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Abstract: The ability of particulate matter (PM) to induce oxidative stress is frequently estimated
by acellular oxidative potential (OP) assays, such as ascorbic acid (AA) and 1,4-dithiothreitol
(DTT), used as proxy of reactive oxygen species (ROS) generation in biological systems, and
particle-bound ROS measurement, such as 2',7'-dichlorodihydrofluorescein (DCFH) assay. In this
study, we evaluated the spatial and size distribution of OP results obtained by three OP assays
(OPA, OPPCFH and OPPTT), to qualitative identify the relative relevance of single source
contributions in building up OP values and to map the PM potential to induce oxidative stress in
living organisms. To this aim, AA, DCFH and DTT assays were applied to size-segregated PM
samples, collected by low-pressure cascade impactors, and to PMio samples collected at 23
different sampling sites (about 1 km between each other) in Terni, an urban and industrial hot-spot
of Central Italy, by using recently developed high spatial resolution samplers of PM, which worked
in parallel during three monitoring periods (February, April and December 2017). The sampling
sites were chosen for representing the main spatially disaggregated sources of PM (vehicular traffic,
rail network, domestic heating, power plant for waste treatment, steel plant) present in the study
area. The obtained results clearly showed a very different sensitivity of the three assays toward each
local PM source. OPA was particularly sensitive toward coarse particles released from the railway,
OPPCFH was sensible to fine particles released from the steel plant and domestic biomass heating,
and OPPTT was quite selectively sensitive toward the fine fraction of PM released by industrial and

biomass burning sources.

1. Introduction
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Particulate matter (PM) air pollution is one of the major risk factors for human health worldwide
(Anderson et al., 2012; Lubczynska et al., 2017). Various epidemiological studies have spotlighted
strong correlations between exposure to PM and the onset of cardiovascular and respiratory
diseases (Pope and Dockery, 2006). Indeed, over the years, it has been associated to a great number
of adverse outcomes for human health, such as respiratory and cardiovascular diseases, cancer,
diabetes, metabolic disorders, atherosclerosis and neurodegenerative diseases (Strak et al., 2012;
Gupta et al., 2019; @vrevik et al., 2019). Several epidemiological studies have spotlighted strong
correlations between PM exposure and the onset of cardiopulmonary diseases (Brunekreef et al,
2002; Pope et al, 2006). However, most of the studies use PM mass concentration as exposure
indicator, which misestimates the overall impact of PM, since it does not take into account the
multiple toxicological effects of the different pollutants that make up particulate matter. This
limitation can be overcome by identifying possible relationships between PM toxicity and its
specific physic-chemical properties. In fact, during the last few decades, the complex and variable
composition of PM has been widely investigated and many studies have revealed that several PM
properties, such as chemical composition and particle dimension, influence its health and
environmental effects (Ricci and Cirillo, 1985; Hlavay et al., 2001; Kelly et al., 2012).
Nevertheless, not enough evidence that associates each property to specific outcomes has been yet
identified (WHO, 2013).

Nowadays, there is a growing scientific consensus in affirming that generation of reactive oxygen
species (ROS) is one of the major mechanisms by which PM exerts its adverse biological effects (Li
et al., 2015), leading to oxidative stress responses and thus to different chronic and acute systemic
inflammations (Li et al., 2003; Esposito et al., 2014; Pirrino et al., 2017). Indeed, PM ability to
generate oxidative stress in biological systems has been demonstrated to contribute to genotoxicity
and cytotoxic mechanisms responsible for cell damages (Marcoccia et al., 2017; Piacentini et al.,
2019). PM capacity to trigger damaging oxidative reactions and inflammations is defined as
oxidative potential (OP), which is a measure of PM ability to oxidise target molecules, by
generating ROS in acellular environments. Over the last years, OP has been proposed as a
biologically relevant metric for addressing PM exposure (Yang et al., 2016; Simonetti et al., 2018a,
2018b; Gao et al., 2020), since it appeared to be more reliable than PM mass concentration (Delfino
et al., 2011; Gupta et al., 2019). However, the variability in chemical composition of PM and in the
contributions of different sources, reduces the correlation with health outcomes and may thus limit
the potential of OP as a global toxicological indicator.

To date, various acellular assays for the measurement of OP, such ascorbic acid (AA), 1,4-
dithiothreitol (DTT) and 2',7'-dichlorodihydrofluorescein (DCFH), have been used to estimate the
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toxicity of PM released by different emission sources (Bates et al., 2019). Ascorbic acid and 1,4-
dithiothreitol (HSCH>CH(OH)CH(OH)CH.SH) are strong reducing agents; DTT and AA assays
involve the controlled incubation of the anti-oxidant (DTT or AA) in PM aqueous extracts under
controlled conditions and the measurement of its depletion over time (Cho et al., 2005; Stoeger et
al., 2008; Fang et al., 2016; Campbell et al., 2019). The antioxidant loss rate represents the capacity
of PM reactive species to catalyze the transfer of electrons from AA or DTT to oxygen, providing
an estimation of the OP. On the other hand, 2',7'-dichlorodihydrofluorescein assay, formerly
developed for the in-vitro determination of ROS in biological cells (Lebel et al., 1992; Wang and
Joseph, 1999; Halliwell and Whiteman, 2004), is today one of the most used methods for particle-
bound ROS measurement in PM (Venkatachari et al., 2005, 2007). It is based on the oxidation of
DCFH, a non-fluorescent reagent, to DCF, a fluorescent compound, in the presence of ROS and
horseradish peroxidase (HRP), a redox enzyme that primarily reacts with hydrogen peroxide and
organic hydroperoxides. The measured fluorescence intensity is converted into hydrogen peroxide
equivalents, which is used as an indicator of the ROS reactivity (Hung and Wang, 2001; Perrone et
al., 2016). However, each of these methods has been deemed sensible toward PM coming from
different emission sources and characterized by very different physic-chemical properties (Ayres et
al., 2008; Simonetti et al., 2018b; Frezzini et al., 2019; Piacentini et al., 2019). Therefore, none of
the OP assays can be a-priori considered as representative of ROS generation pathways in
biological organisms (Fang et al., 2015).

The knowledge of the relative relevance of the single source contributions in building up OP values
can be of great help for the identification of the emission sources mainly responsible for ROS
generation. Source apportionment of OP results from field campaigns have been attempted in some
studies, but conflicting results were found (Fang et al., 2016; Perrone et al., 2016; Chirizzi et al.,
2017; Calas et al., 2018). Therefore, this study was aimed to improve the knowledge about the
existing relationships between OP values and sources of PM, useful to properly address PM
mitigation measures to protect citizens health. In this study, we describe an innovative experimental
approach, transferable to other monitoring campaigns, for the spatial mapping of OP**, OPP¢FH and
OPPTT, which represents a powerful tool for geo-referenced assessment of PM potential to induce
oxidative stress and harmful effects on human health. This innovative approach, allows to
qualitatively evaluate possible associations between OP values and different sources of PM,
overcoming the use of receptor models, often used to investigate the contribution of sources to
measured OP with different assays (Cesari et al., 2019). To this aim, we applied the AA, DCFH and
DTT assays to the aqueous extracts of PMyo sampled by a recently developed very-low volume

device (Massimi et al., 2017, 2019; Ristorini et al., 2020), in a wide and dense monitoring network
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(23 sampling sites, about 1 km between each other) across Terni (Central Italy). The study area
includes various spatially disaggregated intensive local PM sources (vehicular traffic, rail network,
domestic heating, power plant for waste treatment, steel plant) (Capelli et al., 2011; Guerrini, 2012;
Massimi et al., 2020a, 2020b) and is characterized by peculiar meteorological conditions that
reduce air pollutants transport, thus favoring their accumulation (Ferrero et al., 2012). These factors
have been associated with an increase of morbidity and mortality due to the onset of cardiovascular
and respiratory environment-related diseases, which made this area of national interest for
environmental remediation (SENTIERI-ReNaM, 2016) and particularly suitable for the spatial
mapping of the OP of PM released by different sources. To our knowledge, the comparison of the
three OP assays applied to PMyo spatially-resolved samples has never been undertaken so far.

To obtain a more reliable identification of the sources responsible for OP, the evaluation of the
spatial variability was supported by the study of the size distribution of OP, able to provide
information on the relative relevance of combustive and abrasive-mechanical sources in building up
OP values (Simonetti et al., 2018a; Manigrasso et al., 2020). Furthermore, size distribution analysis
of OP of PM provides information on the penetration capacity of particles responsible for OP in the
respiratory system, thus resulting considerably valuable for the evaluation of exposure to PM and

relative health risk.

2. Materials and Methods

2.1 Study Area

The study area is the city of Terni, of 211.90 km? and of about 112,000 inhabitants (Sgrigna et al.,
2015), located in a basin of the Region Umbria (42° 34°N; 12°39’ E), in Central Italy. The peculiar
geomorphology of the Terni basin, limits air mixing and air pollutants transport, especially during
the frequent winter episodes of atmospheric stability (Morini et al., 2016; Curci et al., 2015; Ferrero
etal., 2012).
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Fig. 1. Map of the 23 sampling sites in the study area (Terni, Central Italy; latitude: 42.5681,
longitude: 12.6508, decimal degrees) with the location of the main local PMio emission sources
(ArcMap 10.3.1, ArcGis Desktop; ESRI, Redlands, CA, USA).

In Fig. 1 are shown the 23 sampling sites that were selected to cover the whole area with around 1
km spatial resolution and to study the contributions of the main local PM1o emission sources. In
detail: Rl and MA sites are located in the West of the city, near the power plant for waste treatment;
Gl, CR and HG are situated in the close proximity to the railway, in the North-West of the city; CZ,
HV, SA, UC, CA and CO are located in the city center, between the rail network and busy roads;
FA and CB, in the South-West of the city, are close to a carpentry and a craftsmanship lab and,
along with PI, PV and LG, are affected by industrial biomass burning, such as the burning of
carpentry waste products; FR, BR and AR, in the North of the city, are situated near townhouses
frequently heated by biomass burning appliances; finally, RO, OB, PR, CP are located around the
steel plant in the East of the city.

The 23 sampling sites (RI, MA, FA, GI, FR, CB, PI, BR, AR, CR, HG, SA, PV, LG, CZ, HV, UC,
CA, CO, RO, OB, PR, CP) have already been studied (Massimi et al., 2017, 2019) and spatial
variability of element concentrations in PMio has been widely evaluated (Massimi et al., 2017,
2020a, 2020b). Spatial maps of elements tracing the main local PM1o sources in Terni have been
obtained (Massimi et al., 2020b); therefore, localization and spatial distribution of the emission

sources in the study area is well known.

2.2 Sampling Equipment
2.2.1 High Spatial Resolution Sampler
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The High spatial resolution sampler (HSRS; FAI Instruments, Fonte Nuova, Rome, Italy) operates
with a very-low flow rate (0.5 L min™), it is self-powered (with a rechargeable battery and a solar
panel), assures long-term (1-2 months) collection of PMo and has very good sampling efficiency
and high repeatability for stable and fine PM1o chemical compounds (Catrambone et al., 2019).

23 HSRS, equipped with 37 mm Polytetrafluoroethylene (PTFE) membrane filters (2 um pore size,
PALL Corporation, Port Washington, NY, USA), were used to collect PM1o samples and worked in
parallel at the 23 sites for three monitoring periods: February (January 21 - February 20", 2017;
30-day sampling), April (April 1% - May 1%, 2017; 31-day sampling) and December (November
25" 2017 - January 15", 2018; 51-day sampling) 2017, allowing the collection of 23 PM1o samples

per monitoring period.

2.2.2 Micro-Orifice Uniform Deposition Impactor

The Micro-orifice uniform deposition impactor (MOUDI; model 110-NR; MSP Corporation,
Shoreview, MN, USA) is a low-pressure cascade impactor (flow rate of 30 L min™) for the
collection of size-segregated PM samples through 10 impaction stages, with cut-size aerodynamic
diameters of 0.18, 0.32, 0.56, 1.0, 1.8, 3.2, 5.6, 10 and 18 pm.

Three MOUDI, equipped with 47 mm PTFE membranes (2 um pore size, PALL Corporation, Port
Washington, NY, USA), were used to collect PM samples with different size fractions and worked
in parallel in the center (CA), West (MA) and East (PR) of the city for 20 days (February 15" -
March 6™, 2018).

Sampling efficiency and repeatability of MOUDI were assessed in Canepari et al., 2019 and in
Simonetti et al., 2018a. The relative repeatability for all the considered variables was found to be
below 10%.

It is worth noting that long-duration samplings carried out by MOUDI may lead to bouncing-off
phenomena that can be responsible for a modification of the original size distribution of
atmospheric particles (Canepari et al., 2019). However, to our knowledge, there are no solid and
recognized methods to correct the data for this artefact; furthermore, PTFE membrane filters are
generally considered as a suitable sampling material able to minimize the bouncing-off (Giorio et
al., 2013).
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Fig. 2. Block diagram of the conducted samples preparation and OP analytical procedures for the
AA, DCFH and DTT assays applied to the PM aqueous extracts.

2.3 Analytical Procedures
PTFE membrane filters were weighed before and after sampling, in order to determine PM mass

concentrations. Mass concentration was determined gravimetrically by using an automated



177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201

202
203
204
205
206
207
208
209

microbalance (1 mg sensitivity, mod. ME5, Sartorius AG, Goettingen, Germany). Membrane filters
were equilibrated for 2 days at 20 °C and 50% RH before and after sampling. Subsequently, PM
field samples were treated by following the procedure detailed in Massimi et al. (2017, 2020a,
2020b). Briefly, after the removal of the supporting polymethylpentene ring from the PTFE
membrane filter, each field filter was extracted in 10 mL of deionized water (produced by Arioso
UP 900 Integrate Water Purification System, USA) by rotating agitation (60 rpm; Rotator; Glas-
Col, USA) for 30 minutes, to avoid ROS generation upon ultrasonic irradiation, commonly used to
efficiently extract the PM from the filters. In fact, ultrasonic waves triggers the formation and
collapse of cavitation bubbles in the solution, inside which high temperatures and pressures can be
reached. These conditions may lead to pyrolysis of the molecules present inside the cavitation
bubbles, which results in the production of free radicals (Mutzel et al., 2013; Khurshid et al., 2014;
Miljevic et al., 2014). After the extraction by rotating agitation, the obtained solution was filtered
through a nitrocellulose filter (NC; pore size 0.45 um; Merck Millipore Ltd., Billerica, MA, USA).
The water-extracted solution was then split in proper aliquots for the different OP analytical
procedures. Conducted samples preparation and OP analytical procedures for the AA, DCFH and
DTT assays applied to the PM aqueous extracts are summarized in the block diagram of Fig. 2.
Further details on the followed AA, DCFH and DTT analytical procedures and used reagents are
reported in supplementary material S1. For the quality control and assurance in AA, DCFH and
DTT measurements (evaluated in Simonetti et al., 2018a, 2018b and in Piacentini et al., 2019),
different tests to assess the repeatability and efficiency of the three OP assays were performed in
our lab on a large amount of PM field filters not stored, stored for 15 days in the fridge, in the
freezer (-20°C) and at constant ambient temperature, and then extracted by ultrasonic irradiation,
rotating agitation (60 rpm) and by using the vortex (2000 rpm). The obtained results showed high
repeatability (10-15 %) of the OP values obtained by applying the three OP assays to the PM field

samples extracted by rotating agitation.

2.4 Spatial Mapping

Spatial mapping of OPA*, OPPCFH and OPPTT was performed by the software ArcMap 10.3.1
(ArcGis Desktop; ESRI, Redlands, CA, USA). The OPAA, OPPFH and OPPTT values obtained at the
23 sampling sites for each monitoring period were interpolated by using the spherical
semivariogram model (Jian et al., 1996) of the ordinary kriging (OK) method (Johnston et al.,
2001), in order to create a continuous surface from the 23 measured sample points and to predict the
values at unmeasured locations (Kumar et al., 2007). OK is one of the most used kriging techniques

for describing data spatial continuity (Gia Pham et al., 2019). The used OK estimator is given by a
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linear combination of the observed values with weights, which are derived from the kriging

equations, using experimental semivariances fitted by a spherical function (Xie et al., 2011).

3. Results and Discussion

3.1 PM1o Mass Concentration

Spatially-resolved data obtained by sampling in parallel at the 23 sites during the three monitoring
periods allowed us to evaluate the spatial variability of PM1o mass concentration in Terni. PM1o
mass concentrations determined in February, April and December 2017 are reported in Table 1.
From Table 1, we can observe that the concentration increased at all the sampling sites in the winter
monitoring periods (February and December). Mean PM1o mass concentration was: 41 + 7 pgm2 in
February, 19 + 5 ug m= in April and 33 = 7 pg m™ in December. This behavior is mostly due to
frequent temperature inversions during the colder season, which lead to severe episodes of
atmospheric stability (Moroni et al., 2013; Curci et al., 2015), and to the major strength of typical
winter sources, such as domestic biomass heating. In fact, in both February and December, high
PM1o mass concentration was recorded at sites located near townhouses heated by biomass burning
appliances (FR, BR and AR).

Table 1. PM1o mass concentration determined at the 23 sampling sites in the three monitoring

periods (February, April and December 2017).

) PMao Mass Concentration (ug m)
Site February April December
RI 52 21 44
MA 38 22 32
FA 33 21 38
Gl 39 15 23
FR 46 12 32
CB 31 23 24
Pl 40 18 34
BR 51 24 48
AR 34 14 36
CR 38 21 32
HG 53 10 35
SA 29 15 22
PV 47 21 34
LG 47 28 36
Ccz 48 15 39
HV 45 16 35
uc 33 20 24
CA 46 20 36
CO 44 20 35
RO 40 16 29
OB 41 21 30
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PR 32 30 26

CP 32 20 24
Mean 41 19 33
SD 7 5 7

3.2 Spatial Mapping of OP

Spatial variability of OPA*, OPPH and OPPTT was evaluated, the OP values obtained at the 23
sites in the three monitoring periods are reported in supplementary material S2. Spatial mapping of
OPAA, OPPCFH and OPPTT allowed us to assess spatial relationships between the three OP assays
and local emission sources of PM.

From Fig. 3, we can observe that high OP** values were recorded at sites close to the railway. In
particular, the highest OPA* values were found at the sites located near the rail station (GI, CR and
HG), where trains brake entering the residential area of the city, releasing the highest amount of
dust by abrasion of rolling stock (Massimi et al., 2020b). Therefore, AA assay seems to be
particularly sensitive toward particles released from the rail network by mechanical abrasion of
train brakes. This source releases particles rich in some transition metals, such as Cu, Fe and Mn
(Abbasi et al., 2012; Querol et al., 2012; Kam et al., 2013; Namgung et al., 2016). In various
studies, OP* was found to be sensitive to transition metals (Vidrio et al., 2008; Charrier and
Anastasio, 2011; Simonetti et al., 2018b; Piacentini et al., 2019) and has been strongly positively
correlated with the main elements tracing non-exhaust traffic emission, such as Cu, Fe and Mn
(Shiraiwa et al., 2017; Pietrogrande et al., 2018a, 2018b; Bates et al., 2019). However, these
elements, generally considered as robust tracers of vehicular traffic, in Terni were found to be
released at much higher concentration from the railway (Massimi et al., 2020b). Moreover, these
results confirmed the high OP** activity shown at underground station in Gupta et al. (2019). It is
worth nothing that relative high OP”* values were recorded at the sites influenced by the rail
network emission in all the monitoring periods, in accordance with the non-seasonal character of
this source. In April (panel b), the OPAA response to particles released from the railway, turned out
to be higher and more localized at GI, CR and HG, presumably because of the more efficient
mixing of the lower atmosphere during the warmer season, which led to a less horizontal diffusion
of the released particles.

On the other hand, in Fig. 4 we can note that high OPP®™ values were recorded at sites close to the
steel plant (RO, OB, PR and CO) in all the monitoring periods and at sites near townhouses
frequently heated by biomass burning appliances (BR, AR and CR) in winter (panels a and c). In
this case, the high OPP“™ values recorded at BR, AR and CR in February (panel a) and December
(panel c), confirmed the relationships between OPPCFH and PM released by domestic biomass

heating. In fact, in previous studies, the same sites were identified as the most impacted by biomass
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burning contributions (Massimi et al., 2020a; 2020b). Relative high OPP°FH values were also
recorded at RO, OB, PR and CO in all the monitoring periods. These sites are close to the steel
plant and have proven to be the most affected by particles released from the steel plant by abrasive
machining of steel from the rolling plants and/or by combustive processes from the furnaces for the
annealing of the cold rolled product (Massimi et al., 2020b). The relevance of steel plant related
emissions on OPPCF values is particularly evident in April (panel b), when the strength of biomass
burning emissions is weaker. Hence, DCFH assay seems to be particularly sensitive toward
particles released from the steel plant and partly from domestic biomass heating. It is worth
mentioning that in February, increased OPP°F values were also measured at sites near the railway
(Gl, CR and HG); this indicates a contribution to OPPCF also from particles released by abrasion of
rolling stock. These results are in agreement with the findings of See et al. (2007) and Wang et al.
(2010), which have shown a positive correlation between ROS and both transition metals (including

Fe) and organic concentrations.
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Fig. 3. Spatial mapping of OP”* in February (panela a), April (panel b) and December (panel c)
2017.
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Finally, from Fig. 5, we can observe that in February (panel a) and December (panel c), the highest

OPPTT values were recorded at sites close to townhouses where domestic biomass heating systems
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are prevalent (BR and AR) and at FA and CB. Previous studies demonstrated that these sites were
affected by the emissions from burning of carpentry waste products (Massimi et al., 2020a; 2020b).
Moreover, relative high OPPTT values (supplementary material S2) occurred in all the monitoring
periods at PR, which is the site most impacted by a source related to combustive processes
associated to the steel production, such as casting, annealing and hot rolling of steel. This source
releases particles rich of water-soluble Cr, Ga, Li, Mn and Zn (Massimi et al., 2020b). In April
(panel b), when biomass burning appliances are not used, OPPTT values turned out to be lower in all
the Terni basin, except for the area affected by the steel plant (RO, OB, PR, CO and CP), where the
highest OPPTT values were recorded. Therefore, in general, DTT assay appears to be specifically
sensitive to combustion sources, in particular, toward particles released by both industrial (panel b)
and biomass burning (panel a and c) emissions. However, since biomass burning has a seasonal
trend, a strong variability of the OPPTT values at the sites influenced by this source is observed in
the three monitoring periods, due to the stronger biomass burning contribution in the colder season.
In fact, biomass burning and secondary organic aerosols are deemed to be the largest contributors to
the OPPTT (Verma et al., 2018). To corroborate this, despite various chemical components in
atmospheric aerosols have been demonstrated to be well-correlated with OPPTT, including water-
soluble transition metal ions, water-soluble organic compounds and quinones (Wong et al., 2019),
numerous studies have shown strong correlations of OPP™T with K, a robust biomass burning tracer,
and organic compounds, such as levoglucosan, associated to wood combustion sources
(Pietrogrande et al., 2018a; Bates et al., 2019; Wang et al., 2019; Hakimzadeh et al., 2020).

3.3 Size Distribution of OP

Size distribution of OPA*, OPPCFH and OPPTT was evaluated by analyzing size-segregated PM
samples collected at CA, MA and PR. The OPA4, OPPCFH and OPPTT values recorded in each size
fraction at CA, MA and PR are reported in supplementary material S3.

Fig. 6 shows the mean concentration of the PM mass and the mean size distribution of the OP in
Terni. Size distribution of PM mass concentration showed a bimodal profile, while OPA*, OPPCFH
and OPPTT size profiles were substantially unimodal, since AA, DCFH and DTT assays responded
selectively to fine or coarse particles. In fact, from Fig. 6, we can observe that AA assay was found
to be mainly sensitive to coarse particles (1.8-10 um), showing a broad maximum in the Size range
3.2-5.6 um, while DCFH and DTT assays turned out to be more sensitive toward the fine fraction of
PM (0.18-1.8 um), with the highest OP values in the size fractions 0.56-1 um and 0.32-0.56 um,
respectively. These findings are in line with previous publications, which have demonstrated higher

OPAA sensitivity toward redox active components in coarse aerosols (Godri et al., 2011; Manigrasso



315 et al., 2020) and higher OPPSF and OPP™T values in the fine fraction of PM (De Vizcaya-Ruiz et
316 al., 2006; Ntziachristos et al., 2007; Steenhof et al., 2011; Janssen et al., 2014). Moreover, these
317  results confirmed the findings of paragraph 3.2. In fact, particles released by re-suspension of dust
318 and mechanical processes, such as brake abrasion, to whom OPA* was found to be more sensitive,
319  are typically present in the coarse fraction of PM. On the contrary, combustion processes (such as
320  biomass burning and hot works from the furnaces of the steel plant), to whom OPPH and OPPTT
321  appeared to be more sensitive, mainly produce particles belonging to the fine fraction of PM
322 (Shiraiwa et al., 2017; Canepari et al., 2019), which contain water-soluble metals and organics,

323 generally associated with higher intrinsic redox activity.
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324  Fig. 6. Mean concentration of the PM mass and mean OP**, OPPCF and OPP'T values of size-

325  segregated PM samples collected at CA, MA and PR.

326 4. Conclusions
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In this study, an innovative experimental approach, based on the spatial mapping of OPA#, OPPCFH
and OPPTT for geo-referenced assessment of PM potential to induce oxidative stress, was
described. This approach allowed us to map the spatial variability of OPA4, OPPSFH and OPPTT,
proving to be a powerful tool, transferable to other monitoring campaigns, for the individuation of
spatial relationships between oxidative potential of PM and its chemical composition and sources.
The obtained results showed that OP** was particularly sensitive toward coarse particles (1.8-10
um) released from the rail network (GI, CR and HG) by abrasion of train brakes. On the contrary,
OPPCFH appeared to be particularly sensitive to fine particles (0.18-1.8 um) released from the steel
plant (RO, OB, PR and CO) and domestic biomass heating (BR, AR and CR), while OPP™T was
found to be specifically sensitive toward the fine fraction of PM (0.18-1.8 um) released by both
industrial and biomass burning sources, such as domestic biomass heating (BR and AR) and the
burning of carpentry waste products (FA and CB). Overall, these results showed that biomass
burning may play a key role in PM potential to generate ROS.

The described approach promises to be very effective for the identification and localization of the
emission sources mainly responsible for ROS generation and provides a reliable tool for spatially-
resolved evaluation of exposure to PM and relative health risk.
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