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Abstract On a global scale, the urban design of
city centers is a topic of discussion concerning vari-
ous aspects such development and its impact on pub-
lic health. This research examines the health effects of
urban agglomeration in city centers with compact, close
development. In this work, the potentially toxic metals
in street dust were studied by collecting and measuring
street dust samples, measuring trace metal concentra-
tions, and using index assessment, spatial analysis, cor-
relation analysis, and health risk assessment models.
Eskisehir, located in the part of Central Anatolia close to
the Aegean region, west Tiirkiye, has been widely recog-
nized as one of the most popular, known for having many
narrow and old buildings in urban environments. The
present paper investigates the atmospheric dust-related
chemical speciation, urban environmental pollution, and
human health risks in Eskisehir City by studying 66 dust
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samples collected at 11 points in the selected streets in
August 2023. the study found that the concentrations of
trace elements followed the order Cr > Ni > Pb > Cd >
Cu. The primary source of these high levels is believed
to be traffic-related contamination involving Cd, Pb, and
Ni. The assessment of non-carcinogenic health risks has
shown that the significant sources of potential toxic met-
als exposure for both children and adults are i) through
ingestion and ii) dermal contact. The Hazard index (HI)
for selected metals decreased in the order Cr > Pb > Ni
> Cd > Cu for both children and adults without impos-
ing possible non-carcinogenic risk (HI<1). On the con-
trary, Cr posed cancer risks above the safety threshold (>
10" through ingestion. Based on the available findings,
Eskisehir still suffers from considerable environmental
and ecological degradation and severe health risks due
to street dust contamination. However, while high pollu-
tion was detected in the city center, where there is com-
mercial land use, low values were observed in the region,
rich with the water surface, bicycle paths, landscape
design, and where traffic is slowed down.

Keywords Human exposure - urban modeling -
land use - spatial distribution - land management

1 Introduction

Urban environments face mounting challenges due to

population growth, industrialization, vehicular emis-
sions, and energy demands. These stressors negatively
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impact air quality, urban expansion, and sustainable
development in cities (Bernardino et al., 2019; Wang
et al., 2018). This issue has transcended regional,
city, or country boundaries and has become a global
concern (Goudie, 2014). As climate change inten-
sifies, it has been reported that over 7 million lives
have been lost, primarily due to respiratory infections,
heart and lung diseases, and lung cancer (An et al.,
2018; Combes & Franchineau, 2019). Exposure to
urban pollutants has become inevitable in societies
that fail to prioritize and implement planned urbani-
zation (Zeng et al., 2020). Urban pollution affect-
ing air, water, and noise has emerged as a significant
threat to public health (Jaafari et al., 2021). Human
health and ecosystems are exposed to hazardous sub-
stances (Aguilera et al., 2021). Numerous advanced
techniques and integrated risk functions have been
developed to assess the global disease burden of fine
particulate matter (PM, s) from cities’ anthropogenic
sources (Adewumi, 2022). However, their adoption
remains limited (Fang et al., 2015; Liu et al., 2016).
Many of these pollutants can be attributed to traf-
fic and related emissions, adversely affecting city air
quality through carbon emissions, aerosols, particulate
matter, and toxic metals (Boloorani et al., 2021).

City centers, characterized by concentrated ser-
vices and populations, serve as commercial hubs
(Trujillo-Gonzalez et al., 2016). These areas are influ-
enced by intricate dynamics interconnected at various
levels (Liang et al., 2019). Consequently, the develop-
ment of sustainable city centers has gained significant
attention (Yu et al., 2013). The sustainability chal-
lenge has rekindled interest in urban land use patterns
and city structures’ compactness or sprawling nature.
As a result, urban planning research now focuses on
managing growth following sustainability goals and
maintaining the relationships established within city
centers (Weber et al., 2014).

Pollutants in the urban environment are predomi-
nantly anthropogenic, such as vehicular exhaust, indus-
trial emissions, and coal-burning activities. However,
they can originate from both natural and anthropo-
genic sources, either directly or indirectly (Zhao et al.,
2021). They were released into the outdoor environ-
ment, attached to PMs, and traveled long distances
with them. Among them are elements that bioaccumu-
late and have high toxicity on ecosystems and human
health, depending on the concentration. As the release
of pollutants continues to increase, their concentrations
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increase in the region, posing a net health risk to
residents (Xie et al., 2019). The combined effects on
human health due to the increased diversity of pol-
lutants and their non-dispersive presence is a reason,
among many others, for the migration of residents to a
more tranquil and pollutant-free area. Toxic metals can
be found in street dust in urban environments that have
deteriorated the urban air quality and endangered liv-
ing organisms and human health via inhalation, inges-
tion, and skin contact (Acosta et al., 2015).

During the summer months, when there is little or
no rainfall, the accumulated dust increases, and the
amount of toxic metals increases; they are carried to
a considerable distance by the wind due to the dura-
bility of the gaps (Qadeer et al., 2020). Particularly in
Eskisehir, intense accumulation and transport occur
throughout the year in cities where precipitation is low
but urbanization is intense. According to data from
Tiirkiye’s’s Meteorology Offices, during 2023, the
lowest and highest PM,, values recorded were 6.92
and 146.31 pg/m’, respectively. Some days, they dem-
onstrated that the daily mean value surpassed 336 pg/
m?, with over 10% of the days exceeding the hazardous
health limit set by the United States Environmental
Protection Agency (US EPA, 2008). During the sum-
mer, when there is little or no rainfall, dust and toxic
metals increase. They are carried to a considerable
distance by the wind due to the durability of the gaps.
This is why the rates of cardiovascular and respiratory
diseases and lung cancer are increasing in survivors.
The street dust particles are highly connected with
toxic metals. This problem has attracted global atten-
tion through the local governments, which need to
continuously monitor the region’s toxic air pollutants
level to assess ecological and health hazards. Effective
spatial planning and sustainable land management can
have significant impacts on the potential transfer of
heavy metals from contaminated soils to humans. In
this context, while the compact or sprawling structure
of the city center is being discussed, the kind of threat
posed to health by single-centered, compact settle-
ments should be known. The current literature review
shows that road dust is widely used for heavy metal
monitoring. The network between identifying heavy
metal sources and health risk assessment is strong in
Fig. 1. Therefore, road dust was chosen as an indicator
for health risk assessment.

This study comprehensively investigates street dust
trace metal concentrations, contamination levels, and
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pollution sources in Eskisehir, assessing ecological
risks through multiple pollution/ecological indices.
It further evaluates potential non-carcinogenic and
carcinogenic risks for children and adults due to long-
term exposure to toxic metals in street dust. Focus-
ing on high-traffic streets, this research offers unique
insights into pollution levels and ecological/human
health risks associated with metal pollution. It distin-
guishes itself from prior Eskisehir studies and estab-
lishes a vital database on environmental pollution and
its impact on inhabitants’ health. Analyzing the city
center’s spatial structure and discussing land use and
health risks across various age groups completes the
research.

2 Literature Review

The framework of potentially toxic metals in street
dust by vehicular emission, engine corrosion, and
interruption of air streams is used to research envi-
ronmental literary endeavors. Potentially toxic metals
in street dust are a cognitive extension of the stand-
ard urban air quality that assumes various elements
influencing environmental health (Li et al., 2016).
Urbanization, population, wealth, and technology
are commonly considered arguments for examin-
ing their contribution to urban air quality (Dehghani
et al., 2017; Jiang et al., 2018). As a result, this cur-
rent research aims to confirm the effects of popula-
tion growth, economic growth, green economy, and

energy consumption on environmental degradation.
Overall, this paper aims to affirm the effects of popu-
lation growth, urbanization, economic growth, and
energy consumption on urban air quality degradation.

The potentially toxic metals in street dust explain
how urban emissions impact urban air quality dete-
rioration. Saeedi et al. (2012) revealed the high
ecological risk of street dust samples by traffic and
related activities. After that, a sizable body of stud-
ies appeared to examine the occurrence of ecological
and health risk assessment (Acosta et al., 2014; Musa
et al., 2019; Tang et al., 2013; Urrutia-Goyes et al.,
2018). Their experimental evidence demonstrated
that income has various effects on urban air degra-
dation. Zheng et al. (2010), Wang et al. (2012), and
Rajaram et al. (2014) have shown that rapid urbani-
zation and traffic emission leads to urban air degra-
dation in several regions. This phenomenon supports
the potentially toxic metals, demonstrating a deposi-
tion on biomass. Their findings revealed an accumu-
lation, showing rapid urbanization and its emission
are incredibly connected. Increased urban activities
will boost existing emissions mobility and worsen
ecology and health.

Many scholars have explored the correlation
between densely populated streets and health risks
(Du et al., 2013; Duong & Lee, 2011; Han et al.,
2014). Apeagyei et al. (2011) highlighted that
motor vehicle traffic significantly elevates heavy
metal concentrations, increasing metal pollution
and declining human health. Similarly, Li et al.
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(2013) and Elom et al. (2014) investigated the
relationship between toxic metal deposition in the
human body via street dust. They found that urban
street dust poses substantial health risks to humans.
The growing human and vehicular populations in
cities, alongside the expansion of industrializa-
tion, have resulted in increased waste generation.
Although alternative road routes used by urban
centers to combat overcrowding have reduced
traffic, the accumulation of traffic-induced toxic
substances could not be prevented. Although the
accumulation of toxic substances has been reduced
on the roads intended to be pedestrianized, they
remain in the environment for long periods with-
out decomposing. Many studies have been con-
ducted on the adverse effects of toxic substances
on human health by Han et al. (2016), and Ladonin
and Mikhaylova (2020). In the results, the concen-
tration, source, distribution pattern, degree of pol-
lution, and risk assessment of heavy metals from
various anthropogenic sources pointed to the use
of motor vehicles, especially traffic, leakages in
industrial processes, and various other activities.
Table 1 emphasizes the aspects those studies focus
on determining the impact of toxic metals on ecol-
ogy and human health.

3 Material and Methods

This study comprises a five-phase approach, illustrated
in Fig. 2. The research design was initially established,
followed by land use assessment and sample collec-
tion in the study area. Subsequently, the findings were
assessed through comprehensive analyses at three
distinct levels: heavy metal concentrations, correla-
tion examination, and health risk evaluation. The risk
assessment was tailored to consider land use, statisti-
cal data, and age group demographics.

3.1 Study Area

Eskisehir is situated in the northwestern of Tiirkiye,
covering approximately 2678 km? and a popula-
tion of 807,068 habitats accroding to Turkish Statis-
tical Institute (TUIK), (2022) in Fig. 3. This city is
the most populated area because it has an Organized
Industrial Zone. Agricultural activities are relatively
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limited, so their contribution to atmospheric pollu-
tion is insignificant. Its climate is severe continental
and extremely fragile to wind erosion/dust emissions;
also, average rainfall is generally low during the sum-
mer and autumn. The characteristics of annual aver-
age temperature and precipitation of 21.9 °C and 15
mm typically occur in August.

3.2 Street Dust Sampling

In August 2023, a total of 66 street dust samples were
collected from 11 bustling, high-traffic streets with
dense populations. These areas experience heavy
vehicular congestion at traffic lights. A 0.5 square
meter frame, polyethylene brush (5.6 cm), and a plas-
tic hand shovel were used at each site to gather the
samples. The collected samples were then placed in
bags for transportation to the laboratory.

Upon reaching the lab, the street dust samples
underwent drying at 50°C for 48 hours, followed by
sieving with 100-micrometer sieves. This process
yielded 0.5 grams of each dust sample, which were
then separated for the analysis of toxic metal concen-
trations. Since background values were unavailable, the
continental upper crust values Rudnick and Gao (2003)
reported were employed as references. An aqua regia
extraction method was used in conjunction with Spec-
troBlue atomic emission spectrometry (ICP-OES, Ger-
many), which features a SpectroBlue plasma source to
analyze the toxic metal concentrations.

3.3 Chemical Analysis

This research concentrated on the determination of 5
toxic elements, including Cd, Cr, Cu, Ni, and Pb. All
chemicals and reagents were purchased from Sigma-
Aldsrich and used as analytical grades. The wet
digestion technique was applied with aqua regia—HCl
(37%) / HNO; (69%), 3:1 (v/v) for 60 min at 80°C and
then, they were washed with deionized water, filtered
through a Whatman filter, were dried and analyzed by
Inductively Coupled Plasma Optical Emission Spec-
troscopy (ICP-OES) (Ishtiaq et al., 2018). A blank
sample was prepared for each group during digestion
for quality assurance/quality control (QA/QC). At the
same time, the calibration curve was plotted by using
five standards for the accuracy of the extraction and
dust assessment method. All samples were processed
and inspected in three replicates.



Page 5of 17 302

Water Air Soil Pollut (2024) 235:302

eoIe Apnys oy} Jeau [10S

woly sanfeA punoidyoeyg  Ajanoe oreSodonpuy

punoi3
-yoeq [eOTAYI090)

S[oAQ] punoidyoeg

anfeA punoidyoeg

SUONEIUIIUOD
[eIUSWLR punoidyoeg

S[9A9] punoIdyoeg

sonfeA punoigyoeq pue
$901n0s dsruegodonpuy

seale

[eLSNPUT PUE ‘SIOIUAD

9OIAIQS pUE [IB)aI

‘SJOLISIP [BUSPISAT
‘sainoi yrodsuen ur

J1jJe1) 9[O1YA JOjoW
Jo Ayrsuayur Sutkrep

SpIoY 90IN0S
uonnyjod oyroads 03
9SO0[0 JOU SeMm ST

-ISUQp OLJeI) Je[NOIYA
BIIR
JAT)ISUQS pUB SBaIR
[eNUDPISAI ‘SeATR
[eLOSNPUI ‘SAUOZ d1
-yen Asnq ‘skemysy
[euoneu Surpnjout
‘seare uoneziuegqin
pUE UONIRZI[RLIISNPUL
JIqeuTEISNS-UOU

‘pojuopasardun ‘pidey

BAIR [BINI pUR
seare oujen Aaeay
‘sooe[dioxTeW OO

[enuapisal pue “yred
ueqIn ‘rernsnpur oy

-Jen Y31y ‘[eroIowwo))

BAIE [RUONIBONDPI
‘seare oyjen Kyisuap
-KABQH ‘seare ueqin)

Isnp 199138
Jo sojdwres auo-A1104

saIs 1YS10-AIXIS

soduwres

uZ pue pD ‘qd

uz pue

qd ‘IN ‘1D D ‘PO

1P 10018 AY-KYI]  UZ Pue ‘qd 2 ‘N ‘PO

sordures
JSNP 1991)S UYL

sordures 1ys1g

sordures 3snp
190ms Jy31e-Ajudnag

sordures isnp jooms
Inoj-A)jy paipuny auQ

n) pue ‘qq ‘pd ‘uz
OIAl pue q4
‘PO SV ‘Uz ‘nD ‘IN
‘0D ‘9 ‘1D ‘I'T ‘U
€D M ‘SN BN TV

uz pue
‘ad ‘IN D 1D ‘PO

qd pue
PO ‘UZ ‘0D ‘IN 1D

xaput
[29130[099 [enUS}0

YSLI [80150[009
renu9jod pue uonn|
-10d 1RIUSWIIOIIAUY

YsuI [ed130[00Yg

XOpur YSII
U)[eay pue [e0130[007

KoAIns yjeay [BIUSA

SYSLI $1091J9 I[eaY
PaJRIo0SSE [RNU0J

JUOWISSISS®

JSLI y)[eay pue ‘uon

-e[NWNOOR ‘UonNnqLy
-SIp ‘SUONBNUIDUO))

OJIXIN ‘U0
OAQNN] UI BAIY UR)

-1jodonoyA AS1IJUON

puefod ‘urqny

uepIof ur uoIsar

eI9d ‘BaTe YoqARI-Y

oy} 03 (9IS BSNIA[

ury) K11 esnjyl 1pem
qY} JO 20UBNUL Y],

RIPU] UISISBY
‘[OSUESY UT [ernsnpur
POZIS-WNIPIW ‘SIS
JUSISYIP USYL]
©OIOY] YINOS
Jo eare yinos ‘dna3
-UOJ[ UL PUB [NOSS
UT SIS JUQIQJJIP 99IY ],

uel] ‘uepayez
ur ueqIngns pue A1)

euty) ‘Sutliog
ur SuoI3ai [euon
-ouny JURISJJIP INOJ

(0200
‘[€ 10 BABN[-O[[ISED)

(6107) T 32 DPIqOI37Z

(8107) uew
-Yseyy-[y pue nogs[y

(L107) Te @ odon

(9107) T8 10 Wy

(ST00) T8 10 Tuewey]

(ST0T) T8 19 Iomy

{PUIUEXd
$90IN0S PAJE[I O]

SuoIs
-UQWIp uoneZIueqIN)

3uriojiuoworq
JO paInseaw Axold

S[eIoW PAJIS[AS

K30[0poyIoN

Anuno)

sioyiny

SUOISSTWY UBQI[) PUE S[BIS]A[ OTXO], UO YOIEasay] [eOLIOISIH | d[qeL

pringer

H's



302 Page 6 of 17

Water Air Soil Pollut (2024) 235:302

Table 1 (continued)

I

Do related sources

examine?

Urbanization dimen-

sions

Proxy measured of
biomonitoring

Selected metals

Methodology

Country

Authors

Springer

Thirty-five street dust A dense network of A non-industrial area
samples

Al,Mn, Zn, Cu, V, Pb,

Source apportionment

Kerman, Iran

Malakootian et al.

was selected as the
background point

streets and many min-

ing industries

Cr, Ni, Li, As, Co,
Mo, Sb, Cd, Ag

of elements, pollu-

(2021)

tion assessment, and
Potential ecological
health risk assess-

ment
Relative bioavailability, Cd, Cr, Cu, Ni, and Pb  One hundred sixty-five

Forest areas were used

Residential area,

Isinkaralar et al. (2024) Diizce, Tiirkiye

industrial area, main as background values.

dust samples

environmental pollu-
tion and health risk

assessment

city roads with heavy
traffic flow, and city

center

3.4 Statistical Analysis

In order to establish the relationship between toxic
metals in street dust and their potential origins, a com-
prehensive analysis was conducted using the Pearson
correlation coefficient and cluster analysis. These
methods were implemented with the help of the sta-
tistical software package SPSS version 22.0. The
Pearson correlation coefficient is a widely recognized
metric in environmental research, as it measures the
relative strength of the association between two trace
metals. During this analysis, the standard deviation
(S.D.) was calculated for each dust sample. The results
demonstrated good precision, as the relative standard
deviation was within 5% (S.D. < 5%). This indicates
that the detection limits for the concentration of met-
als such as Cadmium (Cd), Chromium (Cr), Cop-
per (Cu), Nickel (Ni), and Lead (Pb) were accurately
measured at 0.02, 0.09, 0.020, 0.015, and 0.09 mg/kg,
respectively.

3.5 Pollution Indices

Here, the potential ecological and human health risks
caused by toxic metals in street dust gathered from
several points in the Eskisehir were analyzed through
standard indexes, which are explained as follows
Hakanson (1980): i) Enrichment Factor (EF) is com-
monly applied to evaluate the contamination level and
to trace the origin and sources of certain elements
contained in street dust, ii) Ecological Risk Index (RI)
describes the degree of contamination of each metal
based on their adverse environmental risk (Laniyan
& Adewumi, 2019), and iii) Health Risk Assessment
model by US EPA (1989, 2001, 2011) associated with
toxic metals for both adults and children was calculated
through Hazard Index (HI) and hazard quotient (HQ).
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Fig. 3 The location of the sampling points in Eskisehir

Here C; is the concentration of heavy metals (i,
mg-kg!), and C, is the concentration of the reference
metal (r, mg-kg!). The EF value is smaller than one,
which means that the element mainly comes from the
crust and other natural sources, while an EF larger
than 1 implies that it is affected by both human and
natural factors. The EFs are categorized for enrich-
ment level as the minimum (1-2), moderate (2-5),
significant (5-20), very high (20-40), and extremely
strong (>40) (Ekwere & Edet, 2021). E; is the poten-
tial ecological risk factor of metal i, and 7; is the metal
toxic factor. f; is the metal pollution factor of metal i,
which equals the amount of metal i in the sample (C))
divided by its B;: reference value for metals, C; is the
content of metals in street dust. Classification levels
were determined as low (<150), moderate (150-300),
high (300-600), severe (>600) for Rl and low (<40),
moderate (40-80), high (80-160), serious (160-320),
severe (>320) for E;. The Eq. (5-7) were calculated
health risk by exposure patways which were used
some standard values as flows: IngR ;;;» and IngR .,
are 100 and 200 mg-day™ for the children and adult
ingestion rate (US EPA, 2011); Inh,;,, and Ingh,,,,
are 20 and 7.6 m® day’! for the children and adult

@ Springer

inhalation rate (US EPA, 2009); PEF ;4 and PEF
are 1.36E+09 m>-kg™! for the children and adults parti-
cle emission factor (US EPA, 2002); SL ;,;; and SL,;,;,
are 0.2 and 0.7 mg-cm™>day" for the children and
adult skin adherence factor (US EPA, 2002); SA_,iuu
and SA,,,, are 2800 and 5700 cm? for the children
and adult exposed skin area (US EPA, 2004); ABS-
chita @nd ABS ;. are the dermal absorption factor and
same value as 0.001 for Cd (US EPA, 2004); EF ;;,
and EF,;, in Eq. (5) are the exposure frequency as
350 day-yr' (); ED,;4 and ED,,, are 6 and 24 year
for the children and adult exposure duration; BW,;,
and BW,,,,, are 15 and 70 kg for the children and adult
body weight (US EPA, 2001); AT, and AT,,,, are
the same value as ED x 365 day for non-cancer the
averaging time and 70 X 365 day for cancer the aver-
aging time. The HQ is expressed as the ratio between
the average daily dosage (ADD) received through
several pathways (D;,,, Dy, and D,,,) and the refer-
ence dose (RfD) mg/kg/day for a given toxic metal.
The HI > 1 means probable non-carcinogenic activ-
ity of toxic metals; HI < 1 suggests no health risk.
However, carcinogenic risk (CR>1x10™) and accept-
able level (1x10°<CR< 1x10™) indicate the risk of
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toxic metal in street dust that 1 in 10,000 people can
get any cancer as a consequence of a lifetime of expo-
sure to carcinogenic hazards. Also, all variables are
used as a guide in the human health risk assessment
model based on US EPA (1989, 2001, 2007). Eq. (8)
expresses reference dose by different exposure path-
ways, in which RD,,., RD,,,, and RD),, are varied,
and the range value from 6.00E-05 to 1.20E-02 for the
toxic metal.

4 Results
4.1 Toxic Metal Concentration in Street Dust

Table 2 gives the descriptive statistics of Cd, Cr, Cu,
Ni, and Pb concentrations obtained from 66 street
dust samples gathered from eleven points on Eskisehir
Street. The trace elements examined in previous studies
for Cr, Ni, Cu, Pb, and Cd ranged from 224 mg/kg for
Cr to 0.51 mg/kg for Cd. The overall high Pb levels are
due to the high traffic density and industrial activities
in Eskisehir compared to other cities. A recent study
revealed higher average Cd, Cu, and Pb concentrations
in Eskigehir than outdoors. The mean concentrations of
Cd, Ni, and Pb have exceeded the values recorded for
the Upper Continental Crust. There was no considera-
ble variation in concentrations between streets and sam-
pling days, suggesting a higher contamination risk from
anthropogenic activities. Eskisehir has a unique charac-
teristic combination of elemental compositions. In these
selected points, observed values may not reflect actual
natural and anthropogenic diversities for all sites of
Eskisehir. The skewness values for the Cr, Ni, Cu, Pb,
and Cd were largely positive, indicating that the means
were higher than the median, suggesting the presence
of high pollution events and the temporal nature of the
highest concentrations between sampling points. The
arithmetic mean contents of Cr, Ni, Cu, Pb, and Cd
in the street dust of Eskisehir street dust decrease in
the order Cr > Ni > Pb > Cu > Cd. Except for Cd, all
trace metal levels exhibited major standard deviations.
It demonstrates the great diversity of amounts in street
dust. The skewness values of Cr, Cu, Pb, and Cd, except
Ni, are higher than unity, which indicates that these
elements are highly positively skewed towards low
concentrations.

Spatial distribution assessment is an assisted tool
for determining the polluted and non-polluted zones

Table 2 The descriptive statistics of Cr, Ni, Cu, Pb, and Cd
(mg kg'!) in street dust samples

Sampling points  Cr Cu Cd Ni Pb

1 22.83  16.00 076 3233 1783
2 47.00 35.17 141 4717 35.67
3 47.67 35.83 3.07 48.00 38.83
4 36.83  35.67 246 4333 39.50
5 59.50 55.67 239 5583 56.67
6 63.00 34.83 238 5750 4883
7 79.17  37.33 362 6083 61.17
8 94.67 3850 379 4983 5533
9 50.00  37.00 240 57.83 5350
10 5550 34.17 418 4033 51.17
11 46.83  27.17 1.88 40.00 39.67
Mean 54.81 3521 2.56 4845 4528
SD 27.94 1449 1.31 16.04 17.81
CV (%) 5098 41.15 51.17 33.11 3933
Skewness 0.87 0.44 0.52 0.18 0.28
Kurtosis 052 -027 -020 -051 -0.13

in a defined field on ArcGIS spatial map. In the cur-
rent work site, spatial distribution patterns of Cr, Ni,
Cu, Pb, and Cd in road dust are depicted in Fig. 4.

4.2 Correlation Analysis

Figure 5a displays dendrogram results in four clus-
ters: 1) Ni-Pb ii) Pb and Cu; iii) Cr; and iv) Cu and Cd,
which are fully consistent with the correlation results.
However, clusters 3 and 4 seem to come together rela-
tively higher, probably indicating a common source.
Pearson’s correlation coefficients between metals
represent common origin with potential natural and
anthropogenic sources in Fig. 5b. It can be seen that Cr,
Ni, Cu, Pb, and Cd had significant positive correlations
with each other. Pb-Cr and Pb-Ni showed significantly
strong correlations, r: 0.56** and r: 0.51** because
they represented vehicular traffic-related emissions.
Similarly, Ni and Cu had positive correlations with r:
0.54**, whereas Cu only had a slight correlation with
Cd (1: 0.11) due to Cd and Cu having different sources.
This suggests that Cd and Cu are partly derived from a
natural source (local soil), whereas Pb, Ni, and Cr are
mainly impacted by traffic and industrial operations.
According to EF values, EF value of Cr, and Cu
smaller than 1 implies no enrichment, while EF value
of Cd is 1-2, representing deficiency to minimal

@ Springer



302 Page 10of 17

Water Air Soil Pollut (2024) 235:302

30 30

(2)

39

30 30 30

/”\

Fig. 4 Spatio-temporal distribution of (a): Cr, (b): Cu, (¢): Cd, (d): Ni, and (e): Pb in the street dust for different land-use types in

Eskisehir

enrichment. The EF values of Pb and Ni were deter-
mined as moderate enrichment due to their values
calculated between 2 and 5.

4.3 Health Risk Assessment

The study of street dust environmental risks and
pollution factors is of major importance, giving

@ Springer

insight into emission sources and assisting deci-
sion-making for resilient cities. The EF of selected
toxic metals was calculated to assess the degree of
contamination of street dust, which obtained mean
EF values for Cu and Cd below 1.5. Their values
represent deficiency to minimal enrichment based
on their EF values, whereas the EF values showed
moderate enrichment for Cd and Pb and significant
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Ni

Pb

(b)

Fig. 5 (a): Dendrogram showing clustering and (b): Matrix of Pearson correlation coefficient values of toxic metals concentrations
in street dust. **. Correlation is significant at the 0.01 level (2-tailed)

enrichment for Ni. Traffic-generated emissions
in Eskisehir City and other urban facilities, such
as construction and household activities, can be
the main sources of anthropogenic emissions. Cd
and Cu could be partly released from vehicular,
although fossil-fuel combustion may also contrib-
ute to their levels. Table 3 shows that non-carcino-
genic health risks were calculated for Cr, Ni, Cu,
Pb, and Cd. The highest HQ;,, was estimated for
Ni and Pb in children (1.67E4+00 and 2.67E+00),
although these values were found for adults (1.41E-
02 and 2.27E-01), which means that low potential
to cause non-carcinogenic risk (HQ < 1). The HQ;,,
values for Cu were also high and comparable to
Cu’s, with averages of 1.15E-01 for children and Pb
2.27E-01 for adults. Ni presented the highest risk
values regarding the inhalation and dermal contact

pathways, thus being recognized as the most haz-
ardous element.

5 Discussion

In terms of the spatial distribution of toxic metals, the
sampling sites were chosen from urban environments
to represent diverse global locations. The research by
Mehmood et al. (2019), Ciarkowska et al. (2019), and
Silva et al. (2021) has focused on toxic metals from
industrial or factory sources and vehicular traffic in
cities. Pb, Ni, and Cd exhibited higher concentrations
in this context than other metals. However, these con-
centrations were still lower than those in the Upper
Continental Crust. On the contrary, the concentra-
tions of anthropogenic-related elements such as Zn,

Table 3 The mean value

of daily dose and hazard Elements Dy, Dy Dp, HQy, HQy, HQp,, HI

indices in toxic metal of Adults

street dust cd 7.10E-05 223E-10 7.41E-09 7.10E-02 3.86E-07 7.41E-04 7.18E-02
Cr 120E-04 4.73E-09 158E-07 4.18E-02 2.87E-06 1.12E-01 1.54E-01
Cu 3.94E-04 3.04E-09 1.01E-07 9.84E-03 7.60E-08 8.44E-06 9.85E-03
Ni 291E-04 4.19E-09 139E-07 141E-02 2.03E-07 2.76E-06 141E-02
Pb 7.94E-04 391E-09 130E-07 227E-01 194E-06 248E-04 227E-01

Children

cd 8.41E-04 3.86E-10 3.16E-08 841E-01 3.86E-07 3.16E-03 8.45E-01
Cr 1.54E-02 822E-09 6.73E-07 4.67E-01 2.87E-06 1.12E-01 5.79E-01
Cu 4.60E-03 528E-09 432E-07 1.15E-01 132E-07 3.60E-05 1.15E-01
Ni 333E-03 7.26E-09 S5.95E-07 1.67E+00 3.53E-07 1.10E-04 1.67E+00
Pb 933E-03 6.79E-09 5.56E-07 2.67E+00 1.94E-06 1.06E-03 2.67E+00
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Cu, Co, and Pb in the street dust samples were com-
paratively lower than those detected in atmospheric or
street dust samples collected in other cities. This can
be attributed to Eskigsehir’s lower population density,
reduced vehicular emissions, and the absence of sig-
nificant industrial zones (as mentioned in Shabanda
et al., 2019 and Hanfi et al., 2020). The street dust was
significantly enriched with Pb and Ni and moderately
enriched with Cd due to heavier traffic density, higher
population, and industrial activity (Pan et al., 2018).
Although Pb has been stopped being used as an addi-
tive in petrol and gasoline worldwide, Pb emissions
may still be related to the industrial sector and traffic,
similar to other urban sites (Huang et al., 2022). Pan
et al. (2017) noted that the current toxic metal con-
centrations for outdoor and indoor dust were signifi-
cantly higher than those recently reported in the city.
Trace elements in street dust are considerably
higher than in airborne dust because street dust is an
important sink for pollutants and heavy metals in the
urban environment (Mahato et al., 2023; Nezat et al.,
2017). As such, while suspended dust polluted with
urban pollution and heavy metals accumulates in the
streets, only a proportion can be re-suspended into
the atmosphere due to wind, traffic, and other human
activities (Bisht et al., 2022; Luo et al., 2019). Addi-
tionally, the highly relevant relationship between Ni
and Cr indicates that they presumably derive from sim-
ilar geogenic sources and are influenced by anthropo-
genic sources, such as the traffic sector tire and brake
wear (Rahman et al., 2019; Wahab et al., 2020). Wei
et al. (2021) exhibited that brake materials contained
Cu elements and existed in the atmosphere. Related
research defined by Shen et al. (2018) and Chen et al.
(2019) that Cu can be emitted into the urban environ-
ment due to wear of the car’s oil pump, corrosion of
metal parts in contact with the oil, and engine wear.
Many health risk assessment investigations about
street dust deposition, a considerable part of Ni, Fe,
Cr, and Co in the atmosphere comes from lithogenic
sinks by Bartholomew et al. (2020), Dat et al. (2021),
and Delgado-Iniesta et al. (2022). Similar to this
paper, Marin Sanleandro et al. (2018) reported that the
EF values for Pb and Ni show significant enrichment
due to traffic-related contamination. Previous research
investigating pollution and ecological risk indices for
street dust in urban environments has also reported
higher pollution levels and risk index values due to
the more significant deposition of hazardous metals

@ Springer

in the street rather than in airborne dust by Budai and
Clement (2018); and Nargis et al. (2022). The seasonal
variation of the content of toxic and poisonous met-
als, multiannual trends, and different sizes of street
dust require further research. Roy et al. (2022) empha-
sized that although general trends for certain toxic
metals in street dust are maintained, individual indi-
ces show slightly different pollution levels. The prob-
lem of improving the method of calculating the index
requires further work. Urban centers contain urban
functions that serve the city as a whole. Therefore, tra-
ditional urban centers have a high density of buildings
and population. This density increases towards the city
center and decreases towards the periphery. However,
city centers have frequently contained connections and
nodes designed with human scale in the past. Due to
this road network and urban morphology, the road pat-
terns are connected at short intervals.

Due to vehicular traffic frequently slowing down and
stopping, the exhaust emissions of fossil fuel-consum-
ing motor vehicles increase due to their stop-and-go
movements. This leads to the release of toxic elements
into the external environment, as technical components
are responsible for enabling vehicles to stop and start
wearing out. These stop-and-go movements also con-
tribute to adverse effects on public health. Moreover,
studies have indicated that such traffic patterns can
indirectly decrease gross national income.

6 Conclusions

In the research area, residential zones with low densities
featured water surfaces, parks, and alternative transpor-
tation systems to fossil fuels, exhibiting lower pollution
risks. In contrast, commercial areas with high motor
vehicle usage presented a higher risk of urban pollution
based on heavy metals and health hazards. Extensive
research has focused on distributing common trace met-
als in street dust, such as Cr, Ni, Cu, Pb, Cd, and Ni. A
total of 66 samples were collected from diverse locations,
including parks, traffic lights, and high-traffic areas.
Strong correlations between Ni and Pb suggest similar
geogenic origins influenced by anthropogenic factors like
traffic, residential, and commercial emissions. Enrich-
ment factor calculations highlight significant enrichment
of Cd and moderate enrichment of Ni and Pb in street
dust, posing a moderate ecological risk due to mean
Ni and Pb contents. The primary contributors to severe
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pollution and ecological risks are Pb and Ni, accounting
for 68% of the total potential ecological risk. Moderate
risks are associated with Cd, while vehicular emissions
in the city center and the usage of brakes and engines
providing stop-and-go movements contribute to the con-
sistently high concentrations of Cd and Pb. Assessment
of the non-carcinogenic human health risk demonstrated
that the ingestion exposure route posed much greater
health risks than inhalation and skin contact. Since the
HI values of the Cr, Ni, Cu, Pb, and Cd were lower than
the safe level (HI<1), the non-carcinogenic health risks
of targeted PTEs in Zabol atmospheric dust were gen-
erally low. Among the Ni, it exhibited the highest can-
cer risk through the inhalation pathway, although it was
still below the safe limit of 10—the carcinogenic risk
related to street dust, considering the quantities of poi-
sonous metals. There is an urgent need for urban man-
agement actions to mitigate the consequences of serious
Pb, Ni, and Cd pollution, as well as the risk of Cr cancer.
In urban areas, a detailed urban air quality control/plan is
needed to assess the situation and select effective strate-
gies to deal with the ecological and human health haz-
ards of dust pollution. The findings provide a reference
for urban management and the protection of residents’
health in similar urban governments surrounding heavily
trafficked streets.

Future research on urban traffic emissions is more
comprehensive than previously, but certain strate-
gies should be followed to ensure sustainable urban
development. Based on the principle of sustainabil-
ity, monocentric-multicentric urban growth models
should be discussed separately. Alternative modes of
transportation and public transport should be stud-
ied. Transportation systems powered by new energy
sources should be targeted for a healthier urban
model. Pedestrian-oriented designs should be pre-
sented to reduce vehicle and pedestrian density in the
city center. Local governments can pursue policies
such as taxation or pricing to limit the entry of vehi-
cles using fossil fuels into the city center.
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