§ sciendo

DOI: 10.2478/cdem-2023-0005 CHEM DIDACT ECOL METRQ023;28(1-2):79-92

Magdalena PENKALA Jan Stefan BIHALOWICZ Wioletta ROGULA-KOZLOWSKA
Patrycja ROGULA-KOPIEE, Barbara KLIK, Joanna BIHALOWICZ
Sylwia LEWICKA?, Tomasz OLSZOWSKI and Grzegorz MAJEWSKI

HEALTH HAZARD RELATED TO FINE ROAD DUST IN POLAND

Abstract: Air pollution emissions from road vehicles majodgntribute to particulate pollution. This poses
significant threats to the environment and humaaitheRoad dust contains various potentially toaliements,
which, when exposed to humans, can lead to seleesses such as asthma, cardiovascular diseasksanacer.
This study assessed adult health risks throughietal ingestion, inhalation, and dermal contasbeiated with
heavy metals (Cr, Cu, Ni, Pb, and Zn) in road dusth a fraction size < 0.1 mm). The analysis cevareas
between sound-absorbing screens (S), in open spattesit screens (F), and at highway/express €Ejswith
different surfaces: asphalt (A) and concrete (@sWs indicate the highest health risk levelsemsociated with

Zn in road dust in S and E areas, indicating iteipiial negative impact on human health. When comgaesults

for all metals, road dust collected from A surfacefght pose a greater health risk than C surfaces.
The carcinogenic risk for Cr and Ni found in roagstcollected from A and C surfaces at points Sarfd E is
medium. The most significant carcinogenic risk (leghigh) is associated with Cr in road dust fronsuxfaces

in the F area, whereas the lowest risk (low-medifonpoth A and C surfaces is linked to Ni exposir¢he S
point. The contributions of Cr and Ni highlight threed to reduce emissions of these elements irs area
surrounding heavily trafficked roads.

Keywords: particulate matter, road dust, abrasion of the saface, exhaust emissions

Introduction

Aspiring to improve quality of life and well-being, growing number of people are
choosing to leave urban environments in favour @remsuburban locations. However,
research on transportation habits suggests thatrémd towards suburbanisation has led to
an unexpected increase in car ownership, a deciegaéblic transportation usage, longer
commute times, and greater distances travelledth&le factors contribute to the rise in
emissions, primarily of VOCs (volatile organic comumds), NQ, CO, PM(particulate
matter), and minor components responsible for phwmical smog [1, 2]. In highly

! Institute of Technical Sciences and Aviation, Statademy of Applied Sciences in Cheim, ul. Pocaztd,
22-100 Chetm, Poland, ORCID: 0009-0002-3579-0957

2 Fire University, ul. J. Stowackiego 52/54, 01-6@farszawa, Poland, ORCID: JSB: 0000-0003-3465-5315,
WRK: 0000-0002-4339-0657, JB: 0000-0002-0347-2448,0000-0002-5071-2255

% Institute of Environmental Engineering, Polish demy of Sciences, ul. M. Skiodowska-Curie 34,
41-819 Zabrze, Poland, ORCID: 0000-0003-0772-2922

“Institute of Environmental Engineering, Warsaw \wmsity of Life Sciences, ul. Nowoursynowska 159,
02-787 Warszawa, Poland, ORCID: BK: 0000-0003-32096, GM: 0000-0002-0122-1409

®Department of Thermal Engineering and Industriahcilties, Opole University of Technology,
ul. S. Mikotajczyka 5, 45-271 Opole, Poland, ORCIDO0-0002-1257-666X

" Corresponding author: t.olszowski@po.edu.pl



8C M. Penkata, J.S. Bihatowicz, W. Rogula-KoztowskaRBgula-Kopiec, B. Klik, J. Bihatowicz, et al.

developed countries belonging to the OECD (Orgaioisgor Economic Cooperation and
Development), motor vehicles are the primary caafsenvironmental pollution, releasing
over 15,000 chemical compounds [3-5].

The emissions produced by vehicles have been foubd more detrimental to human
health than pollutants emitted by industries. Téidue to the fact that automotive pollution
is dispersed at high concentrations and low akisudoften in direct proximity to
individuals [6]. Research indicates that air patintconcentrations in tunnels, multi-level
parking lots, and areas around gas stations caodgeally be 4 to 40 times higher than the
urban average. Furthermore, research conductedriddn, England, has revealed that the
concentration of certain identified air pollutaimside vehicles is several times higher than
that in the surrounding environment. As a resultjidg a specific route in a city can result
in significantly higher levels of carbon monoxidea driver's blood compared to a cyclist
who takes the same route [7].

Air pollutant emissions are consistently monitoradd reports from the European
Environment Agency highlight Europe’s most pressitigquality concerns. These issues
primarily revolve around suspended PM; @nd NQ [8]. Road transport, as the main
factor, contributes to significant emissions of rhl substances, such as N®3 %),
organic-origin chemical substances (50 %), CO (80 PM (10 % - 25 %), and SO
(6.5 %) [7, 9].

Street dust, primarily generated by road traffiaimty originates from tire wear, brake
and clutch components, exhaust emissions, and storr@f vehicle undercarriages and
bodies [10-14]. PM particles, whose formation ospnsion in the air is linked to
mechanical processes during vehicle movement,ypiedly rich in various heavy metals
and organic compounds (some of them are toxic anenpally toxic) [15-20]. A major
contributor of heavy metals in road dust comes ftbm wearing down of road surfaces,
corrosion of metal road structures, and use of romintenance materials. Vehicle
malfunctions, such as fuel and oil leaks, as weikaues with greases and other operational
fluids, can contribute to the release of heavy metalthough to a lesser degree [21].
As Budai and Clement [22] reported, the abrasiowetiicle components and road surfaces
is responsible for 57 % of total Cu and 65 % c&lt@dn emissions from vehicular transport.
Notably, heavy metal pollution is expected to beipalarly high in areas directly adjacent
to busy roads and exit routes [3, 4, 23].

Most of the pollutants emitted from road transpsettle within a distance of up to
50 m from roads [24]. Outside of this area, extagdin both sides of the street, the metal
concentration decreases by approximately 90 %. nenease in Pb content within soil
samples taken from areas situated in close proxitoitheavily traversed roadways has
been observed in the past. Dust particles con@iRin tend to remain suspended in the air
for extended periods and can be transported ovagelodistances. However, rain and
snowfall have the ability to remove lead from themasphere. It is important to
acknowledge that other metallic elements such asCAn Cr, Ni, and V are also prevalent
in addition to Pb. These metals are formed duextmest emissions and dust from tire
abrasion (e.g. ZnO is incorporated into rubber rdurthe vulcanisation process) [25].
Moreover, soil contamination with Cr is linked ts Emission into the atmosphere during
coal combustion and chrome steel production [26].

Studies have demonstrated that the particles peatlbg mechanical processes, such
as the wear of brake linings and road surfacespfiexceedingly small size and have the
capability to deeply penetrate living organisms-B0j. Considering the protection of
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human health and life, it's important to note tR& with an aerodynamic diameter below
2.5 um, referred to as PM2.5 (similarly, we defia®10 or PMO0.1), is considered
a harmful substance present in the air. Besideticlgasize and shape (especially surface
area), the chemical composition of PM can alsocaffeman health, and this composition
primarily relies on the source [31, 32].

Breathing in dusty air for short periods is linkéal conditions such as chronic
obstructive pulmonary disease (COPD), coughingatbiessness, wheezing, asthma,
respiratory illnesses, and higher rates of hodgpétibn. Over the long term, exposure to
dust can lead to chronic asthma, reduced lungifumcand cardiovascular diseases [31, 33,
34]. Furthermore, air pollution contributes to thevelopment of visual impairment, kidney
disease, and disruptions in the hormonal and dentrevous systems, causing growth
retardation and reduced immunity to bacterial itifets. For instance, exposure to Pb
disrupts brain function and can be fatal at highcemtrations. Lung cancer occurs much
more frequently in urban populations than rurabardue to higher air pollution levels in
cities [8]. Additionally, studies conducted in Sweadthrough cohort research have shown
that prolonged exposure to air pollution could leadhe development of diabetes [35].
Furthermore, pollution seems to have various a@véesalth effects early in human life,
such as respiratory, cardiovascular, and psychodbgiisorders, as well as perinatal
complications [36]. These early health problems cétimately result in mortality or
chronic diseases during adulthood [34, 37].

Regrettably, Poland grapples with some of Europm@st polluted air [38-40].
This contributes to declining health among the $Pojpopulation and a rise in healthcare
expenses. Consequently, it is imperative to takeoluée steps to address this
issue. Education plays a pivotal role in increasingireness about the health repercussions
linked to exposure to polluted air and the avadalheans of curbing detrimental
emissions [41, 42].

The objective of this study was to assess the Iheigks for adults associated with the
presence of heavy metals such as Cr, Cu, Ni, A,Zanin road dust. This assessment
includes the potential risks from unintended inigestinhalation through ambient air, and
dermal contact. The analysis focused on dust pestismaller than 0.1 mm [43]. Dust
samples were collected at three control pointsthia space between sound-absorbing
screens, in open areas without screens, and atwhigbxpressway exit points.
Furthermore, the analysis considered a road maintanworker exposed to both asphalt
and concrete surfaces, spending 250 days eachnyelaise proximity to roads. Health risk
assessment relied on the calculated hazard indExand the estimation of cancer risk
(ILCR) by the commonly employed model developed by tH& Bnvironmental Protection
Agency [44, 45].

Materials and methods

Dust samples were collected from sections of higlswand expressways with two
types of surfaces, asphalt and concrete, locat&bliand’s central and southern parts. For
each highway/expressway section, six sampling ioeat were chosen for material
collection. Samples were taken on both the left dgiat sides of the road at three control
points: in the space between sound-absorbing sEi9nin an open space without screens
(F), and at road exits (E).
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The distances between the control points were appedely 5 km. Points were
positioned at relatively the same height on bothléffit and right sides of the chosen road to
collect a representative sample unaffected by windsehicle direction. For the space
between the sound-absorbing screens, measuremans peere selected, covered with
screens on both sides and at a distance approxniaten from the edge of the screen.
The material for analysis was collected manualkir@ a small brush), each time from an
area no less than 2 mz2 into sterile plastic cosetainlin total, samples from 48 points were
analysed. The collection of materials for the stwdys conducted during the summer
months to minimise the influence of de-icing agentsoad dust [29]. The list of roads is
provided in Table 1, while the locations of the sw@&ment points are shown in Figure 1.

Table 1
Locations of selected highways and expresswayslang, with an indication of
a chainage and surface type [29, 46]

Measurement | Road Selected - . Chainage [km]
. ) Description of section — Surface type
point No. sections beginning end
1 Ap | Warszawa-|  Interchange Lowicz - 38595 | 398.10  asphalt
Lodz Interchange Skierniewice
2 s7 Kielce Interchange K|¢Ice Zachodmg © 667 15.11 asphalt
By-Pass Interchange Kielce Jaworznia
Interchange Wroclaw Psie
Wroclaw - Pole/DK A8 and 98/ -
3 S8 Sieradz Interchange Olesnica Zachod 29.22 51.66 asphalt
/DW340/
Lublin - . -
4 S17 — Piaski/Przejscie 0.000 1.04 asphal
Piaski
5 Al Czestochowe Interchange Wozn|k|/D_W789/ " 30534 399.84 concrete
- Katowice Interchange Pyrzowice/S1/
Warszawa - Interchange Wolborz -
6 S8 Piotrkow Interchange Tomaszow 340.30 348.61 concrete
Trybunalski Mazowiecki Poludnie
Krakow - "
7 S7 Widoma Wesola/Widoma/ - Krakow 642.51 657.89 concrete
Sieradz - Interchange Zloczew - Weze
8 S8 Wroclaw Sieradz Poludnie 148.67 168.59 concrete

The collected samples underwent granulometric aislysing a mechanical sieve
shaker, resulting in seven material fractions: 19 A2 mm, 2 mm -1 mm, 1 mm - 0.5 mm,
0.5 mm - 0.25 mm, 0.25 mm - 0.1 mm, 0.1 mm - 0.668, and < 0.063 mm. Then, the
fractions consisting of particles smaller than thin were analysed for their elemental
composition using an energy-dispersive X-ray flsoence spectrometer (EDX 7000,
Shimadzu). The X-ray source is a Rh lamp, and #zarbirradiates the sample from below.
The instrument is utilised for analysing the cheah@omposition through X-ray excitation.
It should be noted that the device does not deechents with atomic numbers below 11.
Approximately 15 g of pre-dried material was plagethe sample cup. The sample did not
require crushing before analysis. The instrumentingss were as follows: a 10 mm
collimator, air atmosphere, and a total radiatinposure time of 60 s. The obtained results
were normalised to 100 % (qualitative analysis)e @etection limit for each element using
the applied method was at the level of 0.01 %. &measurements were performed from
each container of unfractured material, and thecegdage results of the elemental
composition were input into MS Excel, where therage was calculated. However, for
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particles with a fraction < 0.1 mm, only one measuent was conducted due to the limited
amount of material for analysis.

Point | WGS84 N| WGS84 E
52.041591 20.03926!
50.90709 20.57356.
51.20087]17.12128.
51.14662] 22.82871
50.45498( 19.05668
51.51245] 19.90165
50.220854 20.01722
51.52686] 18.69322]

Roads

= highway A
expresway

0 75 150 [km]

L S

Fig. 1. Map of Poland with selected measurementtgocations for the study (OpenStreetMap under
the Open Data Commons Open Database License)
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According to the United States Environmental Pridac Agency (US EPA) [47],
probabilistic methods can be applied to estimatdthdnazards associated with exposure to
heavy metals in road traffic through ingestion,ailaition, and skin contact. The Average
Daily Dose ADD) for three exposure pathways can be calculatedgutie following
formulas [23, 48]:

C-IngR-EF-ED

ADDingest = BW - AT 107° (D)
ADD _ C-InhR-EF -ED @)
inhal = PEF - BW - AT
C-SA-AF -ABS -EF - ED i
ADDgermar = BW - AT -10 3)

where ADDingest;, ADDinnai, ADDgerma represent average daily dose of exposure to heavy
metals [mg-kg™ - day”] through ingestion, inhalation, and dermal contaespectively;
C is an average metal content in dust [mg *]k@ther parameter values are presented in
Table 2.

The assessment of health risk, a metric assessimgh exposure to toxic substances,
was determined through the Hazard Quotidi®) calculation method as described by
Swietlik et al. [10] and Liu et al. [48] using thellowing formula:
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1o _ ADD: .
Qi_RfD 4)

whereHQ; represents the Hazard Quotient for exposure pathiagestion, inhalation, or
dermal absorption)ADD; is the average daily dose for each exposure pathavelRfD is
the reference dose. Specific values for each heetgl are outlined in Table 3.

Table 2
Parameters for assessing health hazards of heawjsnreroad dust [10, 48]
Parameter Description Unit Value for an adult Refeence
EF Exposure frequency day- year® 350 [49, 50]
ED Exposure duration year 24 [51]
SA Exposed skin area ém 5700 [51]
AF Skin adherence factor mg- cn? 0.07 [51]
ABS Skin absorption factor - 0.001 [49]
PEF Particle emission factor m® - kg? 1.36 - 10° [49]
BW Average body weight kg 70 [44]
AT Averaging time day — [52]
IngR Ingestion rate mg- day” 100 [51]
InhR Inhalation rate m®- day® 20 [53]
Table 3

Reference dos&fD for different exposure pathways of heavy metat$the slope factors for carcinogenic toxic
elements through various exposure routes

Parameter Exposre Cr Ni Cu Zn Cd Pb Ref.
N pathway

[ 3.00 2.00 4.00 3.00 1.00 3.50

S § RiDinges 1073 1072 1072 107! 1073 “10-2 | [54.59]
(0]

Sn ¢ 2.86 2.06 4.00 3.00 1.00 3.52

oE 2 RiDiva -1075 -1072 -1072 -107? 1073 1073 B

3 2| rp 6.00 5.40 1.20 6.00 1.00 5.25 ~

x = derme -1075 -1073 -1072 -1072 -1075 1074

. o 5.01 1.70 8.50

% \%0 SFingest .10-1 .10° - - - 1073 [50, 56]
(o]

£ e 4.20 9.01 1.50 4.20

2t z SFina -10! -107! - - -10! -1072 [57]
=] :

& | Fem 2.00 4.25 - - - 80, | 151, 58]

RfDingest; RfDirnat, RfDermar represent the reference doses of heavy metalsiaffestion, inhalation, and dermal
contact, respectively, wWhil8Finges, SFinna, SFeemar iS the slope factors of the elements after ingastinhalation
and dermal contact, respectively. Based on Liu. ¢48]

In situations where the Hazard Quotigrt)) value is below 1, it is considered that the
exposure does not pose a significant health riskwéver, whenHQ exceeds 1, it is
assumed that there is a significant risk of advdrsalth effects [59]. A more detailed
classification of health risks has been providedhyet al. [60], as presented in Table 4.

The cumulative effect resulting from exposure tmxc substance, referred to as the
Hazard IndexHll), was calculated by summing th) values calculated for each exposure
route (ingestion, inhalation or dermal contact), [48]:

HI = ZHQ, (5)
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whereHQ; represents the Hazard Quotient for exposure ro(geg., ingestion, inhalation,
or dermal absorption).

Table 4
Classification of risk into carcinogenic and nomeiraogenic [48]
Type of risk Range Risk degree
<0.5 No risk
Non-carcinogenic 0.5-1 Low risk
>1 High risk
<10°° Extremely low risk
107°-107° Low risk
1075-5-1075 Low-medium risk
Carcinogenic 5-1075-10~* Medium risk
107*-5-10"* Medium-high risk
5-107*-1073 High risk
> 1073 Extremely high risk

When it comes to health risks associated with oaggnic heavy metals, the
Incremental Lifetime Cancer RiskLCR) is calculated as the additional probability of
developing cancer throughout a person’s lifetime da prolonged exposure to these
carcinogenic heavy metals [51]. To assess the geedaily dose of cancer risk over
a lifetime, a weighted arithmetic mean of each expe route is applied for elements
exhibiting carcinogenic risks, such as Cd, Pb,ad Ni. The formula for calculating the
risk of developing cancer over a lifetime is asddaks:

ILCR = SFingest ! ADDingest + SFinnat * ADDinnar + SFaermar * ADDgermar (6)

Generally, it is accepted that risk management oreasshould be formulated when
ILCR values fall within the range [61]. To further irstigiate the level of risk for each
heavy metal, a scale for assessing carcinogerionés adopted [48, 62]. Generally, risk
management strategies are formulated whebR values exceed 16 [61]. For a more
detailed examination of the risk level associatdth wach heavy metal, a standardised
seven-level scale for assessing carcinogenic Tiaklé 4) has been employed, based on Li
et al. [55] and Liu et al. [48].

Results and discussion

In this study, the mass fraction of Cr, Cu, Ni, Rimd Zn in road dust for eight
measurement points at three control points: insiece between sound-absorbing screens
(S), in an open space without screens (F), at exétd (E) were determined. The data was
collected from dust samples with a particle sizéess than 0.1 mm at each measurement
point (1-8) on both sides of the road. The colldctiata were then averaged for each
element and surface type (asphalt/concrete), a&pted in Table 5.

Health risk assessment based ddl risk index calculations

According to standard health risk criteria, whee Hi is less than 1, exposure is
considered not to pose a significant health riskwelver, when exceeds 1, there is
considered to be a significant risk of adversethegdifects [59]. As shown in Figure 2, the
health risk for Zn is greater than 1 in two ardasthe E area from an asphalt road and for
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S space with a concrete surface. In the case d&GrNi, and Pb, the health risk in all areas
(S, F, E) is less than 1 and can be ranked in dsitrg order as follows: Cr > Pb > Cu > Ni.
Therefore, these elements present in road duseated from two types of surfaces
(asphalt/concrete) do not pose a health risk teleeat control points S, F, and E.

Table 5
Mass fraction of elements identified in road dughwa particle size of less than 0.1 mm at eighasneement
points divided into three control points (S, F, E)

Point 1 2 3 4 5 6 7 8 .
Road A2 S7 S8 S17 Al S8 s7 S8 3
= S
%] %)
[+ N
s | £ 3 3 | g
N N T < © S = 2
kS a 3 = S 2 g € g g s
o T T I - S - - - B A =
Selected | g @ . a S g £ 2 = s 38
section g 3 _‘_% % z % 'ng_ g N z k]
3 g 8 ! <} ' X g g
= s | - 50 ¢ 2| @ E
N © >
o N g
(%]
5 ©
; (]
2
Surface
Asphalt Concrete
type P
Elﬁ,;:]em Soundproof screens (S)
Cr 0.157 <dl 0.121] 0.079 0.119 0.082 0.152 0.049 0.100.09 | 0.102
Cu 0.231| 0.082 0.195 0.120 0.157 0.086 0.190 0.p83 600|1 0.13 0.143
Ni <dl <dl <dI <dl <dl <dl <dl <dl <dl <dI <dl
Pb 0.065 <dl 0.095 <dl 0.08 <dl 0.11p <d <d 0.119 09B
zZn 0.723 | 0.126| 0.760 0.660 0.567 0.126 3.324 0.140 221|71.328| 0.947|
Element
%] Free space (F)
Cr 0.116 | 0.083] 0.141 0.08Y 0.107 <dl 0.121 0.052 0.1ZB099 | 0.103
Cu 0.203 | 0.095| 0.159 0.104 0.14 0.082 0.192 0.087 30{1®.131| 0.136
Ni 0.035 <dl 0.044 <dl 0.039 <dl <dl <dl 0.055 0.055 .045
Pb <dl 0.046| 0.091 <dl 0.064 <dl 0.086 <d 0.086 0.08®.077
zZn 1.012| 0.360] 0.970 0.315 0.664 0.129 0.62 0.172 910{90.488| 0.576
EIF,;:]em Exit from the road (E)
Cr 0.112 | 0.058| 0.166 0.075 0.103 0.067 0.134 0.p36 270/10.091| 0.097|
Cu 0.220| 0.083| 0.261 0.102 0.16 0.086 0.146 0.p85 910{20.152| 0.159
Ni <dl <dl 0.061 <dl 0.061] <dl <dl <dI <dl <dl 0.06[L
Pb 0.077 <dl 0.099 <dl 0.0849 <dI 0.076 <d 0.095 0.08%.087
Zn 1.056 | 0.130| 1.38§ 0.356 0.732 0.111 0.842 0.134 641|60.687| 0.710

< dl denotes detection limit which is 0.01 %

Analysing the data in Figure 2 for Cr, Cu, Ni, Rimd Zn present in dust from both
types of surfaces (asphalt/concrete) at three abptiints (S, F, E), it was noted that in
most cases, the highest health risks were obtdioedE area from the asphalt surface
(except for Zn), and the lowest for F area witlobaarete surface. For Cr and Cu, the health
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risk at each control point (S, F, E) was higher tlee asphalt surface than for concrete.
Health risk for Ni in road dust only occurred foeas F and E with an asphalt surface. It is
worth noting that the results obtained for areatbibth types of surfaces are very similar
to each other. In the case of Pb, health risk aconly for dust from asphalt surfaces and is
significantly higher for the E area than for ar8asr F.

a) b)
0.20 ’ 0.03 |
_ 0.15 0.0
Ry N I
0.10
0.01
0.05
0.00 - - 0.00{ - —
asphalt concrete asphalt concrete
surface surface
c) d)
0.010 ° T o
B ° 0.100] |
0.008 N ° .
. 0.075
_ 0.006 ° - ° .
I ° I
0.004 0050 .
0.002 0.025
asphalt concrete asphalt concrete
surface surface
e)
5 control point
4 I S
Bl F
=3 Bl E
I
2
1 °
0
asphalt concrete
surface

Fig. 2. Health risk assessment based on the hamded, HI for: a) Cr, b) Cu, c) Ni, d) Pb, and €) Zn in
road dust using box plots for various study aredth w-scale individual for each element.
The outlier points, i.e., further than one and ladér quartile range from box boundaries, are
denoted with circles
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Health risk assessment based di.CR cancer risk

The study assessed the risk of developing cancetallong-term exposure to Cr and
Ni (known carcinogens) as well as Pb (a potentatioogen). According to slope factors
for carcinogenic elements, Cr, Ni, and Pb are aatat with exposure through ingestion,
inhalation, and dermal contact, whereas other wagenic metals primarily involve
inhalation as the exposure route [6R]CR represents the probability of developing cancer
due to lifelong exposure to carcinogenic factoras@&l on US EPA recommendations,
ILCR < 10° signifies a negligible risk of cancdt,CR > 10 indicates a high cancer risk,
andILCR values between IDand 10° represent a tolerated cancer risk [63]. As shawn i
Figure 3, the carcinogenic risk for Cr and Ni isvé than 10° but within an acceptable
range, whereas the carcinogenic risk for Pb is totian 10° thus can be considered
negligible and should not be a cause for concern.

a) b)
0.0003 — .
o - 0.0004 o
0.0002{ pub 0.0003 o
& %4
9 O
= < 0.0002
0.0001 -
0.0001
0.00001 —+ - 0.00001 -
c)
0.000003 T ° control point
° e I S
] ° B F
« 0.0000027 - o E
U o
=
0.000001
0.000000
asphalt concrete
surface

Fig. 3. Carcinogenic risk assessment based onnrer&al Lifetime Cancer Riskl.CR for: a) Cr, b) Ni,
and c) Pb in road dust using box plots for varietigly areas witty-scale individual for each
element. The outlier points, i.e., further than camed half inter quartile range from box
boundaries, are denoted with circles

To provide a more detailed examination of the eargenic risk for Cr and Ni present
in road dust collected from asphalt and concretéases at three control points (S, F, E),
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a standard 7-level assessment of carcinogenicwék employed (Table 4). According to
this assessment, the harm to the human body iregaesith higher values of carcinogenic
risk.

As indicated in Figure 3, the carcinogenic riskiltited to Cr exhibits a medium level
on concrete surfaces across all control points=(S), as well as on asphalt surfaces at
locations S and E, ranging from 807 to 10*. However, for asphalt surfaces at F area, the
risk ranges from 18 to 5- 10°*, which is considered medium-high. The risk of esyre to
Ni is medium for points F and E for both types oiffaces. Meanwhile, for S areas on both,
asphalt and concrete surfaces, the risk falls withe range of 18 to 5- 107, indicate
low-medium.

Conclusion

The highest levels of health risk were obtainedZomresent in road dust, particularly
in specific areas (S and E), which can have a hegahpact on human health. Comparing
the results obtained for Cr, Cu, Ni, Pb, and Zmppears that dust collected from asphalt
surfaces may pose a greater health risk than tbat toncrete surfaces. Furthermore,
analysing the results in terms of control points S E), it can be concluded that the
greatest health risk to humans comes from dust ateas from highways/expressway,
while the lowest risk is associated with dust aube from F areas. Therefore, in the face
of potential threats, relevant authorities shoulty loser attention and take action to
monitor Cr concentrations in road dust. Moreovdre tisks associated with human
exposure to Pb and Cd should not be ignored. WhileNi, and Zn have a comparatively
lower detrimental effect on human health, it rersa@issential to monitor the presence of
these elements in road dust.

The carcinogenic risk for Cr and Ni present in raact collected from asphalt and
concrete surfaces at specific control points (S,EF,is moderate. The highest risk
(medium-high) is observed for Cr present in roast dwllected from asphalt surfaces for F
areas, while the lowest risk (medium-low)) is forf N S for both types of surfaces.
Lifetime Incremental Cancer RisK,CR values are mainly driven by Cr and Ni; therefore,
efforts should be made to reduce emissions of tlsments in areas near heavily
trafficked roadways. Similar observations of caogienic risk, primarily from Cr due to
exposure to road dust, have been noted in Chindralial [48, 56].

The issue of assessing human health exposureingsfitm heavy metal pollution in
street dust is still relatively unexplored and rieggi careful analysis. Although the scope of
this study and the applied methodology are not haveglobal literature, it should be
emphasised that research in this area has beenliwgtgd in Poland. Nonetheless, in
Poland, this issue is significant due to the cdesity reported high levels of PM
concentrations in the atmosphere.
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