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Abstract

The current study aimed to consider oxidative potential (OP), its spatial distribution, and correlations with heavy met-
als (HMs) in street dust in Kerman city, Iran. The concentration of HMs in 35 street dust samples was detected by ICP-
AES. The OP in samples was measured through dithiothreitol (DTT). The mean concentration of elements followed
Zn>Cu>Pb>Cr> As>Cd. The OP value was found to be 7.17 +2.98 nmol/min. pg dust in the current study. A strong
correlation was observed among the concentrations of As and Cr and OP values in dust samples. More values of OP were
observed in the center and west of the Kerman city. According to results of the current study, it could be concluded that OP
can be applied as metrics of pollution originated from different sources and human health effects. The amount of OP in the

street dust in the Kerman city can be reduced through the use of clean fuels.
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Introduction

Street dust is considered as the contaminated medium that
originated from the natural and anthropogenic sources
included soil and sand, traffic and vehicle transforma-
tion, deposition of atmospheric particles, construction
or industrial activities, and mining (Al-Khashman 2004,
Wang et al. 2021). Components of street dust include a
wide range of pollutants, for instance, pesticides, poly-
cyclic aromatic hydrocarbons (PAHs), microplastics, and
heavy metals (Konstantinova et al. 2020, Nematollahi et al.
2020, Patchaiyappan et al. 2021). However, the highest
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attention has concentrated on the potentially toxic elements
(PTEs), especially for heavy metals such as Hg, Ni, Cu,
Pb, Cd, Zn, Cd, Cr, As, V, and Mn (Santo Signorelli et al.
2019, Moradi et al. 2020). The source of the street dusts
can affect their composition. In urban dust, Ca, V, and Mg
had more concentrations with respect to the background
soil (Cesari et al. 2012). There are recommendations for
the maximum permissible values of some heavy metals
in air and soil, but did not define for street dust (Aguilera
et al. 2021). The well-known characteristics of PTEs in the
street dust as well as airborne particulate matter are non-
degradability and accumulation in fatty tissues and other
human organs and possibility of resuspension (Mohammadi
et al. 2019; Dytlow and Goérka-Kostrubiec 2020, Osorio-
Martinez et al. 2021). Exposure to the PTEs may cause
several unfavorable health effects such as cardiovascular
(Khaniabadi et al. 2017), respiratory, and neurodegenera-
tive diseases (Islam 2017; Singh et al. 2019). The oxidative
stress related to PTEs exposure can result to the production
of reactive oxygen species (ROS) within the target cells
(Jantzen et al. 2018). The oxidative potential (OP) has been
known as the intrinsic measure of the capability of PTEs
to oxidize goal molecules and ROS production. Genera-
tion of ROS is considered as one of the key mechanisms
by which particulate matter (PM) contains various pol-
lutants such as PTEs can cause adverse biological effects
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leading to oxidative stress responses and several chronic
and acute systemic inflammations. Oxidative stress in bio-
logical systems has been contributed to the cell damages
due to the genotoxicity and cytotoxic mechanisms (Mas-
simi et al. 2020). Acellular OP assays can estimate the PM
ability to oxidize target molecules (Manigrasso et al. 2020).
OP was measured in the previous studies, mainly in the
airborne PM and limitedly in the street dust samples. In
Lecce (Southern Italy), OP relationship investigated with
ecotoxicological and cytotoxicological possible of PM,.
Their finding indicated that toxicity bioassays dependent to
time and dose. Also, statistically significant correlation was
found between OP and PM,, concentration (Lionetto et al.
2019). Cesari et al. analyzed ions, metals, carbonaceous
components, and OP activity with the DTT (dithiotreitol)
assay in PM, 5 samples in an industrial suburban site in
south Italy. Source apportionment showed that OP normal-
ized in volume (DTTy) was related to the carbonaceous
components, NO;~ and Ca®*. These components indicated
that the OP activity may associate to the release of PM
from combustion and crustal (Cesari et al. 2019). In a study
in London, UK, from 2002 to 2006, OP of PM,, measures
and spatiotemporal trend predicted using land-use regres-
sion model. Results proposed that PM, released from traf-
fic, specially brake and tire wear, lead a higher OP than that
from other emissions in 50 — 100 m of roadways (Yanosky
et al. 2012). Pant et al. analyzed the chemical composition
of road dust samples (PM,, and bulk road dust) and OP
in the samples from highway and road tunnel sites in Bir-
mingham, UK, and heavily trafficked site in New Delhi of
India. In this study, Cu reported as highlight PTEs related
OP (Pant et al. 2015). In Salento’s peninsula, in the Central
Mediterranean in Italy, OP of PM,, measured and assessed
relation between chemical composition and meteorologi-
cal parameters with OP. It reported strong correlation OP
with Ba, Ce, Cr, Cu, Fe, and Mn in autumn—winter and also
good correlation between OP with Cu, Mn, P, and Pb in
summer and spring. The sources of PTEs emissions men-
tioned traffic, combustion emissions, secondary aerosols,
and re-suspended soil (Pietrogrande et al. 2018). Chemical
composition and OP in PM,, assessed in dust storm and
common days in Tehran, a populated city in Middle East.
The highest amount of OP is reported on non-dusty days.
Also, OP was significantly related to Cu, Ba, Cd, Mn, Ni,
V, and Fe (Rezaei et al. 2018). Kerman city as metropolis
has numerous streets and mining industries. Also, there is
natural dust storm named 120-day wind Sistan yearly in
this urban area (Malakootian et al. 2021). The main aim of
this study was to (1) determine OP values in the street dust
as new metrics of environmental pollution through acellu-
lar experiments; (2) investigate correlation between chemi-
cal composition of the street dusts and OP values; and (3)
compare OP contents and risk related to the exposure to the
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PTEs in street dust done in the previous study for the first
time in Kerman city.

Materials and methods
Study area

Study area was Kerman city (30° 28' N, 57° 08" E) (Fig. 1)
situated in the southeast of Iran and the capital of Kerman
province with the population of 738 000 people (Statisti-
cal, Center et al. 2016). It is located 1756 m above sea
level. The mean temperature in Kerman city is — 8 °C and
37 °C in winter and summer, respectively.

Dust sampling

Thirty five dust samples included 200 to 250 g, composed
of three subsamples, were collected from a 0.5 square
meter in the different points (see Fig. 1) by a brush and
plastic dustpan (Abbasi et al. 2020, Naraki et al. 2021)
from the streets or pavement edges in September of 2020.
Samples were stored in the clear polyethylene bags. They
were transported to the laboratory and analyzed. A non-
industrial area was selected as the background point.

Chemical analyses

Chemical analysis on the samples for measuring elements
was described in the previous study in detail (Malakootian
et al. 2021). The street dust samples were dried at room
temperature and mechanically sieved through a 75-um
nylon mesh. Mass of particles were measured after siev-
ing through a 75-um nylon mesh. Analyses were restricted
to 75-um fine particles. Pre-digestion was done for 2 h
at 50 °C by ratio of 9:3:1 of HNO3 70%, HC1 70%, and
HF 40%. After that, digested samples were mineralized in
170 °C during 4 h in the Teflon high-pressure digestion
vials (Applied Plastics Technology, Inc., Bristol, USA).
Then, 2 mL H,0, 30% and 3 mL concentrated HNO; were
added to the cooled mineralized samples, and then they
were diluted to 50 mL by Milli-Q water. Samples were
filtered by a microporous membrane with the pore size
of 0.45 um into a PET bottle. The concentration of HMs
included As, Cd, Cr, Copper (Cu), Pb, and Zinc (Zn) in the
street dust samples which were measured using the induc-
tively coupled plasma equipped atomic emission spec-
trometry detector (ICP-AES, Model: Arcos, Germany),
according to the USEPA methodologies (Malakootian
et al. 2021).
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Fig.1 Study area map and
sampling points
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Oxidation potential analysis

Extraction of the 75-um fine particles was done using
methanol. Extracted samples were sonicated in a water bath
ultrasonic (Elmasonic) at 130 kHz for 30 min (Naraki et al.
2021). They then passed through PTFE filters (Jet Bio-
fil—0.22 pm). OP in the samples was measured through
acellular dithiothreitol (DTT) assay that described in the
study by Lin et al., Ma et al., and Rezaei et al. (Lin and Yu
2011; Ma et al. 2018, Rezaei et al. 2018). All used chemi-
cals included potassium phosphate buffer (0.1 M) at pH 7.5
treated with Chelex 100 resin, DTT, trichloroacetic (TCA),
5,5'-dithiobis(2-nitrobenzoic acid) (DTNB), and Tris base
were obtained from Merck Company (Darmstadt, Germany).
The absorption value was measured through the UV-VIS
spectrophotometer (Shimadzu, UV-2550) at a wavelength of
412 nm and plotted versus time. The consumption of DTT
(nmol/min) was calculated using Eq. (1):

nDTT
So

DTT = Abs «

ey

where:

Abs = Slope of curve absorbance versus time

Ny =Number of DTT initial moles (nmol)

Abs,=Intercept of curve absorbance versus time

The DTT consumption was converted to DTT activity
representative of OP value (nmol/min.pg dust) through

Eq. (2):

DrT = DTT 41
Mass of Street Dust, ug

sample

DTT activity = @)

Data quality assurance and quality control (QA/QC)

Quality assurance (QA) and quality control (QC) were pro-
vided through triplicate samples, blank and spike samples,
and certified reference materials. The recovery efficiency
was obtained to be 87-95%. The limit of detection (LOD)
was obtained to be three times of standard deviation of blank
sample values. The amounts of LOD were obtained to be
0.5,0.10, 1, 1, 1, and 1 mg/kg for As, Cd, Cr, Cu, Pb, and
Zn and 0.05 nmol/min for OP.

Statistical analysis

The data were analyzed by descriptive statistics and reported
as mean + standard deviation. Data normality was investi-
gated by Fligner test. Mean of concentrations was compared
through analysis of variance (ANOVA) test. Pearson’s cor-
relation coefficient was used to assess correlation between
HMs concentration and OP values. Statistical analyses were
done in R software version 4.0.5. A p value less than 0.05
was considered as the significant level. Spatial variations
of the OP values was demonstrated through ArcGIS 10.1.
Independent raster layers for OP were made by the interpola-
tion method of Kriging.
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Results and discussion

Value of HMs

Box plot of HM concentrations in street dust (mg/
kg) is shown in Fig. 2. According to the study results,
mean concentrations of elements followed the order of
Zn>Cu>Pb>Cr> As> Cd. Background concentration of
the HMs studied in the current study was found to be 12.10,
0.33,35.90, 15.85, 16.40, and 60 mg/kg for As, Cd, Cr, Cu,
Pb, and Zn, respectively. So, the mean concentration of Cu,
Pb, and Zn was approximately estimated to be 5, 3, and 3
times more than their background concentration, respec-
tively. Source and spatial distribution of the elements were
discussed in the previous study (Malakootian et al. 2021).
The mean concentration of As was equal to its value in the
background soil. As value in the street dust samples in Teh-
ran, the capital of Iran, was reported about 6 mg/kg (Taghavi
et al. 2019). The sources of As could be associated to the
natural sources, particularly from deserts and agricultural or
industrial activities (Atapour 2015). The mean concentration
of Cd was similar to its value in the background sampling
point (0.34 mg/kg). Cr had the maximum content of 35 mg/
kg equal to its value in the background soil. It was reported
the mean concentration of Cr equal to 36.9 mg/kg in topsoil
around Kerman in the study by Atapour (Atapour 2015). The
maximum concentration of Cu (148 mg/kg) in the western
part of Kerman could be associated to the copper industry
situated in this section. The mean concentration of Pb in the
samples was found to be 46 mg/kg. The highest value of Pb
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Fig.2 Box plot of HM concentrations in street dust (mg/kg)
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(148 mg/kg) was obtained in the sampling points located in
the central streets due to the high traffic and the low velocity
of local winds in this section of Kerman city. The highest
value of Zn (243 mg/kg) were reported in the city center
with the high traffic. Also, sampling points close to gaso-
line stations had the more Zn concentrations. Similar results
were found in the study of Hamzeh et al. about the urban
soil and street dust in Tehran and Kerman (Hamzeh et al.
2011). The releases of Zn may be related to the tire friction
(Taghavi et al. 2019), gasoline stations, and processing cent-
ers of vehicle battery (Safiur Rahman et al. 2019).

Natural sources such as local soil, traffic, and industrial
activities especially mining could be considered as the key
origins of HMs in the studied street dusts samples. Also, the
120-day wind Sistan is considered as another natural source
that it is a strong summer wind occurring from late May to
late September in the east and southeast of the Iran, particu-
larly the Sistan Basin. It often accompanied by sand and dust
storms (Malakootian et al. 2021).

Oxidative potential values

Descriptive analysis of OP value (nmol/min.pg dust) in
street dust samples is reported in Table 1. The amount of
OP was 7.17 +2.98 nmol/min.ug dust in the current study.
Minimum and maximum of OP values were found to be
1.20 and 11.60 nmol/min.pg dust. Pant et al. examined the
OP of road dust in the samples collected from high traffic
locations in Birmingham, UK. They were found the higher
OP for the bulk street dust compared to its PM;, component.
Maximum depletion per pg particles was found 0.14% for
bulk road dust in terms of OP associated with glutathione
depletion (OPggpy) (Pant et al. 2015). In the study by Chirizzi
et al. on the effect of carbon content existed in the Saharan
dust on oxidative potential of water-soluble fractions of PM
» 5 and PM,, through DTT assay, DTT activity of PM , 5
was more than PM,, (Chirizzi et al. 2017). In the charac-
terization and comparison of water-soluble PM , 5 oxidative
potential assessed by DTT assay by Gao et al., OP content
was correlated to the some water-soluble metals including Fe
and Cu, organic compounds, and antagonistic metal-organic
and metal-metal interactions (Gao et al. 2020).

Table 1 Descriptive analysis of
oxidative potential value (nmol/
min.ug dust) in the investigated Min 1.20
street dust samples

OP value (nmol/min.pg dust)

1st quartile 5.00
Median 7.40
Mean 7.17
Standard deviation 2.98
3rd quartile 9.40
Max 11.60
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It is thought chemical component of particles can be
affect its toxicity. Redox active trace metals (e.g., Cu, Zn, Ni)
and polycyclic aromatic hydrocarbons (PAHs) can gener-
ated ROS, inflammatory responses and stress oxidative (Pant
et al. 2015; Ferrante et al. 2017). In the study by Rezaei et al.
on the physiochemical features and OP of outdoor air par-
ticulate matter in two conditions dust storm days and regular
days in Tehran, the capital of Iran and one of the most pol-
luted cities in the world, OP values measured through DTT
were, respectively, reported to be 12.8 +6.38, 12.3+3.21,
and 27.6 +5.31 nmol/min.ug PM,, in dusty, inversion, and
regular days in urban areas (Rezaei et al. 2018). It could be
declared that the particles (street dust or airborne) in more
polluted cities may be have more OP values due to presence
of the compounds that are redox active.

Correlation of HMs and oxidative potential values

Correlation coefficients between oxidative potential values
and studied HMs in street dust samples are reported in
Fig. 3. These results were shown a strong significant cor-
relation between As (r=0.59) and Cr (r=0.42). Numer-
ous studies have reported a significant correlation between
OP and the concentration of transition metals in ambient
particulate samples, including Fe (Kelly et al. 2011), Fe,
Cu (Yang et al. 2014), and Fe, Pb (Godri et al. 2010). In
the study by Pant et al., no significant relationships were
observed between elements and OPgqyy for either PM,,

Pb

Fig.3 Correlation coefficients between oxidative potential values and
studied HMs in street dust samples

or bulk street dust. It was shown the strong correlation
between Cu and Mn and the moderate correlation among
Ba, Cd, Ba, Ni, V, Fe, and OP in airborne particulate
matters in the study by Rezaei et al. (Rezaei et al. 2018).
As we mentioned, elements of As and Cr had more cor-
relation coefficient with OP values in the current study
(Malakootian et al. 2021). We assessed human health risk
associated to the HMs existed in the street dust samples in
Kerman city in the previous study. In comparison between
health risk related to the HMs and their correlation with
OP value, it can be concluded that As and Cr had a more
non-carcinogenic (HQ, hazard quotient) and carcinogenic
risk (ELCR, excess lifetime cancer risk) from the main
route, i.e., ingestion rout. HQ;,, was found to be 0.1 and
0.026 for As and Cr, respectively. ELCRing was obtained
4.71x 107 and 3.87 x 107 for As and Cr, respectively,
that were more than other elements. Therefore, results
from acellular chemical experiments in the OP study and
from risk assessment model were compatible with each
other. Consistent with this result, OP can be used as the
appropriate index to examine the pollution status and
human risk in different areas.

Spatial trend of oxidative potential values

According to the spatial trend of OP in the studied area
in Fig. 4, it can be stated that more OP was observed in
the center and western part of Kerman city. As discussed
on the correlation between HM concentration and OP, a
strong significant correlation was observed between As
and Cr. So, we must explore the sources of As and Cr in
the center and west of the city to attenuate OP values in
the street dust in the Kerman city. In the present study, a
part of As could be released from natural sources, mainly
in the west of city that it has been exposed to dust storms.
The sources of As in the center of the Kerman city could
be related to both natural sources (local soil and 120-day
wind Sistan) and anthropogenic sources such as vehicle
traffic (Malakootian et al. 2021). Numerous studies con-
firmed that releases of motor vehicles can be the main
origins of Cr in street dust in the urbans (Lu et al. 2017;
Shi and Lu 2018). Also, mining activities may be consid-
ered as the key sources of Cr in the street dust samples in
the current study. In our previous study, street dust sam-
ples related to the western part of Kerman had the poten-
tial ecological risk (PER) values more than other parts.
Also, dust samples collected from the center of Kerman
indicated maximum non-carcinogenic risk (Malakootian
et al. 2021). The high level of pollution in the western and
center part of Kerman city could be due to the develop-
ment of city and heavily loaded streets in these areas.
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Fig.4 Spatial trend of oxidative
potential values in the studied
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Conclusion

The aim of the present study was to explore OP, its spatial
variations, and correlation with HMs in the street dust in
Kerman city, Iran. As mentioned, a strong correlation was
observed between As and Cr and OP content in dust sam-
ples. Also, both As and Cr had a more human health risk
(non-carcinogenic and carcinogenic) compared to other HMs
as we investigated in the previous study. Based on the spatial
distribution of OP in the Kerman city, it can be declared
that more values of OP were observed in the center and
west of the Kerman city. Samples from these area indicated
maximum human and ecological risk content. Therefore,
OP could be used as the appropriate index to examine the
pollution status and human and ecological risk in different
areas. The design policies, green actions, and strategies, for
improving the public health and welfare, emphasize that the
connections between planning and actions of urban context
and public health is vital for societies. It is very important to
improve these aspects to avoid a large number of preventable
diseases in urban population.

It must be mentioned that sampling was done in Sep-
tember of 2020 during COVID-19 pandemic that lead to a
reduction of emissions due to restriction policies enforced
by the government. So, results could be affected by this
condition, and less pollution was obtained in the present
study compare to the natural situation. We recommended
this point will be considered in the generalizing the results
to the normal conditions and comparing our results with
future studies.
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