
ral sources usually had an effect on the study area 
as evidenced by EF values of Si, V, As, Mo, Sn and 
Sc which were less than 2. However, other elements 
with EF values were greater than 2 were affected by 
anthropogenic sources. The average EF value in this 
study was 29.67, which is considered a very high 
amount of pollution. Sampling points with the high-
est total EF value are as follows: Electricity gener-
ating facility, truck garage on highway, industrial 
zone, the region where heavy industrial facilities are 
located, cultural center on highway and district center 
(residential area). However, it is clear that these areas 
affect each other. As can be understood from this 
result, in general the pollution level in the region can 
be listed as industry, traffic and residential area.

Ecological risk factor (ERF) and total potential 
ecological risk index (ERI)

The ecological risk (Er) and total potential ecologi-
cal risk index (ERI) developed by Hakanson’s were 
used to understand the environmental effects of 
elemental pollution. From the results obtained, the 
average values of Er, which ranged from 0.07 (As) 
to 44.87 (Zn), displayed the following decreasing 
trend: Zn > Cr > Cd > Pb > Ni > As and they were in 
the ranges of 1.89–272.85, 0.89–28.12, 0.01–58.12, 
0.41–24.81, 0.08–60.53 and 0.002–0.24, respectively.

Calculated average values of ecological risk fac-
tor (ERF), ranging from 0.74 (As) to 186.35 (Cd), dis-
played the following decreasing trend: Cd > Zn > Pb >  
Ni > Cr > As, and they were in the ranges of 1.89–272.85, 
1.78–56.23, 0.29–1743.73, 2.05–124.06, 0.39–302.67 
and 0.02–2.38, respectively. Figure  5 shows the statis-
tical results, as box plot graph, of ERF values of Cd, 
Zn, Pb, Ni, Cr and As in Dilovasi street dust samples. 
Being below 40, the average ERF values of As (0.74), 
Cr (16.62), Ni (22.63) and Pb (29.53) indicated the low 
risk level. ERF values of As were below 40 at 100% of 
sampling points and the maximum value was obtained 
at the sampling point in the residential area. ERF val-
ues of Cr were below 40 at 90% of sampling points and 
between 40 and 80 at 10% of sampling points. The maxi-
mum value was obtained at the sampling point close to 
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casting industry. ERF values of Ni were below 40 at 88% 
sampling points, between 40 and 80 at 10% of sampling 
points and between 160 and 320 at 3% of sampling point. 
The maximum value was obtained at the sampling point 
close to truck scale and dyeing factory. ERF values of Pb 
were below 40 at 78% of sampling points, between 40 and 
80 at 18% of sampling points and between 80 and 160 at 
5% of sampling points. The average ERF values of Zn 
(44.87) were between 40 and 80 suggesting the medium 
risk level. ERF values of Zn were below 40 at 68% of 
sampling points, between 40 and 80 at 18% of sampling 
points, between 80 and 160 at 3% of sampling point and 
between 160 and 320 at 13% of sampling points. The 
average ERF values of Cd (186.35) between 160 and 320 
show high potential risk level. ERF values of Cd were 
below 40 at 68% of sampling points, between 80 and 160 
at 8% of sampling points, and between 160 and 320 at 5% 
of sampling points and above 320 at 20% sampling points. 
The maximum value of Pb, Zn and Cd were obtained at 
the same sampling point close to traffic and iron–steel 
factories. ERF indicated a change in the toxicity of heavy 
metals in street dust as in the Er for each sampling point. 
The results showed the low ecological risk level for Pb, 
Ni, Cr, As; the medium ecological risk level for Zn and 
the high ecological risk level for Cd.

In this study area, the contamination level was also 
evaluated with total potential ecological risk index 
(ERI) that was calculated with ERF values. The total 
potential ERI was from 29.46 to 2201.24. ERI with 
a value of below 150 indicates low ecological risk 
level at 55% of sampling points, while between 150 
and 300 it means a moderate ecological risk level at 
15% of sampling points. ERI below 150 indicates 

a low ecological risk level in 55% of the sampling 
points, and between 150 and 300 indicates a moderate 
ecological risk level at 15% of the sampling points. 
Moreover, ERI between 300 and 600 indicates con-
siderable ecological risk level at 13% of sampling 
points, and above 600, it indicates very high ecologi-
cal risk at 18% of sampling points. The maximum 
value of ERI was obtained at the sampling point close 
to traffic and iron–steel factories. ERI was found as 
300.74, this value was between 300 and 600 and 
indicates a considerable ecological risk level for the 
region.

PCA

Principal component analysis (PCA) was performed 
in this study to determine the sources of pollution 
according to the spatial distribution of metals. Use-
ful qualitative information about the sources of heavy 
metal pollution in street dust was obtained with the 
PCA. In this study, PCA was carried out using JMP 
Pro 15.1.0 program. In order to interpret between the 
heavy metals in each group, variables with a factor 
load greater than 0.30 as a result of varimax rotation 
were selected.

The results of PCA demonstrated that there were 
five eigenvalues higher than 1, and five principal 
components illustrated 81.116% of the total variance 
(Table  4). Principal component 1 (PC1) specified 
26.481% of the total data variance. PC1 was heavily 
loaded with Al, Ba, Zn, V, Sc and Ti, and was mod-
erately loaded with Fe, Sr, Co, Pb and Sb (Table 4). 
According to Igeo values, Sc was uncontaminated to 

Fig. 5   ERF values for ele-
ments in Dilovasi street dust 
samples (┬: upper extreme, 
┴: lower extreme, •: Mean, 
-: Median)
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moderately contaminated, others were moderately 
and more contaminated. In addition, the highest 
concentrations in PC1 were found in industrial, resi-
dential and traffic area in this study. Al can be found 
in high amounts in the residential area affected by 
natural factors while Sb and Sr may originate from 
anthropogenic sources such as vehicle emissions, 
combustion and other nearby sources. Fe and Ba are 
related to traffic pollution and the steel producing 
industries (Taşpınar & Bozkurt, 2018). However, 
Co and V are probably caused by natural sources 
(local soil) (Shi & Lu, 2018). Fe, Pb and Zn heavy 
metals may be caused by non-exhaust emissions 
and resuspension of street dust from vehicle traffic 
(Kumari et al., 2021). These results revealed that the 
principal component PC1 had a mixed source such 
as traffic, industry and residential. Principal com-
ponent 2 (PC2) accounted for 26.095% of the total 
data variance. PC2 was heavily loaded with Fe, Mn, 
Cr, Mo, Pb and Sb, and moderately loaded with Ba, 
Zn, Sr, Sn and Ti (Table  4). The heavy metals in 
this group were moderate and more contaminated 

based on Igeo values. In addition, the highest con-
centrations in PC2 reflected the impact of indus-
trial, residential and traffic in the study area. While 
Pb, Zn and Sr were highest in areas close to traffic, 
the others except Ti in PC2 were highest near cast-
ing, iron–steel facilities. It can be also said that Ti 
was affected by domestic or natural factors for this 
study due to its maximum concentration in the resi-
dential area. Other studies (Kumari et al., 2021; Hou 
et al., 2018; Thorpe & Harrison, 2008; Davy et al., 
2012) have showed that Pb was used in vehicle paint 
and Zn was emitted from wear and tear of vulcan-
ized rubber tires, coal and/or wood combustion was 
one of the most important sources of Mo, Co, Mn 
and Ti. Besides industrial and residential activities, 
vehicle-related activities substantially contributed to 
metal contamination in dust. Principal component 3 
(PC3) constituted 12.597% of the total data variance. 
PC3 was heavily loaded with Si and was moderately 
loaded with Zn, Pb and As (Table 4). According to 
Igeo values, heavy metals in this group were found 
to be moderately to heavily and more contaminated. 

Table 4   PCA of heavy 
metals in this study

Heavy metals Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

Al 0.756
Fe 0.335 0.867
Ba 0.837 0.441
Mn 0.887
Zn 0.754 0.410 0.340
Sr 0.528 0.477
Co 0.326 0.801
Cr 0.822
Cd 0.470
Ni 0.861
Mo 0.909
Pb 0.493 0.661 0.315
V 0.908
Sb 0.424 0.797
As 0.436
Si 0.905
Sn 0.315
Sc 0.922
Ag 0.811
Ti 0.725 0.318
Variance 5.296 5.219 2.519 1.941 1.247
Percentage of Variance, % 26.481 26.095 12.597 9.707 6.236
Cumulative, % 26.481 52.577 65.173 74.880 81.116
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In this study, the highest concentrations of Si, 
Zn and Pb were seen at the same sampling point, 
which were affected by the highest traffic and iron 
and steel plants, and As was seen in the residen-
tial area. Previous studies (Hou et  al., 2018; Kara, 
2020) argued that industrial activities had an effect 
on Zn and Pb, while coal burning had an effect on 
As. In addition, in the study conducted by Zararsiz 
and Öztürk (2020), it was stated that the amount of 
arsenic detected indoor dust was three times higher 
than the amount reported for an industrial area in 
the literature. This could suggest that industrial and 
residential activities contributed to metal contami-
nation in street dust. Principal component 4 (PC4) 
explained 9.707% of the total data variance. PC4 
was heavily loaded with Co and Ni and was mod-
erately loaded with Cd (Table 4). The heavy metals 
in this group were moderately to heavily and more 
contaminated according to Igeo values. The highest 
concentrations of Co and Ni were found at the same 
sampling point, which were affected by the highest 
traffic due to truck scale and dyeing factory. The 
highest Cd concentration was obtained at the sam-
pling point, close to traffic and iron–steel factories 
in this study. Previous studies (Nuhoglu et al., 2020; 
Kumari et al., 2021; Tasdemir et al., 2006; Xu et al., 
2017) reported that combustion of fuel, engine wear 
and industrial activities such as alloying or weld-
ing activities are the main source of Ni. While Co is 
used in carbide alloys, magnets, ceramics and glass 
production as well as in protection of alloy surfaces, 
vehicle materials one of the most important uses of 
Cd (Tang et al., 2017; Yıldırım & Tokalıoğlu, 2016) 
are associated with industrial activities (Kara, 2020). 
Traffic and industry were the major sources which 
can be defined as mixed source for PC4. This result 
also indicates that the lubricating oil is burning. 
Principal component 5 (PC5) explained 26.095% 
of the total data variance with heavily loaded with 
Ag (Table 4). Ag was uncontaminated to moderately 
contaminated according to Igeo values. The maxi-
mum Ag concentration was obtained in the area with 
residential, commercial, thermal insulation pro-
duction, urban and intercity traffic. This result also 
shows the effect of the crustal material. According 

to PCA, the predominant anthropogenic contribution 
of metal pollution in this area was created by traffic 
and vehicle-related activities and industrial activi-
ties and their waste. Metal pollution from residential 
areas and natural resources was relatively low, but it 
was another contribution of pollution.

Spatial distribution of heavy metals in Dilovasi

ArcGIS software were used to map the spatial dis-
tributions of Si, Fe, Al, Zn, Mn, Ti, Cr, Ba, Pb, Ni, 
Sr, V, Co, Cd, Sb, As, Sn, Mo, Sc and Ag in street 
dust samples of the heavily industrialized district 
of Dilovasi. The concentration of each heavy metal 
is graphed in Fig. 6 to be able to visualize its lev-
els spatially. The spatial distributions show that the 
heavy metal concentrations except Sn, Si As and 
Cd were higher in the western and southwestern 
parts of district than in other parts. The concentra-
tions appear to be lower in the center of Dilovasi. 
Sn was higher in the eastern and western parts of 
the district, while Si was higher in the western part 
and in the center of Dilovasi. Cd was higher in the 
southern and eastern part of the district, while Co 
was higher in the southern part of the district. The 
highest concentrations of As and Ag were found 
in the center of district, while the highest concen-
tration of Al and Ti were determined in the resi-
dential area in the southeastern part of the district. 
The highest concentrations of Si, Zn, Pb, Cd and 
Sc were in the western part of the district  where 
traffic and iron and steel activities were located. 
Fe, Mn, Sb, Sn and Mo were at the highest level 
in the northwest part of the district  where metal 
and iron and steel activities were carried out. On 
the other hand, the highest concentration of Ba and 
V were found in the southern of the district where 
iron and steel businesses operate, while the highest 
concentration of Ni and Co were observed in the 
southwest of district, where truck scales and paint-
ing production are active. Finally, Cr was highest 
in the northwestern part of the district, while Sr 
was highest at the sampling point in the shopping 
mall near the highway in the southwestern of the 
district.
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Fig. 6   Spatial distribution of Si, Fe, Al, Zn, Mn, Ti, Cr, Ba, Pb, Ni, Sr, V, Co, Cd, Sb, As, Sn, Mo, Sc and Ag concentration in street 
dust samples of Dilovasi
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Fig. 6   (continued)
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Conclusion

The street dust samples from heavily industrialized 
district of Dilovasi area were collected to analyze 
heavy metals and to assess their levels and sources 
for this study. The heavy metal concentrations were 
determined in different sites dominating by industrial, 
residential and traffic areas. In the street dust samples, 
crustal-based elements such as Si, Fe, Al, Mn and Ti 
were dominant. After crustal elements, Zn, Cr, Ba, 
Pb, Ni, Sr, V and Co were found in higher concen-
trations than others. The mean concentrations of Zn, 
Mn, Cr, Pb, Ni, Co and Cd were much higher than 
their reference values, suggesting that these metals in 
road dust were influenced by anthropogenic sources. 
In addition, Igeo, EF, ERF and ERI values were cal-
culated and assessed based on the concentrations of 
heavy metals. The average Igeo value was 3.05, which 
is between 3 and 4, indicating heavily contaminated 
environment in the study area. In this study, the Igeo 
values were in the range of 0.02 for Ag and 8.03 for 
V. In this study, the average EF value was 29.67 and 
indicated very high pollution level. The fact that the 
average EF values of Pb, Cd and Zn were above 40 
revealed that the study area was extremely enriched 
by these elements. Sampling points with the highest 
total EF value were as follows: electricity generating 
facility, truck garage on highway, industrial zone, the 
region where heavy industrial facilities are located, 
cultural center on highway and in district center (resi-
dential area). ERF indicated a change in the toxicity 
of heavy metals in street dust samples for each sam-
pling point. The results showed the low ecological 
risk level for Pb, Ni, Cr and As; the medium ecologi-
cal risk level for Zn; and the high ecological risk level 
for Cd. In addition, ERI was found as 300.74. This 
value was between 300 and 600 and indicated a con-
siderable ecological risk level for the region. Igeo, EF 
and ERI analyses were selected for the determination 
and classification of pollution levels and used in their 
evaluations. Although these analyses gave an idea 
of the pollution level and ecological risk situation in 
the study area, they did not provide sufficient infor-
mation in terms of health risk assessment. According 
to PCA, the predominant anthropogenic contribution 
of metal pollution in this area was created by traffic 
and vehicle-related activities and industrial activities 
and their waste. Metal pollution from residential areas 
and natural resources was relatively low, but it was 

another contribution of pollution. These results show 
that in order to reduce the level of anthropogenic 
pollution, local governments should take measures 
to protect environmental health, especially in places 
where the pollution level is high. In this context, it is 
important to increase the efforts to prevent dust for-
mation at the source. The spatial distributions show 
that the heavy metal concentrations except Sn, Si, As 
and Cd were higher in the western and southwestern 
parts of district  than in other parts. The concentra-
tions appeared to be lower in the center of Dilovasi. 
In total, the highest concentration at the sampling 
points was observed in the western, southwestern 
and southern parts of the district dominated by indus-
try and also in the east of the district, which reflects 
the traffic effect. Individual measures are necessary 
to ensure favorable conditions for a better quality of 
life. Especially by sensitive groups such as those with 
heart and lung diseases, the elderly, children and dia-
betics, places with high pollution should not be pre-
ferred for daily activities. It is thought that focusing 
on the implementation of ecological city standards 
such as energy efficient buildings, renewable energy, 
green transportation and protection of environmental 
values in city planning at national and local level will 
contribute to the reduction of pollution in the future.
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