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Abstract The urbanization processes with growing 
vehicle numbers cause heavy metal pollution in street 
dust, and high populations in metropolitan cities are 
exposed to pollutants. This paper aims to monitor the 
spatial distribution of heavy metals and evaluate the 
concentrations via health risk assessment of HMs (Cu, 
Ni, Cd, Co, Pb, and Zn) that expose the inhabitants to 
health hazards. According to the results of the current 
study, sixty street dust samples were applied to the 
acid digestion technique and quantification by induc-
tively coupled plasma-mass spectrometry (ICP-MS). 
The spatial distribution of the selected heavy metals in 
the street dust was investigated using the spatial analy-
sis tool in ArcGIS 10.0 according to population den-
sity and land use. In the present study, we used hazard 
index and cancer risk methods to estimate the public 
health risk of the pollutants exposed to street dust in 

Ankara. The concentrations range of the elements in 
street dust over the study area ranged from 3.34–4.50, 
31.69–42.87, 16.09–21.54, 42.85–57.55, 0.00–3.51, 
and 23.03–30.79, respectively. The overall decreasing 
order of mean concentration of metals was observed 
as follows: Pb > Cu > Ni > Co > Cd > Zn. Vehicle traf-
fic and industrial activities seem to be the most criti-
cal anthropogenic sources responsible for dust pollu-
tion in the study area. The risk assessment of Pb and 
Ni exposure was the highest, and the hazard index 
values were 2.42E + 00 and 2.28E + 00 mg/kg/day for 
children. However, the effect on adults was 2.62E-01 
and 2.37E-02 mg/kg/day, followed by inhalation and 
dermal contact with street dust was almost negligible. 
The decreasing concentration is modeled spatially 
along the western development corridor of the city. 
The risk to public health is high in areas with high 
densities close to the city center and the main artery.

Keywords Urban air pollution · Urban modelling · 
Health risk assessment · Spatial distribution · Source 
apportionment

Introduction

Monitoring urban pollution is a vital research area 
in detecting existing risks and guiding new planning 
decisions. Intense consumption, especially in met-
ropolitan cities, has caused pollution to reach levels 
that threaten public health. Many recent studies have 
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shown that long-term heavy metal exposure is asso-
ciated with human health risks and an increased risk 
of death (Guo et  al., 2022; Tägt et  al., 2022). Street 
dust (SD), which allows us to monitor the presence of 
heavy metals spatially, is solid fine particles contain-
ing solid, liquid, and gaseous components and asso-
ciated air pollutants that seriously threaten human 
health due to bioaccumulation and urban ecosystems 
through mobile or stationary sources (Rahman et al., 
2019). It is a vital indicator in heavily populated cities 
significantly affected by intense human activities such 
as vehicular traffic, industrial emissions, biomass 
burning, urban construction, and demolition (Wahab 
et  al., 2020). They have increasingly contributed to 
metal pollution and are enriched in urban areas. For 
instance, among the basic parameters of urbaniza-
tion, buildings, constructed buildings, ventilation, and 
points with interrupted wind flow harm the poten-
tial toxic heavy metal (HM) pollution indicators for 
urban air quality (Al-Shidi et al., 2022). In addition to 
emissions from various sources, increasing urbaniza-
tion and motor vehicles have significantly transported 
and accumulated toxic and harmful pollutants in the 
SD through atmospheric deposition (Davis & Birch, 
2011; Huang et al., 2014).

The increasing absolute concentrations of HMs 
that have been continuously deposited in the par-
ticulate matter have led to public health concerns in 
densely populated cities due to their nonbiodegrada-
ble and persist in the natural environment (Dytłow 
& Górka-Kostrubiec, 2021). Moreover, SD moves 
actively in the multiphase regime of the surround-
ing environment, from airborne redistribution due to 
intensive human activities to atmospheric deposition 
(Tang et al., 2013). Numerous recent studies suggest 
that toxic metal contamination in SD is generally 
higher than that in soil by widespread human inter-
vention (Chenery et al., 2020; Delibašić et al., 2020; 
Shahab et al., 2020). The resulting movements cause 
accumulation and subsequent pollution in various 
ecosystem chains. With the advancement of the accel-
eration of industrialization and urbanization, the peo-
ple who live near city streets that SD reaches indoors 
through air movement; it can penetrate the human 
body by respiration, digestion, and skin absorption 
and consequently becoming detrimental to the health 
of the inhabitants of the region (Dong et  al., 2021a, 
b; Su et al., 2022). The HMs with strong capacities to 
migrate, enrich, and contaminate positively correlate 

with carcinogenic, teratogenic, and mutagenic effects 
(Li et  al., 2023). Critically, SD has nickel (Ni) and 
chromium (Cr) from the corrosion of cars, copper 
(Cu), lead (Pb), zinc (Zn), and cadmium (Cd) from 
the corrosion of tires and engine parts (Kończak 
et  al., 2021; Miller et  al., 2020). Furthermore, all 
these HMs harm children and adults, depending on 
their accumulation level. They cause diseases of the 
nervous, respiratory, and reproductive systems, skin 
and muscle diseases, and decreased cognitive activity 
(Kumar et al., 2018; Rehman et al., 2018).

Like other developing countries, Ankara, the 
capital of Türkiye, is the country’s political, eco-
nomic, administrative, and cultural center. The 
city has achieved rapid development in the fields 
of urbanization, industrialization, growing popula-
tion, limiting natural resources, associated hous-
ing, and motorized vehicles, which significantly 
negatively strained the public urban environment. 
Evaluation of spatial distribution and associated 
health risks of HMs in SD has been linked to 
anthropogenic sources, such as industrial facilities, 
manufacturing sites, substructure, and street tools, 
which are still unknown in Ankara city. The accu-
mulation of SD on busy streets, intersection streets 
of regions, and areas with heavy traffic have shed 
light on several studies, and the diversity and con-
centration of HMs have been analyzed for possi-
ble pollution effects on urban and human health 
(Urrutia-Goyes et al., 2018). Reducing the number 
of vehicles and fossil fuel consumption is one of 
the primary campaigns that local authorities, envi-
ronmental organizations, and volunteers are under-
taking to help reduce urban pollution to improve 
public health (Danish et  al., 2020; Zhao et  al., 
2021). Recent studies have focused on exposure to 
SD pollution and detecting pollution at the inter-
sections of busy streets (Kamani et al., 2018; Pan 
et al., 2017). These studies examined the size and 
frequency of streets, the number of vehicles, traffic 
lights, and their distances to residences to define 
metal content. In particular, large squares and 
intersections were found to have higher concentra-
tions and types of HMs in dust than in other areas, 
probably due to higher traffic density and conges-
tion. Due to the speed of traffic flow on the city’s 
main streets and the absence of traffic lights, toxic 
metal levels in SD were relatively small, resulting 
in a low potential impact on human health (Cowan 
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et  al., 2021; Ren et  al., 2021). Although different 
methods were used for sample collection in SD, 
sweeping was the most common method.

Understanding the toxic metals of SD is essen-
tial for controlling atmospheric pollution and 
growing appropriate pollution mitigation strat-
egies. This work aims to investigate HMs in 
selected streets of Ankara city and health risk 
assessment of some selected toxic metals in SD 
by employing the US-Environmental Protection 
Agency (US-EPA) health risk estimation model. 
To the best of our knowledge, this research can 
serve as a multidisciplinary example of the 
sources and given the dramatic effects of toxic 
metals pollution in highly populated traffic road-
ways, peripheral zones, and industrialized cit-
ies across the globe. Supporting, modeling, and 
evaluating urban spatial research with spatial 
measurements have become possible by devel-
oping geographic information system technol-
ogy (Dong et al., 2021a, b; Luminati et al., 2021; 
Yuan et al., 2023). This study analyzed measure-
ments spatially and statistically, based on samples 
of varying densities and associated with different 
land use typologies along western development 

corridor of Ankara. In addition, it offers an inte-
grated approach that evaluates different popula-
tion groups based on indexes.

Materials and methods

The data production process of this study consists 
of four primary stages. These steps are presented in 
Fig.  1. In the research conducted in Ankara’s West-
ern development corridor, data on six different heavy 
metals were collected and evaluated in terms of spa-
tial, statistical, and risk assessment dimensions.

Study area

The research site in the following regions is between 
39.93170°N and 32.86369°D in Ankara city in Fig. 2. 
It is the capital of Türkiye, with a rapidly growing 
population of over 6 million, and is bordered by the 
eastern and northern highway routes. It is located at 
an approximate altitude of 890 m from the sea surface. 
Ankara’s street network covers more than 679 km and 
is home to more than 1.8 million vehicles circulating 

Fig. 1  Flowchart of the 
study
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daily. Although there are minor differences in Ankara’s 
climate, winters in Ankara are freezing, and summers 
are hot. The yearly average temperature varies from 40  
to -24.9 °C. The average annual rainfall varies from 
approximately 300 to 540 mm, and the humidity in the 
air varies from 40 to 79%. The temperature difference 
between day and night is high. Observing the content 
and spatial distribution of HMs in SD can also provide 
vital data on the severity of pollution in the surrounding 
city and the possible associated risks of health effects.

Sampling strategy

In the study area, 60 SD samples taken from twenty key 
sampling sites were collected from the busiest main 
street intersections in Ankara city. These intersections 

are often referred to as squares. Plastic brushes and 
sweepers were used for dust collection from streets, 
sidewalks, and gutters in circles with a 1 ± 0.1  m2 
radius around each sampling spot for three consecu-
tive days. The brushes were cleaned three times with 
distilled water before samples were collected. Approxi-
mately 200 g of SD composition sampling was placed 
in sealed polyethylene bags at the operation area, and 
labeled and then transported to the respective labora-
tory during September 2022. In addition, all bowls, 
buckets, and bags used in the study were sterilized.

Laboratory analysis

The homogeneously distributed samples were col-
lected and coded carefully, and brought to the 

Fig. 2  Geographical position maps of the sampling fields in the Ankara urban area
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laboratory for processing. The SD was processed 
without any contamination, respectively, as follows: 
(i) samples were dried at 70°C for 96 h, (ii) ground 
in a mill, (iii) It was sieved through a 100 μm nylon 
sieve, and (iv) They were stored at 4°C until the 
methods of digestion. To specify, Cd, Cu, Co, Pb, Zn, 
and Ni concentrations were digested by microwave-
assisted aqua regia digestion. 0.25 g of accurately 
weighed SD samples in polytetrafluoroethylene-
tetrafluoromethane (PTFE-TFM) cups, to which HCl 
and  HNO3 were added with a 6 and 2 mL ratio. The 
microwave oven was started for 15 min, and then, the 
cooling samples were filtered with ultrapure water. 
The digested container samples were individually 
analyzed with inductively coupled plasma optical 
emission spectrometry (ICP-OES).

Data analysis

Each SD sample was taken in replicate, and repro-
ducibility was ensured by the paired Student’s t-test 
at a 95% confidence level. Descriptive statistics were 
outlined values of minimum, maximum, mean, and 
standard deviations (SD), coefficients of variation 
(CD) using the IBM Statistical Product and Service 
Solution (SPSS) Statistics 22 software. Followed by 
a box plot outlining the data scatter (25th quartiles, 
the median, the mean, and the 75th percentiles), Pear-
son correlation analysis for the relationship between 
metals, and principal component analysis (PCA) for 
quantitative resource allocation were employed to 
assess HM variables in SD.

Risk assessment model

Exposure dose

People are directly or indirectly subjected to SD by 
ingestion, inhalation, and dermal contact. The intake 
rates and particle emissions that form the basis for 
non-carcinogenic and cumulative carcinogenic risks 
were calculated for Cd, Cu, Co, Pb, Zn, and Ni for 
three exposure pathways in Ankara. Various HMs 
in SD were also evaluated to quantify the carcino-
genic–non-carcinogenic hazards for both adults and 
children. Therefore, the equations are used in the 
United States Environmental Protection Agency’s 

methodology for measuring exposure to HMs in SD  
(US EPA, 1986, 1989, 1993,  1996). The formulas  
by the Exposure Factors Handbook (US EPA, 1997) 
were also used to depict the average daily dose 
(ADD) (mg/kg/day) of Cd, Cu, Co, Pb, Zn, and Ni via 
ADDing(through ingestion), ADDinh (via inhalation), 
ADDdermal (via dermal contact), ADDvapor (via vapor), 
and average daily dose over a lifetime (LADD).

where C is related to the concentration of HMs 
(mg/kg); the exposure factors for adults and chil-
dren in IngR (ingestion rate) were 100 and 200 
mg/d, and InhR (inhalation rate) were 20 and 7.6 
 m3/day. EF is exposure frequency within 180 day/
year for children, and ED is exposure duration 
between 6 and 24 years for children and adults. 
BW is the average body weight accepted as 15 
and 70 for children and adults; AT is the aver-
age exposure time (ED × 365) and 25,550 for non- 
carcinogenic and carcinogenic children. Particle 
emission factor (PEF) is 1.36 ×  109  m3/kg in chil-
dren, the skin adherence factor (SL) is 0.2 and 0.07 
mg/cm2/day, and the exposed area of the skin (SA) 
is 2800 and 5700  cm2 for children and adults. Also, 
the dermal absorption factor (ABS) is 0.001 as  
unitless.

Furthermore, hazard indexes (HI) and hazard quo-
tient (HQ) were calculated for carcinogenic–non- 
carcinogenic impacts for each pathway of exposure in 
the present analysis. When the HI value is ≤ 1, it indi-
cates that no relevant non-carcinogenic adverse effect 
risks have been identified. What if HI > 1 means that 
non-carcinogenic effects can occur; the more HI goes 
up, the more likely the event will occur (US EPA, 2001).

(1)ADDing = C ×
IngR × EF × ED

BW × AT
× 10

−6

(2)ADDinh = C ×
InhR × EF × ED

PEF × BW × AT

(3)

ADDdermal = C ×
SL × SA × ABS × EF × ED

BW × AT
× 10

−6

(4)ADDvapor = C ×
InhR × EF × ED

VF × BW × AT

(5)

LADD =
C × EF

PEF × AT
×

(

InhRchild × EDchild

BWchild

+
InhRadult × EDadult

BWadult

)
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Pollution and geo‑accumulation index

To determine soil quality, a pollution index (PI) and an 
integrated pollution index (IPI) for Cd, Cu, Co, Pb, Zn,  
and Ni were calculated using the concentrations and 
background values in Eq. (7). IPI is derived from the 
mean value of PI for each metal. PI and IPI indicate 
pollutants grade as follows: low (IPI ≤ 1), moderate 
(1 < IPI ≤ 2), and high (IPI > 3.0). The geo-accumulation  
index (Igeo) has been described to show metal contami-
nation levels in SD by the geological and anthropo-
genic origins of the trace elements in Eq. (8) (Müller,  
1969). Cn is the total concentration of these metals, 
and Bn is the background concentration of the metals 
concerning PI and Igeo. The Igeo is classified into seven 
groups to increase one by one from uncontaminated 
(< 0) to highly contaminated (> 5).

(6)

HQing =
ADDing × RBA

RfDing

HQinh =
ADDinh

RfDinh

HQdermal =
ADDdermal

RfDdermal

HQvapor =
ADDvapor

RfDvapor

HI

i
∑

1

HQ
Results and discussion

Spatial distribution pattern of HMs

Studying the spatial distribution of HMs in urban road 
dust is helpful for detecting areas of hotspots with 
high concentrations of HMs and assessing potential 
sources. Consideration should be given to multiple 
anthropogenic factors in using geostatistical tech-
niques in the urban environment. Spatial distribution 
maps of HMs in the study area were prepared using 
ordinary Kriging interpolation with ArcGIS 10.0. SD 
spatial distribution of Cd, Cu, Co, Pb, Zn, and Ni can 
reflect possible HM sources in Fig. 3. The distribution 
patterns of the six elements commonly controlled by 
human activities share the same features. Some prom-
inent intense polluted hotspots are usually located at 
higher levels in the southern and western parts of the 
study area. This trend is probably related to the local 
prevailing wind direction (northeast wind). Among 
these elements, lead shows a more diffuse distribution 

(7)PI =
Cn

Bn

(8)Igeo = log
2

(

Cn

1.5Bn

)

Fig. 3  Spatial distribution of HM concentrations in SD
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and prominent Pb pollution hotspots are in the city’s 
center. Therefore, Pb is still the most abundant pollut-
ant in the SD of Ankara and should have priority in 
pollution control.

Relative to the other cities inside and outside the 
countries, the HM concentration of HMs was lower 
than that in many territories, except Pb, Cd, and Ni. 
Moving to more urbanized zones may contribute to 
an overall increase in the prevalence of HM in such 
places (Istanbullu et al., 2023). Kabir et al. (2022) inves-
tigated various toxic HMs for contamination and spatial 
distribution in Kushtia, Bangladesh. Industrial emis-
sions, agricultural applications, and heavy traffic activi-
ties have released Pb, Cu, Cr, Zn, Ni, and As with dust 
samples in this region. The spatial distribution maps 
have occurred for a more contaminated site named St-5, 
derived from pollution due to the central point of trans-
portation and other anthropogenic activities.

Similarly, Bisht et  al. (2022) reported that the 
spatial distribution of Zn, Cu, Ni, and Pb in the sev-
eral zones of Dehradun city was related to fossil fuel 
burning and vehicle parts abrasion. Fan et al. (2022) 
demonstrated PTMs contamination in resuspended 
SD, leading to ecological–health risks in the Shiji-
azhuang. Thus this research was to estimate overall 
contamination assessment and spatial distribution 
maps of potentially toxic metals. Their regular and 
non-normal distributions were considered in terms 
of similar spatial distribution tendencies. They show 
dominant sources of metals in urban regions. Cd, Cu, 
Ni, and Zn can come from petroleum combustion, 
while Pb and Cr are multiple sources from the com-
bustion of coal fossil fuels. Cd, Cr, and Ni have also 

followed a relatively diffuse spatial distribution pat-
tern in particular areas, whereas Cd has a compara-
tively dispersed spatial distribution. Relatively higher 
Cd and Zn contents were detected in the hotspots of 
industrial areas and cultivated land at the confluence 
point (Men et  al., 2018). Wu et  al. (2022) identified 
sources of heavy metal pollution, respectively, heavy 
industry, improper agricultural practices, and urban 
development in China. In a study conducted in the 
Lintong District of Shaanxi Province, a characteris-
tic arid zone in northwestern China, farming sources 
65.5% of heavy metals.

In comparison, traffic was 17.9%, and natural 
factors 11.1% (Liu et  al., 2023). While Bisht et  al., 
(2022) identified the pollutant heavy metal pollu-
tion as vehicle-derived in their analysis in India, 
Skorbiłowicz et al. (2023) statistically modeled high 
Cr, Cu, Ni, Zn, and Pb concentrations in locations 
with high traffic flow, the presence of shopping malls, 
administrative buildings, and bus stations. In the case 
of Ankara, the impact of urban activities and vehicu-
lar circulation is monitored spatially.

Amount of HM content in SD

Statistical descriptions of the selected toxic met-
als in the research region are listed, and the results 
of ’one-way ANOVA are in Table  1. The mean Cd, 
Cu, Co, Pb, Zn, and Ni concentrations in Ankara SD 
were mg/kg, respectively. The concentrations range of 
Cd, Cu, Co, Pb, Zn, and Ni in SD over the study area 
ranged from 3.34–4.50, 31.69–42.87, 16.09–21.54, 
42.85–57.55, 0.00–3.51, and 23.03–30.79 

Table 1  Statistical 
descriptive data and one-
way ANOVA analysis of 
HM concentrations (mg/kg)

SD Standard Deviation, 
CV Coefficient of Variation
***Significant at 0.001 
level

Co Ni Cu Zn Cd Pb

Minimum 16.09 23.03 31.69 0.00 3.34 42.85
Maximum 21.54 30.79 42.87 3.51 4.50 57.55
Mean 17.99 25.86 35.66 0.88 3.75 48.07
Median 17.88 25.66 35.36 0.76 3.72 47.71
SD 1.16 1.61 2.32 0.65 0.23 3.02
CV 0.70 0.60 0.50 0.14 0.68 0.72
Kurtosis 0.89 0.96 1.09 3.17 1.21 0.98
Skewness 0.91 0.87 0.95 1.38 0.93 0.93
F 2.580 2.594 0.566 5.098 0.536 6.021
Mean Square Between groups 1.300 2.496 5.185 1.885 0.051 8.874

Within groups 2.240 4.201 9.154 3.154 0.096 14.295
Significance 0.041* 0.028* 0.836 0.000*** 0.854 0.000***
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respectively. The overall decreasing order of mean 
concentration of metals was observed to be as shown 
below: Pb > Cu > Ni > Co > Cd > Zn. The maximum 
Cd, Cu, Co, Pb, Zn, and Ni concentrations in the SD 
are 4.5, 42.87, 21.54, 57.55, 3.51, and 30.79 mg/kg. 
In relative terms, Pb and Ni are the most significant 
contributor to HM contamination via traffic density 
and population. However, the average amount of Zn 
was smaller than other metals. Pb and Zn values are 
significant at 0.001 level.

Other metals except Zn determined high coeffi-
cients of variation (CV: 0.5–0.72) that their combina-
tion sources probably affected high inhomogeneity in 
SD. Moderate coefficients of variation for Zn (0.14) 
reflect a relatively normal distribution. The skewness 
values of metals except Zn fall outside between − 1 
and + 1. Also, Kurtosis represented the extent of out-
liers without Zn, indicating the non-normal distribu-
tion by human activities.

Figure 4 illustrates a box plot of the HM concen-
trations (mg/kg) in SD at the 25th and the 75th per-
centiles, with the solid black line in the box represent-
ing the 50th percentile along with the error bars. It 
displays the min–max values of metal samples in SD. 

The uppermost and lowest horizontal lines indicate 
the maximum and minimum values.

Many studies have been conducted on SD in sev-
eral cities, finding a positive correlation between 
burning fossil fuels, industrial activities, and toxic 
metal accumulation (Habibi et al., 2022; Sobhanarda-
kani, 2019). Kamani et  al. (2017) inferred that SD 
has HM content and spatial/temporal distributions of 
Cd, Cr, Cu, Ni, Pb, and Zn performed in Tehran, Iran. 
They reported that pollutants’ mean concentrations 
varied in the order of Zn > Cu > Pb > Ni > Cr > Cd by 
anthropogenic causes such as urban transportation 
and traffic activities. Abbasi et al. (2017) revealed the 
two primary sources: (i) Cu, Zn, Sb, Hg, Pb, and Mo 
from road traffic emissions and (ii) Al, Mn, Ni, Ti, 
Cd, and Co from suspended soil particles. Due to oil 
refineries and heavy traffic load in Bushehr City, they 
detected higher concentrations of HMs in SD than in 
world soils. Alsbou and Al-Khashman (2018) meas-
ured Cd, Cu, Fe, Pb, and Zn concentrations in the SD 
of Petra, Jordan. This study concluded that anthro-
pogenic activities primarily contribute to toxic metal 
pollution. Similar research for SD in Shijiazhuang by 
Cai and Li (2019) proved that Cd, Cr, Cu, Hg, Ni, Pb, 

Fig. 4  Box plots showing frequency changes of toxic metal concentrations in SD
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and Zn concentration was evaluated as notably higher 
(5 and 917 times) from human sources.

We have compared the HM composition of SD, 
Cd, Cu, Co, Pb, Zn, and Ni concentrations in Ankara 
are relatively high compared to the population, indus-
try, and traffic pattern. The outcome of research stud-
ies has demonstrated that Cd, Pb, Cu, and Ni are most 
directly related to anthropogenic sources and the pos-
sibility of adverse health effects due to exposure to 
spatial variation in urban environments.

Correlation coefficient analysis

Pearson’s correlation analysis was executed for hot 
points to establish the inter-metal relationships in 
the road dust samples in Table 2. Co shows a strong 
positive correlation with Ni, Cu, Cd, and Pb where 
r = 0.997, 0.995, 0.994, and 0.995. A statistically sig-
nificant and positive correlation was observed for Ni 
and Cu (r = 0.996), Cd (r = 0.996), and Pb (0.995), 
which may indicate similar sources, such as vehicular 
emission. Cd and Pb are strongly correlated with each 
other.

Principle Component Analysis (PCA)

Table  3 shows the factor loading, eigenvalues of 
the factors, and percentage variances in PCA analy-
sis. The analysis results present 99.788% of the total 
variance, and first component (PC1), first compo-
nent (PC2), and first component (PC3) accounted for 
82.97, 16.70, and 11.11% of the variance.

Table  4 shows PI values of toxic metals in SD. 
The min and max values of PI for Cd, Co, Cu, 
Ni, Pb, and Zn were 25.42–34.60, 2.30–3.08, 
1.06–1.43, 1.54–2.05, 2.86–3.84, and 0.01–0.04. Cd 
and Pb exhibited higher IPI values with 28.90 and 

3.21; 51.7 and 48.3% of SD samples depicted high 
pollution levels. Also, Co was moderate level pollu-
tion with 2.57 for IPI in 45% of SD samples. Cu and 
Ni values indicate middle-level pollution, although 
Zn had the lowest contamination.

Table  5 presents the Igeo values determined that 
Cd was more significant than 0 for all SD samples 
and ranged from 4.10 to 4.53. These values sug-
gested heavy to highly contaminated, and Pb values 
indicate between 0.93 and 1.35 for moderately con-
taminated with anthropogenic sources. Ni had an 
Igeo of 0.03–0.45, with 53.3% of SD samples having 
an Igeo greater than 0 (uncontaminated to moder-
ately contaminated). Cu and Zn Igeo values less than 
0 were classified as not contaminated with Cu and 
Zn.

Human health risk assessment of HMs

Table  6 displays the carcinogens and non-carcin-
ogen effects of Cd, Co, Cu, Ni, Pb, and Zn (mg/kg/

Table 2  Pearson’s 
correlations matrix for the 
metal concentrations

**Correlation is significant 
at the 0.01 level (2-tailed)

Co Ni Cu Zn Cd Pb

Co 1
Ni 0.997** 1
Cu 0.995** 0.996** 1
Zn 0.036 0.042 0.056 1
Cd 0.994** 0.996** 0.994** 0.035 1
Pb 0.995** 0.995** 0.994** 0.013 0.994** 1

Table 3  PCA loadings of essential principal components vari-
ables

Extraction and rotation method present principal component 
analysis and varimax with Kaiser normalization

Parameters Component

PC1 PC2 PC3

Cd 0.997 0.017 0.060
Co 0.998 0.018  − 0.001
Cu 0.997 0.038  − 0.040
Ni 0.998 0.024 0.018
Pb 0.998  − 0.005  − 0.034
Zn 0.018 1.000 0.000
Eigenvalue 4.891 1.999 0.907
% of variance 82.97 16.70 11.11
Cumulative % 82.97 99.67 99.78
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day) in SD for children and adults. Upon compar-
ing, the assessment results of Pb and Ni exposure 
were the highest, and HI values were 2.42E + 00 and 
2.28E + 00 mg/kg/day for children; however, Pb and 
Ni effects to adults were 2.62E-01 and 2.37E-02 mg/
kg/day. Exposure levels via ingestion ranged from 
 10–4 to  100 in all SD, while the inhalation and dermal 
contact exposure were  10–9 to  10–2, about  10–5 to  10–2 

times lower than ingestion. Ingestion via the mouths 
of SD samples is a more prominent contributor to 
health risks for children and could be ignored com-
pared with the risk from inhalation and dermal con-
tact. The exposure risk of Cu (8.47E-03 mg/kg/day) 
and Zn (8.01E-04 mg/kg/day) for carcinogenic risk 
was low and acceptable in adults.

Table 4  Pollution index 
(PI) and an integrated 
pollution index (IPI) of 
HMs

*NOE The number of 
individual metal-containing 
dust samples that exceed 
the classification values. 
**ROE Percentage to 
exceed classification ratings

Elements Pollution index (PI) NOE* ROE** (%) Contamination level

Min Max Mean (IPI)

Cd 25.72 34.60 28.90 31 51.7 High
Co 2.30 3.08 2.57 27 45 Moderate
Cu 1.06 1.43 1.19 29 48.3 Middle
Ni 1.54 2.05 1.72 30 50 Middle
Pb 2.86 3.84 3.21 29 48.3 High
Zn 0.01 0.04 0.01 52 86.7 Low

Table 5  Igeo values of HMs

Elements Igeo NOE* ROE** (%) Anthropogenic influences

Min Max Mean

Cd 4.10 4.53 4.27 29 48.3 Heavily to extremely contaminated
Co 0.62 1.04 0.77 31 51.7 Uncontaminated to moderately contaminated
Cu  − 0.51  − 0.07  − 0.34 38 63.3 Uncontaminated
Ni 0.03 0.45 0.20 32 53.3 Uncontaminated to moderately contaminated
Pb 0.93 1.35 1.09 9 15 Moderately contaminated
Zn  − 8.76  − 4.68  − 6.90 54 90 Uncontaminated

Table 6  Exposure risks of cancer and non-cancer of toxic metals

Children Adult

Elements HQing HQinh HQdermal HI HQing HQinh HQdermal HI

Non-carcinogenic Cu 3.14E-01 2.0363E-07 5.56E-05 3.15E-01 3.37E-02 7.64784E-08 8.49E-05 3.38E-02
Co 4.92E-01 1.32E-06 5.14E-02 5.44E-01 5.53E-02 1.32E-06 5.14E-02 1.07E-01
Cd 5.75E-03 7.89E-07 6.46E-03 1.22E-02 6.16E-04 7.89E-07 1.07E-02 1.14E-02
Pb 2.42E + 00 2.89E-06 1.58E-03 2.42E + 00 2.59E-01 2.89E-06 2.61E-03 2.62E-01
Ni 2.28E + 00 2.87E-07 8.96E-05 2.28E + 00 2.37E-02 1.08E-07 1.47E-05 2.37E-02
Zn 3.09E-01 9.71E-09 3.03E-06 3.09E-01 3.21E-03 3.65E-09 4.96E-07 3.21E-03

For carcinogens Cu 1.96E-02 2.0363E-07 5.56E-05 1.96E-02 8.39E-03 7.64784E-08 8.49E-05 8.47E-03
Co 3.06E-02 1.43302E-06 5.59E-02 8.66E-02 1.38E-02 1.43302E-06 5.59E-02 6.97E-02
Cd 3.58E-04 8.58807E-07 7.03E-03 7.39E-03 1.53E-04 8.58807E-07 1.07E-02 1.09E-02
Pb 1.51E-01 3.13333E-06 1.71E-03 1.52E-01 6.45E-02 3.13333E-06 2.61E-03 6.71E-02
Ni 1.42E-01 2.86808E-07 8.96E-05 1.42E-01 5.91E-03 1.07718E-07 1.47E-05 5.92E-03
Zn 1.92E-02 9.71304E-09 3.03E-06 1.92E-02 8.00E-04 3.64799E-09 4.96E-07 8.01E-04
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Relevant for both children and adults, other 
researchers have also noted parallel trends between 
atmospheric dust and human exposure (Hosseini 
et  al., 2020; Sobhanardakani, 2018). Wang et  al. 
(2020) explored potential toxic metal pollution and 
its non-carcinogenic and carcinogenic health risks for 
children and adults. The hazard index and carcino-
genic risk index were determined as health risk indi-
cators. The mean HQs for children were 9, 6.6, and 
1.8 times the values of adults for ingestion, dermal 
contact, and inhalation. Jiang et al. (2018) calculated 
health risks using HQ, HI, and CR from exposure 
to multiple metals in Lanzhou. For human carcino-
gens, HI values for children were 0.249 for Cr, and 
no non-carcinogenic risks for adults were 2.32 ×  10−2 
below the safe level. Trojanowska and Świetlik 
(2019) assessed health risks with traffic-related Cr, 
Cu, Fe, Mn, Ni, Pb, and Zn in the SD of Radom, 
Poland. They were used to estimate human health 
risks through direct ingestion, inhalation, and dermal 
absorption, the main pathway for children and adults.

Conclusion

Dust pollution significantly threatens urban air qual-
ity, leading to public health issues. This study inves-
tigated the contamination state, primary sources, 
chemical speciation, and health risk assessment of 
6 metals in SD of  Ankara. The concentrations, risk 
status, and current levels of the HMs studied in this 
research were compared with other cities in the rel-
evant literature. The results show that SD in Ankara 
has high metal concentrations. Cd, Pb, and Ni are 
derived mainly from street transportation sources; 
Cu and Co have a natural and anthropogenic mixed 
source; Zn is derived from local soil. The sequence 
of mobilization order based on the sum of the 
sequential extraction steps of the modified BCR is 
Pb > Cu > Ni > Co > Cd > Zn. Pb and Ni posed higher 
risk factors for children, and exposure levels by inges-
tion ranged from  10–4 to 100 for all SDs, while inhala-
tion and dermal contact exposure ranged from  10–9 to 
 10–2, which is approximately  10–5 to  10–2 times lower 
than ingestion. While compared to adults, children 
were more sensitive to exposure to non-carcinogenic 
and carcinogenic risks compared to adults. It indi-
cates that Ankara’s ambient urban quality is relatively 
poor, and traffic emissions are the dominant source of 

pollution on the main roads. Furthermore, the track-
ing should be strengthened to preserve the health of 
the inhabitants. Toxic metal species in resuspended 
SD affect its environmental behavior and risks and 
should be studied in the future. The current distribu-
tion reflects the risk of heavy metal accumulation in 
the central and roadside parcels that constitute the 
city’s more pitted topography. The spatial distribu-
tion pattern extending from the city center to the west 
corridor critically analyzes discussions about falling 
concentrations at the peripheries and compact and 
sprawling city models.
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