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ARTICLE INFO ABSTRACT
Keywords: Poor air quality in workplaces constitutes a great concern on human health as a good fraction of
Air quality measurements our time is spent at work. In Greece, very unique workplaces are the street corner kiosks, which

Black carbon kiosks
Particulate matter
Occupational exposure
Ultrafine particles

are freestanding boxes placed on sidewalks next to city streets and vehicular traffic, where one
can find many consumer goods. As such, its employees are exposed to both outdoor and indoor air
pollutants. Very few studies have examined the occupational exposure of kiosk workers to air
pollutants, and thus the magnitude of this unique indoor and outdoor exposure remains unknown.
The objective of this study is to investigate and compare the levels of indoor and outdoor par-
ticulate matter (PM;o and PMy s), ultrafine particles (UFPs) and black carbon (BC) in different
kiosks located in Athens, Greece, in urban-traffic and urban-background environments. Contin-
uous measurements of the above-mentioned pollutants were carried out on a 24-h basis over 7
consecutive days at three kiosks from September to October 2019. Indoor PM;( concentrations in
the urban kiosk ranged from 19.0 to 44.0 pg/m°, PM, 5 values ranged from 14.0 to 33.0 pg/m?,
whereas BC concentrations ranged from 1.2 to 7.0 pg/m°® and UFPs from almost 9.5 to 47.0 x 10°
pt/cms. Outdoor PM; ¢ and PM; 5 measurements ranged from 29.0 to 59.0 pg/m3 and from 22.0 to
39.0 pg/m>, respectively. BC outdoor concentrations ranged from 1.1 to 2.2 pg/m°. The mean
hazard quotient (HQ) for PMjq (4.9) and PM; 5 (4.7) among all participants was >1. The health
risk of exposure to PM;o and PMj 5 was found to be at moderate hazard levels, although in some
cases we observed HQ values higher than 10 due to high PM; and PMjy 5 concentrations in the
kiosks. Overall our study indicates that people working at kiosks can be exposed to very high
concentrations on particulate pollution depending on a number of factors including the traffic
that strongly depends on location and the time of the day.
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1. Introduction

Air pollution is one of the main risk factors for human health, especially for populations living in urban areas, and an important
occupational hazard for outdoor workers [1,2]. Air pollution is both a risk factor for mortality and a cause of indoor and outdoor
contamination with chemical and biological agents [3,4]). The most abundant air pollutants are produced by fossil fuel combustion,
and industrial activities [5,6,7], with the combustion of diesel being one of the main sources of airborne particulate matter [3,8].
Human exposure to PMy 5 (i.e., particulate matter with a diameter smaller than 2.5 pm) concentrations, has been associated with
increased mortality and morbidity, due to the fact that smaller particles can penetrate and deposit deeper in our respiratory system
where they can cause more harm compared to their larger counterparts [9,10,11,12,13,14]. Several studies have associated adverse
health effects related to the lung function (e.g., in the bronchioles and the alveoli), with particulate matter exposure [11,15].
Moreover, significant health risks such as inflammation and related cardiovascular diseases, oxidative stress, dry eyes and nasal
symptoms, have been related to exposure to particulate matter [16,17,18,19,20,21,2].

A number of studies published over the last couple of decades have investigated the relationship between indoor and outdoor
concentrations of different air pollutants present in various environments [22,23,1,24,25,26,27,28,29]. Many studies have also shown
how the inhalable particles can affect the respiratory tract [30,31]. Other studies have also shown that black carbon (BC) can alter
isoprostane levels in children [32,33,34]. The majority of these studies focus on individuals who work in vehicular traffic and are
heavily exposed to air pollutants, such as traffic police officers [8,28,35-46], street vendors [47,48,42,49,50,51,52], outdoor workers
[53,54,55,56,57], and outdoor guards [58]. Several studies also shown that outdoor workers like street vendors, traffic police officers,
and newspaper agents commonly report coughing [59,40], and respiratory symptoms [60,61]. A few studies have investigated
short-term exposure (over a single day) of kiosk workers [62,59,44]. In contrast to other workers who spend most of their time
outdoors or indoors, kiosk employees are equally exposed to both indoor and outdoor air pollutants, which makes them a unique and
particularly vulnerable population group.

Kiosks are small free-standing booths that sell a number of products including magazines and newspapers. They are an integral part
of the fabric of Greek society since their first appearance in the third decade of the 19th century, shortly after the establishment of the
Greek state. Kiosks are placed on sidewalks in the main streets of the cities, often next to bus stops (very close to vehicular traffic), as
well as in town

Squares and parks. In urban city centers the majority of kiosks operate 24 h per day, 7 days a week. According to the Hellenic
Statistical Authority, there are currently 5700 kiosks operating throughout Greece, employing approximately more than 11.000
employees.

This study aims to investigate and compare the levels of indoor and outdoor particulate matter (PM;o and PM; 5), UFPs and BC in

Kiosks and Measuring Stations Location

Kiosk 3'Nea'Smirni

Fig. 1. Kiosk and Measuring Stations location.
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three different kiosks located in Athens, Greece, and to estimate the health risk from exposure to these pollutants. We used portable
instruments and low-cost air quality monitoring system to measure PM;(, PM 5, UFPs and BC concentrations, for 7 consecutive days
for each kiosk, on a 24-h basis, from September to October 2019. We also estimated the human health risk arising from exposure to
indoor air pollutants according to the age of the kiosk workers.

2. Materials and methods
2.1. Sampling location

The kiosks selected for this survey are located in the center of Athens, which is the largest city in Greece, with a population of 3.8
million inhabitants according to the last census report (Hellenic Statistical Authority, 2011). The city is surrounded by four large
mountains, including Mountain Aigaleo (462 m asl) to the west, Mountain Parnitha (1413 m asl) to the north, Mountain Penteli (1109
m asl) to the northeast, Mountain Hymettus (1026 m asl) to the east, and by open sea (the Saronic Gulf) in the south-west. The climate
conditions in Athens are unique because the mountainous landscape creates conditions that often trap air pollutants emitted by all
human activities in the city, oftentimes resulting to extremely high concentrations of PM [46]. The city center is situated in a valley,
where the load of PMy 5 is generally well mixed across Athens Metropolitan area [63], exhibiting a gradual improvement in con-
centration levels over the years [64]. Systematic air pollution measurements are carried in Athens since 2001, under the supervision of
Ministry of Environment and Energy, with the contribution of 14 air pollution-measuring stations, which are installed in different areas
in Attica.

We selected three kiosks located in different areas in the center of Athens as shown in Fig. 1. The selected kiosks were in a main
boulevard close to one of the fourteen air quality monitoring stations. The first kiosk (kiosk 1) is located in the center of Athens at
Syntagma square that is one of the most central points of Athens and can thus be characterized as an urban-traffic environment as it
where thousands of cars and public means of transportation pass daily. Kiosk 1 is located 1.2 km away from the nearest urban-traffic air
quality monitoring station of Aristotelous (ARI). The second kiosk (kiosk 2) is located 4.5 km south-west of the city center of Athens at
the suburb of Nea-Smyrni and can be characterized as an urban background area. Kiosk 2 is also 1.2 km from the Nea-Smyrni urban-
background air quality monitoring air quality monitoring station (SMY). It should be noted that kiosk 2 is located next to a bus stop on
one of the most central streets of the city. The third kiosk (kiosk 3, urban-background) is located at the Southern suburb of Palaio
Faliro, 7 km away from the center of Athens along a main avenue. This kiosk is next to the Nea-Smyrni (SMY) urban-background air
quality monitoring station.

The outdoor concentrations of PMs 5 and PM; used in our study were collected from the air quality monitoring network operated
by governmental authorities in Athens. It should be noted that only PM;o data were provide by the SMY station, and in order to
compare the indoor and outdoor PM> 5 concentrations for kiosks 2 and 3, we used data from the closest air quality monitoring stations
(Aristotelous and Piraeus). Piraeus (PIR) is an urban-traffic station at the port of Piraeus (Saronic Gulf), the largest port of Greece. Data
for outdoor BC concentrations was provided by the NCSR Demokritos ACTRIS/GAW Aerosol Research station located at Agia Paraskevi
(AGP) Urban background station typical of suburban air quality Table 1 shows all the details of the measuring stations and the
measured pollutants.

2.2. Measurements and data analysis

Taking advantage of new developments in low-cost and portable sensors for monitoring air quality in the urban environment [65],
sampling was carried out for 7 consecutive days for each kiosk, on a 24-h basis, from September to October 2019. PM;o and PM; 5
concentrations were measured with the AirSensis monitor, which is a low-cost air quality monitoring system 30]. Calibration of the
AirSensis monitor was carried out using reference instruments and indoor/outdoor samples from a lab environment. More specifically,
for the calibration, daily average measurements for PM;y and PM5 5 collected by the AirSensis monitor were compared to gravimetric
24-h parallel measurements to an indoor workplace environment. Moreover, comparison of Airsensis measurements was made against
an Optical Particle Counter (OPC; namely a Grimm OPC Model 107) at Demokritos station [66].

BC concentrations were measured continuously using an custom-made aethalometer developed by the Moscow State University
(MSU) and the Central Aerological Observatory (CAO). This aethalometer records light attenuation at three wavelengths (450, 550,
and 650 nm) using a detector behind a quartz fiber filter, where the collection of aerosol particles takes place. Their light-attenuation
coefficient is then calculated according to previously published literature [67]. To determine the BC concentrations, the calibration
parameter was derived from long-term measurements against an AE33 Aethalometer [68] using the paired output of the same
wavelength. The instrument filters were manually changed every 24 h. Data corresponding to cumulative attenuation above 100, were

Table 1

Measuring station characteristics.
Athens Characterization Altitude (m-asl) Measured pollutants
Aristotelous (ARI) Urban-Traffic 75 PM;o PM, 5
Nea Smirni (SMY) Urban-Background 50 PM;o -
Piraeus (PIR) Urban-Traffic 4 PM;o PM, 5
Agia Paraskevi (AGP) Suburban-Background 290 BC
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UFPs concentrations (sizes ranging from 10 to 300 nm) were recorded with a miniDISC (SN 10166) personal aerosol monitor [69,
70]. Apart from the concentration of UFP, the miniDISC can report the average size and lung-deposited surface area of the samples
particles, making it ideal for personal exposure monitoring in different environments. Its detection limit is ideally suited for typical
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ambient particle concentrations [69]. The miniDiSC has a lower counting and sizing resolution than traditional aerosol instruments
such as the condensation particle counter (CPC; Agarwal & Sem 1980), the scanning mobility particle sizer [58], or the Differential
Mobility Spectrometer ([71], but this is compensated by its compact size and ease of handling. In general, measured concentrations
and average diameters agree to within 30 % with CPC and SMPS measurements. The data retrieved from the on-line instruments were
postprocessed in order to remove outlier values. A value is considered as an outlier if it exceeds its previous value in the time-series by
more than 3 times the standard deviation of the last 10 values. If this criterion was met, then the value was removed from the dataset.
With this approach, extremely high concentrations attributed to local contamination (e.g., sources momentarily emitting particles
close to the instrument, cigarette smoking by passersby etc.) were removed. The outliers were less than 5 % of the total number of
values for every kiosk campaign.

2.3. Health risk assessment

To assess the health risk from exposure to indoor PM;y and PM; 5 in the kiosks we used the hazard quotient (HQ) defined as:

e

HR=—
RfC

@
where CDI is the chronic daily intake and RfC the reference concentrations sought from related studies [72,73,74]. The CDI was
determined as:

C x IR x ET x EF x ED

CoI= BW x AT @

where C is the concentration of PM and IR is the average adult inhalation rate of 0.66 m3/h (16 rn3/day) [20]. ET, EF, ED, BW, AT, are
the exposure time (hours/day), exposure frequency (days/year), exposure duration (years), body weight (kilograms), and average
affecting time (365 days), respectively. To evaluate the control level, an HQ < 0.1 represents the non-hazard level, 0.1 to 1.0 represents
a low risk level, 1.1 to 10 a moderate hazard level, and HQ > 10 represents a high risk level [75].

3. Results and discussion
3.1. Kiosk 1 (urban-traffic)

As expected, kiosk 1 had the highest indoor and outdoor PM;o and PM5 5 concentrations. The highest PM;o and PM; 5 indoor
concentrations were recorded from late afternoon until early morning and ranged from 100 to 150 pg/m® and 81-96 pg/m?®,
respectively (Fig. 2a). During working hours, the outdoor concentrations were at their highest, 41 ug/m? for PM;, and 18 pg/m? for
PM, 5 (at 9:00 a.m.). The average indoor PM;y and PM; 5 concentrations, ranged from 44 to 70 pg/m3, and 36-70 pg/m3, respectively.
These significant differences between indoor and outdoor concentrations, especially in the evening can be attributed to occasional
smoking by the employee, as recorded in the diary of activities. The IK/BKG ratio (Indoors Kiosk/Background*) ratio for PM;o and
PM; 5 concentrations, were higher than unity throughout the entire sampling period, which can be attributed to occasional smoking by
the employee, who worked the night shift (Fig. 2a and b). UFP concentrations ranged from 23.0 to 74.0 x 10° pt/cm?, with the
maximum concentrations recorded during working hours. The highest daily average concentrations were recorded in the middle of the
week, due to the high traffic in the area (Fig. 2c). More specifically, on 18 September and September 25, 2019 the daily indoor PM;
concentrations were 120.3 pg/m> and 125.7 pg/m?>, while the outdoor concentrations were 46.9 and 30.8120.3 pg/m>, respectively.
The daily IK/BKG ratio for PM; rates, were 2.6 on September 18th and 4.1 on September 25th.

Regarding the PMj 5 daily concentrations, the maximum values were recorded on Wednesday the 25th of September. The average
PMS, 5 indoor values, were 108.3 pg/m® and the corresponding outdoor was 15.1 pg/m®. The IK/BKG ratio was 7.2. Finally, UFP
concentrations reached their highest values on September 19, 2019 (60 x 10 pt/cm®). The daily indoor and outdoor rates for PMy,
PM, 5 and UFPs concentrations, are shown in Fig. 6a,b,c. At this kiosk, due to the malfunction of the aethalometer, we do not have BC
concentration data.

3.2. Kiosk 2 (urban-background)

Kiosk 2 had the second highest indoor concentrations of PM;o and PM5 5. The sampling period started at October 13, 2019 and
lasted 8 days. The highest average indoor concentrations ranged from 19 to 44 pg/m® for PMyg and 14-33 pg/m® for PMy s, with the
maximum indoor concentrations measured during working hours. Comparing the hourly average outdoor and indoor concentrations
for PM;o and PM, 5 we observed that the outdoor concentrations were greater than indoors throughout the entire sampling period.
During working hours, the hourly outdoor concentrations were slightly higher than indoors. The IK/BKG ratio for PM;o and PM5 5
concentrations, was <1 throughout the survey, with some exceptions late in the afternoon, due to activities like shopping and rush
hour car traffic, that took place during that time in the area around the kiosk. The maximum daily indoor PM;o concentrations, were
recorded on Friday October 18, 2019. The average daily rate was 75.5 pg/m® (Fig. 7a). The average PM, 5 indoor concentrations
reached their higher values (59.9 pg/ms) on the same day (Fig. 7b). The corresponding average outdoor PM;y and PM; 5 concen-
trations, were 48.9 and 37.9 pg/m> respectively.
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BC concentrations ranged from 1.2 to 7 pg/m® with the maximum concentrations recorded during working hours. More specif-
ically, from 8:00 to 16:00 the average hourly indoor concentrations ranged between 1.3 and 7 pg/m?>. During the working hours,
indoor concentrations were higher than outdoors, however, late in the afternoon, after the working shift, the outdoor values were
higher due to higher traffic next to the air quality monitoring station. The average IK/BKG ratio for BC was >1 during working hours
(Fig. 7¢). The IK/BKG* ratio for PM and BC concentrations was <1, possibly due to the transport of pollutant from the outdoor
environment. In fact, during working hours (particularly between 8:00 and 11:00), the IK/BKG ratio for both PM and BC reached its
highest values, which according to the daily diary that was kept during the study by the employee, that was the time of the day where a
lot of people visit the kiosk to buy some essentials. At this point we should mention that the employees were non-smokers. The UFPs
concentrations ranged from 9407 to 46 x 10° pt/cm®. The maximum concentrations were recorded between 8:00 and 9:00 a.m.
(28,438 and 46 x 103 pt/cm? respectively). The average hourly concentrations for all the pollutants at kiosk 2, throughout the duration
of the measurements, are shown in Fig. 3a,b,c,d. Finally, Fig. 7d shows the average daily UFPs concentrations with the maximum
concentrations to be recorded on Monday October 14, 2019 (26 x 10° pt/cmg).

3.3. Kiosk 3 (urban-background)

PMj 0, PM3 5, BC and UFP measurements in Kiosk 3 lasted for 8 days from October 25, 2019 to November 1, 2019. The PM; indoor
values ranged between 6.0 and 33.0 pg/m3 with the maximum concentrations recorded during the working hours. Similarly, PMs 5
indoor concentrations ranged from 4.0 to 24.0 pg/m°, with the maximum concentration recorded at 20:00 (24 pg/m>). For both
pollutants (PM; and PMj; 5) the IK/BKG ratio was mostly <1, with a few exceptions in the afternoon hours. BC concentrations ranged
from 2.0 to 6.0 pg/m?, with the highest ones being recorded during working hours (6.0 pg/m® at 8:00 a.m.). The IK/BKG ratio for BC
concentrations, remained higher than unity throughout the entire measurements period. The IK/BKG correlation for both PM and BC
concentrations were >1 during all measurements, possibly due to the transport of pollutants from the outdoor environment and the
fact that the window was always open according the workers. Finally, the UFP concentrations ranged from 10.0 to 24.0 x 10° pt/cm?
with the highest concentrations recorded early in the morning (8:00 a.m.). The average hourly concentrations for all the pollutants at
kiosk 3 are shown in Fig. 4a,b,c,d. For PM;o and PM; 5 the highest daily indoor concentrations were measured mid-week. More
specifically, on the 29th of October, the average daily PM;( and PMj 5 rate was 31.2 pg/m> and 22.5 pg/m?>, and on the 30th of October
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Fig. 4. Hourly average indoor and outdoor concentrations at kiosk 3 (Palaio Faliro) during the sampling period (a) PM;, concentrations (b) PMs s
concentrations (¢) BC concentrations (d) UFP concentrations.

34.8 pg/m3 and 25.2 pg/m3. During the entire sampling period, outdoor PM;o and PMj 5 concentrations were higher than indoor
concentrations. Regarding the BC daily average concentrations, we observed that the highest values were also recorded mid-week (up
to 4.9 pg/m®). As with particulate matter, these values were higher than the corresponding outdoor ones. This fact could be explained
from the number of people who visit the kiosk and the employees’ smoking behavior. Finally, the highest UFPs levels were recorded on
the 30 of October 42.9 pt/cm® at 8.00 a.m. The daily concentrations for all the pollutants at this kiosk are presented in Fig. 8a,b,c,d.

Compared with other measuring stations in Athens, we can observe that PM;( concentrations in Eleusina suburban-industrial air
quality monitoring station were higher than the two suburban-background air quality monitoring stations of Agia Paraskevi and
Lykovrisi (ELE: 22-43 pg/m%; AGP:16-21 pg/m>; LYK: 18-34 pg/m®). Similarly, the corresponding PMa 5 concentrations at Eleusina
station ranged from 18 to 23 pg/m°>. At Agia Paraskevi and Lykovrisi station the PM, 5 concentrations were noticeably lower
(AGP:13-16 pg/m3; LYK:11-17 pg/m3). Fig. 5a,b shows the PM;( and PM; 5 concentrations of local measuring stations. This difference
in pollutant concentrations is a result of different meteorological conditions in the wider area of Athens caused by te mountainous
landscape that traps air pollutants emitted by vehicular traffic, which in turn affect air pollution levels in each area. Moreover, kiosks
are characterized by their small size and as such, atmospheric pollution can lead to increased indoor air pollutant concentrations due to
poor pollutant dispersion. Kiosks, are generally situated close to high traffic avenues (on the ground level), thus the contribution of
vehicle emissions is expected to be significant. The results also showed that there is a number of factors that contribute to the level of
respirable particles, such as the kiosk’s location, the background area, the existence of strong anthropogenic activities such as smoking,
as well as vehicular emissions, that affect kiosk employees’ health.

4. Human health risk assesment
The working behavior of the 6 employees who worked in the three kiosks were collected to determine their risk of exposure. The

workers’ age ranged from 48 to 57 years for the males and 22 to 30 for the females. The average working hours and years was 12 h per
day and 11.8 years of work, respectively. The average working days and body weight were calculated to be 312 days and 72 kg,
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Fig. 5. Hourly average concentrations of local measuring stations: (a) PM;, concentrations (b) PM, 5 concentrations.

respectively. For the health risk assessment we used the RfC for PM;o and PMy 5 (0.011 and 0.005 mg/kg/capita, respectively) [73].
The CDI for PM;( and PM; 5 was 0.068 + 0.039 and 0.048 + 0.029 mg/kg/day, respectively. The PM;, (4.9 pg/m3) and PM, 5 (4.7
jg/m>) mean hazard quotient (HQ) among all participants was >1, indicating a significant risk factor for human health. These values
are in the medium hazard level between 1.1 and 10, although in some cases we observed HQ values higher than 10 due to high PM;¢
and PM; 5 concentrations levels in the kiosks. However, PM;o and PMy 5 concentrations for the under-study kiosks do not exceed air
quality standards, but the health impacts from exposure to air pollution are still an important issue. Chalvatzaki et al. [72], estimate
that health risk effects are caused by the inhalation of particulate matter (PM) and particle-mound metals to adult males in three
European cities (Athens, Kuopio, Lisbon). In this study we did not measure other compounds (such as metals) that may be present in
PM;¢ and PM; 5, however they may be harmful to kiosk employees’ health and increase their health risk.

5. Conclusions

We examined the indoor and outdoor concentrations of PMy 5, PM;o, BC and UFPs in three kiosks with different characteristics
(with respect to traffic and human presence) at three locations in Athens, Greece. As expected, the most centrally located kiosk in
downtown Athens (#1) with the highest trafic, had significantly higher PM;o and PMjy 5 hourly average indoor than outdoor con-
centrations throughout the entire study period. The concentrations in that kiosk were also the highest among of all three kiosks, and
higher than the recommended indoor 24-h mean PM standard. PM;( and PMj 5 outdoor concentrations in the other two kiosks were
higher than those indoors, with some exceptions late in the afternoons. The outdoor concentrations were always well below the
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Fig. 6. Daily average concentrations recorded indoors in the Kiosk 1 (Syntagma) and outdoors during the sampling period (a) PM;o concentrations
(b) PM, 5 concentrations (¢) UFPs concentrations.

recommended indoor 24-h mean PM standard [76]. The average measured indoor BC concentrations during working hours in kiosk 3
were comparable to typical European urban background levels [63,26]. Compared to previously published studies, occupational
exposure to BC in Greece is lower than in other countries. A similar study in Nairobi, Kenya [49] showed that after 11 h of personal
exposure the average mean BC concentrations to bus drivers were 63.9 pg/m?>, and to street vendors were 30 pg/m>. In our study BC
outdoor concentrations were similar with the BC concentrations in highways in New York [12].

According to Brigs and Long [77], many European studies showed that during the winter burning biomass is responsible for the
high BC concentrations, especially in villages and rural areas. The majority of these studies show that fossil fuel composition is a result
of wood burning for heating. Moreover, in urban European areas diesel sources are responsible for the high levels of BC concentrations
especially for those areas closer to highways and high traffic areas. Similarly, US studies showed that in urban sites the main source of
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BC concentrations are diesel and gasoline emissions, particularly in heavily trafficked surface streets.

Regarding the daily average indoor concentrations, we observed that the maximum values were recorded on days in the middle of
the week for all the pollutants in all three kiosks. This could be explained by the fact that kiosks get supplies during the week, and as a
result, keep their windows and doors open longer than during the weekend. Notably, the HQ values for PM;og and PM, 5 were at
moderate health hazard level, indicating a significant risk from inhalation exposure to these indoor air pollutants. Moreover, indoor
concentrations of PM; p.m.5 5 BC and UFPs showed a strong variation among the different kiosks, as several contributing factors such
as their location, employee habits and the number of customers who visit the kiosks, appear to play a key factor. In cases of relatively
low indoor concentrations and absence of strong indoor sources (such as smoking), we observed that the outdoor environment mainly
contributes to the high particle levels, especially when air renewal (i.e., by having an open window) is frequent. Despite that the PM; ¢
and PM, 5 concentrations were high.

Our pilot study is the first to investigate exposure of kiosk workers to major air pollutants PM;y, PM3 5, UFPs and BC over a period of
one week. However, there are some limitations to our work, the most notable one being the small number of locations and the sampling
during one season. Future studies should include measurements at more kiosks in different areas of the city with a longer duration and
repeatability. It would also be useful to carry out these measurements during different time periods (e.g., summer and winter), taking
into account seasonal changes in pollutant concentration. It would also be useful to combine the estimations of inhalation intake for
kiosk workers and their health effects, by using separate dose-response approaches for PMj 5 and BC. In this way it will be possible to
provide guidelines for improving indoor air quality in kiosks, and thus the working standards of employees who spend much of their
time inside them.

Ethics approval

The study was performed in accordance with the ethical standards as laid down in the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.
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