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Abstract

Studies have been showing strong associations between exposures to indoor particulate matter
(PM) and health effects on children. Urban and rural nursery schools have different known
environmental and social differences which make their study relevant. Thus, this study aimed
to evaluate indoor PM concentrations on different microenvironments of three rural nurseries
and one urban nursery, being the only study comparing urban and rural nurseries considering
the PMy, PM25s and PMyo fractions (measured continuously and in terms of mass). Outdoor
PM2s and PMz1o were also obtained and 1/O ratios have been determined. Indoor PM mean
concentrations were higher in the urban nursery than in rural ones, which might have been
related to traffic emissions. However, 1/O ratios allowed concluding that the recorded
concentrations depended more significantly of indoor sources. WHO guidelines and Portuguese

legislation exceedances for PM2.s and PM1o were observed mainly in the urban nursery school.

Capsule: PM levels were higher in the urban nursery than in the rural ones, which might have
been related to traffic emissions. Still concentrations depended more significantly of indoor

sources
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1. Introduction

PM have been recognized by various organizations such as USEPA and WHO as a priority
pollutant, having high potential to induce various adverse effects to human health such as
pulmonary diseases, asthma and other respiratory problems (Stanek et al., 2011; Sousa et al.,
2012a). There is also evidence that particles can cause skin, eyes, nose, throat and upper airways
irritations, shortness of breath, dizziness, and allergic reactions (Sousa et al., 2012a; USEPA,

2012).

Nursery schools could be a very interesting case study because children are vulnerable to
compromised Indoor Air Quality (IAQ) due to their not fully developed immune system and
lungs, greater inhaled breath per unit mass, and rapid growth of their tissues and organs, which
raises the possibility of higher exposure than occurs in adults (Branco et al., 2014a; Yoon et al.,
2011; Pegas et al., 2012). Beyond that, children spend more time in schools (or preschools and
nursery schools) than in any other indoor microenvironment besides home (Branco et al.,
2014b). Although no definitive proof exists, it can be assumed that preschool students, because
of their activities, are more susceptible to the adverse effects of a poor IAQ than elementary or
middle school students (Hagerhed-Engman et al., 2006). Many pollutants are present in nursery
schools’ indoor air, but PM is the one that has attracted more interest from researchers. Particles
arise in indoor air from both indoor and outdoor sources and can be affected by many factors
such as particle re-suspension from activities of building occupants, cooking, heating, consumer
products, building materials (carpeting, flexible flooring, paint, and plastics), furnishings and
equipment (Sousa et al., 2012b). Cleaning activities, ventilation rates and dust coming from
outside of the buildings (responsible for the existence of very adverse compounds in particles
such as heavy metals mainly due to traffic emissions) are also important factors that determine

indoor PM concentrations (Lu et al., 2014; Sousa et al., 2012b; Darus et al., 2012).
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In the last five years several studies on indoor air PM pollution have been conducted focusing
on PM2sand PMyo in primary schools (Sousa et al. 2012b; Almeida et al., 2011). Nevertheless,
studies in nursery schools are still few. As far as it is known there are only eleven studies
focussing on PM in nursery schools’ indoor air. Tong and Lam (2008), Darus et al. (2012) and
Lu etal. (2014) investigated the concentrations and contamination of metals in PM from nursery
schools in Hong Kong, Malaysia and China, respectively. The results of Tong and Lam (2008)
and Darus et al. (2012) studies demonstrated that some nursery schools have high levels of
heavy metals and suggested that traffic was one of their major sources. Lu et al. (2014)
concluded that most samples were moderately polluted by metals and their concentrations in
dust samples from nursery schools located in the old downtown were lower than in the samples
from schools situated outside the town. Fromme et al. (2005), that studied elemental carbon and
respirable PM in the indoor air of apartments and nursery schools as well as ambient air in
Berlin, also reported a strong relationship between motorway traffic and indoor air PM
concentrations. Despite the determination of metal concentrations in dust samples and
evaluation of their pollution levels and health risks to children, measurements were performed
only in urban context and PM2sand PMyo concentrations were not determined. Zuraimi and
Tham (2008) conducted a cross-sectional study in nurseries in Singapore by evaluating comfort
parameters, some gaseous compounds and PM2s, having concluded that for PM:s
concentrations, despite outdoor infiltrations, indoor sources were the main sources of PM
indoor levels. Wichmann et al. (2010), that measured PM2s, soot, NO2 and the air exchange
rate in nursery schools in Sweden, Yang et al. (2009), that characterized the concentrations of
different indoor air pollutants (PMzo fraction) in Korean nursery schools, and Cano et al. (2012),
that performed a similar study in Portugal (Lisboa and Porto), also concluded the same.
However, in these four studies only PM2 s or PMyo fraction were evaluated. Most recent research

studies have been focusing in PM2s (most harmful to human health) and PM1o simultaneous,
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both usually used in international guidelines. Cano et al. (2012) also referred to this in their
study. Furthermore, results showed that cleaning activities increased PM concentrations in
indoor air and suggested that cooking activities could increase PM concentrations in lunch
rooms. Fonseca et al. (2014) studied ultrafine particle levels in urban and rural preschools in
the north of Portugal. The results demonstrated that the levels of ultrafine particles in various
microenvironments of preschools were significantly different, with the lowest levels found in
the classrooms and the highest ones found in lunch rooms. These results also suggested that
children attending urban preschools are potentially exposed to higher levels, mainly due to the
contribution of outdoor traffic-related sources and cooking activities. However, in that study,
measurements were performed only during occupation periods and particle mass concentrations
were not measured (only particle number was considered). Yoon et al. (2011) is the only study
besides Fonseca et al. (2014) that studied both urban and rural nursery schools. They studied
71 classrooms in 17 nursery schools and searched for indoor air quality differences (several
pollutants including TSP and respirable particles) between urban and rural ones, and confirmed
that the PM concentrations indoors were higher than those outdoors, and also that those in urban
areas were higher than in rural areas. Lack of comparative analysis between different
classrooms and other environments inside the same nursery and a limited analysis to the coarser
PM fractions as well as gravimetric sampling for 6 to 8h were the major limitations of this

study.

Branco et al. (2014a) studied PM concentrations (PM1, PM2s, PM1 and TSP) in classrooms
and lunch rooms in three urban nursery schools in the city of Porto. The results confirmed that
indoor sources were clearly the main contributors to indoor PM concentrations when compared
with outdoor influence and the classrooms occupied by older children were found to be those
with the highest concentrations, due to the PM re-suspension phenomenon. Although various

fractions of PM were analysed in continuous measurements over several days and in different
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microenvironments, measurements were performed only in urban nursery schools. Following
Branco et al. (2014a) study (nevertheless considering different nurseries to reinforce
conclusions) and in the scope of INAIRCHILD project (Sousa et al. 2012a), this study aimed
to reduce the above referred gaps, through the evaluation of indoor concentrations of particulate
matter (PMz1, PM2s, PM1o and TSP) on different indoor microenvironments (classrooms and
lunch rooms) of rural nursery schools and in an urban nursery. For that, PM concentrations
were compared between rural and urban nursery schools and with Portuguese legislation and
WHO guidelines for IAQ and children’s health. Thus, this is the only study comparing urban
and rural nurseries considering the PMy, PM2.s, PM1o and TSP fractions (measured continuously

and in terms of mass).

2. Materials and methods

2.1. Sites description

A pre-inspection to the studied nursery schools and rooms (through observations and interviews
with the staff) was developed to capture relevant information on activities, building

characteristics and potential sources of pollution.

This study was carried out in three rural nursery schools (RUR1, RUR2 and RUR3) located in
Braganga district without significant influence of traffic emissions, and in an urban nursery

school (URBL1) located in Porto city (influenced by traffic emissions).

These four nursery schools have different management models: i) RUR1 is a public preschool
managed with public funds by the municipal authorities and the Ministry of Education; ii)
RUR2 and RUR3 are managed by non-profit social solidarity institution, and with a mix of

public and private funds; and iii) URBL1 is a full private for-profit nursery school.
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The front of URBL building is surrounded by a street with a high volume of traffic while RUR2
and RUR3 schools are surrounded by low volume traffic streets in residential areas. RUR1 is

located near a forested area.

In RURL there were children aged from 3 to 6 years separated in three classrooms located on
the ground floor. Although the building has an HVAC system and electric heaters, these were
not used during the sampling period, thus dominated natural ventilation (DNV) was considered

for all classrooms.

RUR2 nursery school cares for 3 to 6 year old children and has only one classroom with air
conditioning, but this unit was not in use during the sampling period, thus DNV was also

considered.

In RURS3 children were aged up to 3 years old divided in 2 classrooms. The centennial building
where it is located was in the past a primary school, but after 2011 it was remodelled to become
a nursery school preserving the basic structural characteristics while providing the necessary
comfort and functionality. Like RUR2, RUR3 had an HVAC system and electric heaters that

were also turned off during the sampling period and DNV was considered.

URBL nursery school had children from 3 months to 6 years of age divided in 6 different
classrooms located on three floors. During the sampling periods, air conditioning and
dehumidifier were frequently used in classrooms A and B, thus dominated forced ventilation
(DFV) was considered in these cases. During the study period the younger children (3 months

to 1 year) spent the entire school period inside the classroom including sleeping time and meals.

All the studied nursery schools had a lunch room on the ground floor with a kitchen using gas
stoves with exception of RUR3 where the meals were previously prepared in RUR2. It was also

observed that in RUR1 preschool children had lunch together with the primary school students.
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The general clean-up on the rural nursery schools was done by the school staff, while in the
urban school was carried out by an external company. All schools’ clean-up was done before
the rest periods and at the end of the lunch time in the classrooms where children did not eat in

the lunch room.

Measurements were performed in 2 classrooms in RUR1 and RURS3, 1 classroom in RUR2 and
3 classrooms in URB1, as well as in the lunch rooms of all nursery schools. Table 1 summarizes

the main characteristics for IAQ in each considered microenvironment.



159 Table 1 — Summary of the main characteristics of each studied microenvironment and sampling periods.

160

Sampling time

Nursery Room  Type of use aCl:l(dg:l,ss) Floor ?;3? ( Crglzcliaa-t::tnaff) olzzl:m:tic())fn Ventilation (weekdays +
ge (y P weekend days)
FO?: 25+2 09h —12h .
A Classroom 4-5 Ground floor 63 PO 6 4 2 14h — 15h30 DNV 2+2
09h — 12h
RUR1 B Classroom 5 Ground floor 48 20+2 14h — 15h30 DNV 3+2
Ground floor FO : ~200
LR Lunch room 3-5 (back) 56 PO - ~21 12h —14h DNV 1+0
A Classroom 36 Gro(f;ilgoor 325 14+2 222 1_511223 DNV 4+2
RUR2
LR Lunch room 3-6 Ground floor 26 1442 11h30 - 12h15 DNV 3+0
08h —11h30
13h30 - 18h
A Classroom <1-2 Ground floor 235 23+2 12h30 — 15h30 DNV 4+2
sleeping time
RURS3 ( 8hp 1£ih30 !
- . [ N +
B Classroom 2-3 Ground floor 375 1 (Functioned as support room) 12h30 — 18h DNV 3+0
LR Lunch room <1-3 Gro(‘;)r;‘ikf)'oor 104 24 11h30 — 12h30 DNV 340
1st floor 07h30 — 19h30
A Classroom <2 38 23+2 12h —13h DFV ¢ 4+2
(back) T
(sleeping time)
08h30 — 10h50
1st floor 11h45 — 18h30
URBL B Classroom 2-3 (back) 21 23+2 12h— 15h DFV 4+0
(sleeping time)
2nd floor 09h —11h30
C Classroom 4 (front) 59 29+2 14h — 18h DNV 342
LR Lunch room 2.5 Gro(‘ér:i:)'oor 38 21t 74 11h30 — 13h30 DNV 340

161 a FO — full occupation; ® PO — partial occupation; ¢ DNF — Dominate natural ventilation; ¢ DNF — Dominate forced ventilation
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2.2. Sampling and analysis

Indoor concentrations of PM different fractions (PM1, PM..s5, PM1o and TSP) were continuously
measured using a TSI DustTrak™ DRX 8534 Aerosol Monitor (TSI, USA), using light-
scattering laser method and previously calibrated by the manufacturer. The minimum and
maximum limit detections are 0.001 mg m= and 150 mg m, respectively. The equipment was
submitted to a standard zero calibration (available in the equipment) and data were validated
prior to each measurement in the different rooms. Inside the rooms, the equipment was placed
as close to the middle as possible, far from the windows, doors and room’s corners,
approximately at the same height of the breathing zone of the children. Indoor measurements
were performed for at least 24 consecutive hours in each microenvironment, and, in some cases,
both during weekdays (during occupancy and non-occupancy) and weekends, between April
and June 2014. Hourly averages were calculated from a set of four measurements per hour
(every 15 minutes) during the measurement periods. In RUR1 measurements were also made
both in full occupation (FO) and partial occupation (PO) for one of the classrooms and for the
lunch room (Table 1). The PO period corresponded to the week before the school Easter

holidays.

The indoor hourly mean concentrations were compared with reference standards and guidelines
to obtain the exceedances. Comparisons were performed with national and international
reference values, namely: i) Portuguese legislation for PM1o (50 pg m3, plus 100% margin of
tolerance (MT) if no mechanical ventilation system was working in the room) and PM2 5 (25 ug
m=3, plus 100% MT if no mechanical ventilation system was working in the room) (Portaria n°
353-A/2013); and ii) WHO guidelines for PM1o (50 pug m=) and PM2s (25 pug m?) (WHO,
2010). These comparisons were performed considering 8-hour running means that were
calculated per day of measurement for the Portuguese legislation and hourly means for WHO
guidelines.

10
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Hourly PM2.s and PMzo outdoor concentrations were obtained to calculate indoor/outdoor (1/0)
ratios. Data was obtained for rural nursery schools, in the subsequent days after indoor
measurements and with the same equipment used indoors, and for the urban nursery school
from the nearest air quality station from the Air Quality Monitoring Network of the Porto
Metropolitan Area, managed by the Regional Commission of Coordination and Development
of Northern Portugal (Comissdo de Coordenacéo e Desenvolvimento Regional do Norte) and
under the responsibility of the Ministry of Environment. This station is classified as urban

traffic and it is representative of the urban area studied (Mesquita, 2007).

3. Results and Discussion

3.1. PM concentrations

No significant differences were observed on PM concentrations between different weekdays;
as the daily patterns during the different sampling weekdays in each room were very similar,
the mean daily profiles for weekdays were considered to represent an average 1AQ scenario.

The same was considered for weekends.

Fig. 1 shows the mean daily profiles of PM1, PM2s, PM1o and TSP (a) to d), respectively), for
RURL. Figs. 2-4 show the same for RUR2, RUR3 and URBL, respectively. Table 2 summarizes
the basic statistical parameters (minimum, maximum, mean and median) of the hourly means

for each microenvironment for the four nursery schools.

11
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205  Figure 1. Mean PM concentrations for RUR1: a) PM1, b) PM2s, ¢) PM1o and d) TSP.
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211 Figure 3. Mean PM concentrations for RUR3: a) PM1, b) PM2, ¢) PMyo and d) TSP.
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15



215 Table 2 — Statistical parameters of the hourly mean data for each room studied at all nursery schools.

Nursery RUR1 RUR2 RUR3 URB1
Room Aro?  Aro” B LRro® LRpo® A LR® A B LR A B C LR
Min 4.00 8.00 200 1200 1250 5.00  5.00 8.00 6.00 7.00 1247 715 10.00 850
PM: (g M) Max 4375 5200 2425 5275  37.00 83.00 43.67 101.75 18.75 45.00 5442 5523 8041 47.25
Mean 1279 2016 899  31.00 17.88 1465 13.06 27.78 9.80 17.67 29.82 2541 2752 2437
Median 1075 17.75  8.00  27.88  16.00 12.25  10.63 2200 9.00 15.00 2947 2592 1846 23.13
Min 4.00 8.00 200 1200 1250 5.00  5.00 825 6.00 7.00 1260 722 10.00 8.75
PMas (g M) Max 4425 5275 2475 5400  37.25 83.50  44.00 103.50 19.00 45.75 55.25 56.10 82.22  47.75
Mean 1298 2032 9.03 3172 17.93 1476  13.14 28.06 991 17.85 30.14 2570 28.05 24.67
Median 11.00 18.00 800 2863  16.00 12.25  10.75 2225 9.00 15.00 29.98 26.07 1851 23.25
Min 5.00 9.25 250  16.00  13.00 500  5.50 9.00 6.00 7.00 1387 973 1013 1450
PMuo (ug ) Max 9475 108.75 52.75 108.25  41.25 92.50 63.33 177.00 3175 77.50 97.60 99.53 154.11 73.75
Mean 1798 2551 12.09 5828  19.12 19.08  16.91 38.62 1243 2274 40.99 3576 4500 34.32
Median 11.38 1950 888 5550  16.50 13.00  11.00 29.25 10.00 15.75 40.30 3317 21.83 3263
Min 533  11.00 275 1750  13.00 500  5.50 9.00 625 7.00 1430 1085 10.13 17.75
TSP (ug m) Max 20400 23450 11350 229.00 47.25 169.75 131.00  388.75 48.00 163.75  240.98 24538 319.08 138.25
Mean 30,52 3560 19.30 101.75  20.45 29.75  26.33 67.32 15.85 31.79 66.28 57.96 84.41 51.94
Median 1150 21.00 1025 9375  17.00 1350 11.88 3550 11.13 15.88 48.12 3585 27.41 40.88

216 2 Aro — Classroom A in full occupation; ® Aro — Classroom A in partial occupation; ¢ LRro — Lunch Room in full occupation; ¢ LRro — Lunch Room in partial occupation; ¢ LR - Lunch Room

16
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According to Figs. 1-4, it was possible to identify for all size fractions a typical profile for the
PM concentration evolution at the classrooms of all nursery schools: the concentrations
increased at the beginning of the morning (between 7h and 9h), and decreased at the lunch hour
(11h to 13h) when most of the children went to the lunch room. After the lunch period PM
concentrations rose again until the school closed. The concentrations decreased sharply during
the evening and midnight hours. In the lunch rooms the concentrations increased during the
lunch period. The lowest concentrations were registered during the non-occupation periods

(evening and midnight hours).

During weekends the profiles were generally constant for all the fractions, with the exception
of Classroom A in URB1 (Fig. 4 a) to d)) in which there was a peak from 18h to 21h due to an
open window during the measurement period allowing the entrance of outdoor PM probably

from traffic emissions.

In RUR1 the highest concentrations from all size fractions were verified in the lunch room
during FO, probably due to an elevated re-suspension caused by the occupants’ movements
(Fig. 1). Besides transported by children (on shoes and clothes) particles from outside could
have contributed to the indoor concentrations. Classroom A registered higher PM
concentrations than Classroom B, because the first was occupied by older children that had
greater mobility and a higher level of activity which significantly contributed to the re-
suspension of particles. Branco et al. (2014a) reached the same conclusion. However,
Classroom A in PO registered higher concentrations than in FO (the most common in
Portuguese nursery schools). Thus, it seems that a low number of children in the classroom is
enough to increase PM concentrations, which might be due to the children’s activities. For the
finer fractions (PM1 and PM2s) differences between the concentrations in PO and FO were
more pronounced when compared with the differences registered for the coarser fractions (PM1o

and TSP) (Fig. 1), which lead to conclude that children’s activities inside classrooms mainly

17
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contributed to decrease IAQ by increasing PM concentrations (namely finer fractions) to more

dangerous levels to children’s health.

In RUR2, RUR3 and URBL the concentration peaks in classrooms and lunch rooms matched
not only the occupation periods in which the children’s activities caused particles re-suspension,
but also the cleaning activities (late afternoon in classrooms and before meals in lunch rooms).
In RURS3 the average concentrations registered in the classroom and lunch room during
occupation periods were similar, once the doors, permanently open to the inner corridors, made
these two spaces to work virtually as a single space (Fig. 3). In URB1 an increase of
concentrations was detected in Classroom B during a non-occupation period (00h to 03h),
which was probably due to an open window during the measurement period and meteorological

factors that led to the entrance of particles from vegetation near this room (Fig. 4).

On average, URBL registered PM concentrations higher than rural nursery schools, probably
due to the higher traffic around this site (Table 2). Tong and Lam (1998), Fromme et al. (2005)
and Yoon et al. (2011) also reported higher PM concentrations in urban nursery schools than in

rural ones.

The concentrations reported from research in Asian countries (Zuraimi and Tham, 2008; Yang
et al., 2009; Yoon et al., 2011) were in general considerably higher than those found in this
study. Zuraimi and Tham (2008) and Yang et al. (2009) reported, respectively, PM2s and PM1o
mean concentrations of 69.5 ug m= and 106.67 pug m higher than those measured at all sites
here reported. Yoon et al. (2011) reported TSP mean concentrations (71.01 ug m) similar to
those observed in URB1, although they studied rural nursery schools and the concentrations
obtained (52.12 pg m) were higher than those found in all rural nursery schools here studied.
The concentrations recorded in the present study were, in general, similar to those reported in

other European studies (Fromme et al., 2005; Wichmann et al., 2010; Branco et al., 2014a).
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Wichmann et al. (2010) reported mean values of PMs (8.4 ug m™) similar to concentrations
observed in Classroom B of RURL1 and in Classroom B of RURS3, although their measurements
were performed in an urban context. Branco et al. (2014a) also studied the same PM fractions
in urban nursery schools of Porto city and reported similar mean concentrations of PM;
(Classrooms: 25.85 pg m=; Lunch rooms: 30.40 pg m=), PMzs (Classrooms: 26.84 pug m;
Lunch rooms: 31.71 pug m3), PMio (Classrooms: 33.37 pug m; Lunch rooms: 39.74 pg m),
and TSP (Classrooms: 53.11 pg m™; Lunch rooms: 60,40 pug m) to those recorded in URB1.
Cano (2012) reported mean concentrations of PM1o much higher, both in Porto (230 pug m=)
and in Lisboa (4505 pg m) than those here studied. According to the variety of values reported,
it can be concluded that PM concentrations not only depend on the environmental and social

contexts, but also on children’s activities and internal characteristics of the buildings.
3.2 PM size distribution

Three different ratios (PM1/PM2.s, PM2s/PM1o; and PM1o/ TSP) were calculated considering the
hourly mean concentrations for three different conditions: i) weekday occupancy; ii) weekday

non-occupancy; and iii) weekend (when applicable). Results are represented in Table 3.
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282 Table 3 — PM size distribution in each studied microenvironment: mean values according to occupancy patterns.

Weekdays
Weekends
Nursery  Room During occupation During non-occupation
PM1/PM2s PM2s5/PM1o PM1o/TSP PM1/PM2s PM2s/PMio PM1o/TSP PM1/PM2s PM2s/PMio PM1o/TSP
Aro? 0.98 0.63 0.52 0.99 0.96 0.98 1.00 0.99 1.00
RUR1 B 0.99 0.66 0.51 1.00 0.93 0.95 0.99 0.96 0.99
LRro® 0.99 0.64 0.64 - - - - - -
A 0.99 0.66 0.56 1.00 0.93 0.93 1.00 0.96 0.98
RUR2
LR¢ 0.99 0.66 0.48 1.00 0.87 0.85 - - -
A 0.99 0.66 0.54 1.00 0.95 0.96 1.00 0.98 0.99
RURS3
B 0.98 0.72 0.73 1.00 0.95 0.97 - - -
A 0.99 0.64 0.54 0.99 0.91 0.96 0.99 0.89 0.96
B 0.99 0.79 0.80 0.99 0.72 0.68 - - -
URB1 C 0.98 057 0.50 0.99 0.87 0.89 0.99 0.97 1.00
LR 0.99 0.64 0.49 0.99 0.76 0.78 - - -

283 2 Aro — Classroom A in full occupation; ® LRro — Lunch Room in full occupation; ¢ LR - Lunch Room
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For all conditions and microenvironments PM1/PM:s ratio was close to 1, meaning that the
majority of PM2s was due to particles with less than 1 um diameter. Alves et al. (2015) that
conducted an air quality monitoring campaign in a secondary school of the municipality of
Anadia (Portugal) reported the same for all measured spaces. On weekends and non-occupancy
periods, PM concentrations were mainly due to the finer fractions, with PM2s/PMjo ratio close
to 1, in contrast with the occupancy periods (PM2s/PMi mean ratio of about 0.60, and
PM1o/TSP mean ratio of about 0.56), showing the contribution of coarser particles in those
periods. These results are consistent with findings made for Alves et al. (2015) that reported
lower PM2 s/PMyo ratios for occupancy periods than in “day + night” periods (day + night refers
to the entire monitoring campaign, comprising occupancy and vacant periods). Therefore, it
was possible to confirm the association between children’s activities and PM concentrations:
during occupation periods coarser particles re-suspended, settling during non-occupation
periods when there were no movements inside the rooms. Alves et al. (2013) also pointed for
an urban kindergarten in Aveiro, Portugal that the settling of coarser particles after school hours

contributed to increased submicron particles PM1/PM s ratios during the night.

The ratios calculated for RUR2 showed similar values in the classroom and in the lunch room
due to the permanently open doors to the inner corridors of these two microenvironments. In
URB1 the PM2.5/PM1o and PM1o/TSP ratios were lower in Classroom C (older children) than
in A and B (younger children) showing that the level of children’s activity (higher for older
children) and their activities in general, boosted the re-suspension phenomenon, mainly of the
coarser fractions. Alves et al. (2013) also reported, that human activity was seemingly the most
important factor to account for the indoor levels of coarse particles. Thus, it is expected to find
the highest concentrations of coarser PM fractions at the classrooms occupied by older children.
However this conclusion can only be applied for nursery schools because for higher education

levels students have lower activity levels (seated during the class periods). Alves et al. (2015)
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reported for computer classrooms in a secondary school, higher PM2s/PMio (0.74) and
PM1o/TSP (0.82) ratios than in Classroom C of URB1, which presupposes a lower re-
suspension phenomenon contribution in this case. Branco et al. (2014a) also reported for
nursery schools that the highest PM concentrations were usually found at the classrooms
occupied by older children for all size fractions; however, for the study here reported this
behaviour was observed only for the coarser fractions, which was also verified by Alves et al.
(2013). The results seemed to indicate that the finer fractions (PM..s) probably depended more

on internal features of the rooms than on children’s activities.

Despite these results it must be considered that a wide range of PM1/PM2s and PM2.s/PM1o
ratios has been reported worldwide for different schools, depending on season, meteorology,
occupancy rates, physical characteristics of buildings, activities inside the classrooms and

ventilation habits.

3.3 Comparison with standards and guidelines

Table 4 shows the exceedances (%) to the standards and guidelines referred in Materials and

methods section.
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324 Table 4 — Exceedances of hourly mean PM concentrations to WHO guidelines and Portuguese legislation.

Weekdays Weekends
Nursery Room WHO [24h] Portuguese Legislation WHO [24h] Portuguese Legislation
PM2s® PMi®  PM2s2 PMi® PM2sMT®¢  PMiMT¢ PM2s  PMio PM2s PMi  PM2sMT  PMioMT

Aro® 0% 0% 0% 0% na’ na 0% 0% 0% 0% na na

RUR1 B 50% 0% 100% 0% 0% 0% 0% 0% 0% 0% na na
LRro9 0% 0% 0% 0% na na 0% 0% 0% 0% na na

A 0% 0% 50% 0% na na na na na na na na

RUR2 LR 0% 0% 67% 0% na na 0% 0% 0% 0% na na
A 0% 0% 0% 0% na na na na na na na na

RURS3 B 33% 0% 100% 67% 0% 0% 0% 0% 0% 0% na na
A 0% 0% 0% 0% na na na na na na na na

B 0% 0% 100% 100% 0% 0% - na Na na na na

URBL c 100% 0% 100%  33% na na 50% 0% 100% 50% na na
LR 100% 0% 67% 67% na na na na na na na na

325 225 mg m3; 50 mg m-3; €25 mg m + 100% of margin of tolerance (MT); 950 mg m™ + 100% of margin of tolerance (MT); ¢ Aro — Classroom A in full occupation; fna — not applicable; 9 LRro
326 - Lunch Room in full occupation; " LR - Lunch Room
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WHO guidelines for PM2s were exceeded in RUR1 (Classroom A in PO: 50%), RUR3
(Classroom A: 33%), and in all URB1 microenvironments where the highest exceedances were
found. In Classroom A of URB1 exceedances were recorded even on weekends (50%). WHO

guidelines for PM1o were only exceeded in URBL1 (Classroom C: 33%).

According to Portuguese legislation, PM2s and PMz1o exceedances only occurred in URB1
(classrooms A and B and lunch room). The differences between exceedances to WHO
guidelines and to Portuguese legislation in this particular case, may be the result from the non-
application of the MT — in these sites there were mechanical ventilation systems operating
during measurement periods (DFV). Classroom A even reported exceedances on weekends,
which do not contribute to children’s exposure, but allowed indicating that probably there were
internal PM sources in this microenvironment. The study of PM composition may allow to

better understand PM sources in this room.

In general, more exceedances, both to WHO guidelines and to Portuguese legislation, were
found for the finer fraction (PM2s), which is more harmful to human health than the coarser
(PMyo) fraction. Branco et al. (2014a) also reported more exceedances to WHO guidelines for
the PM2 s fraction. As far as known this is the only study beyond the present one that performed
comparisons with national and international reference values for nursery schools. Therefore,
and for a more complete analysis comparisons were made with values obtained for other types
of schools. Alves et al. (2015) also reported more exceedances to the Portuguese legislation for
PM2 s fraction, and Rovelli et al. (2014) found in three primary and four secondary schools
located in the urban area of Milan PM2s and PMyo 24-h mean concentrations above the
guideline values established by WHO. Moreover, Sousa et al. (2012b) reviewed indoor PM1g
and PM_s at nursery and primary schools and referred that PM concentrations sampled at the
Asian countries largely exceeded WHO guidelines, although there were also found levels

surpassing legislated limits and WHO guidelines in several European countries.
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In places where there were significant exceedances children may have a higher probability of

developing lung diseases, asthma and other respiratory problems (WHO, 2010).
3.4 Indoor/Outdoor ratios

Indoor concentrations were compared with those outdoors using I/O ratios. Mean 1/O ratios

were obtained for each studied room in the four nursery schools and are presented in Table 5.

Table 5 - 1/O ratios for PM2s and PM1o: mean values observed in each studied site for weekdays and weekends and
respective minimum and maximum (min-max).

PMas PMjio

Nursery Room

Weekday

Weekend

Weekday

Weekend

Aro? 1.03 (0.24-5.47) 0.64 (0.39-0.95) 1.23 (0.24-9.17) 0.55 (0.30-0.80)
Apro® 1.49 (0.47-4.21) - 1.62 (0.44-6.10) -
RUR1 B 0.69 (0.12-2.51) 0.43 (0.19-0.81) 0.81 (0.12-4.67) 0.37 (0.16-0.69)
LReo® 2.06 (1.10-3.62) - 2.61 (1.44-4.86) -
LRpo ¢ 1.27 (0.68-2.10) - 1.11 (0.61-1.72) -
RUR2 1.06 (0.47-4.40) 0.43 (0.26-0.61) 1.13 (0.42-4.24) 0.38 (0.22-0.57)
0.93 (0.29-3.63) . 0.97 (0.26-4.62) -
A 2.08 (0.76-6.77) 0.66 (0.41-0.90) 2.36 (0.69-8.59) 0.57 (0.36-0.90)
RUR3 B 0.71 (0.31-1.41) - 0.73 (0.28-1.61) -
LR ® 1.54 (0.53-5.54) - 1.73 (0.47-7.50) -
A 12.21(0.93-44.67)  6.64 (0.49-28.40) 2.99 (0.99-22.84)  1.38(0.43-6.31)
URBL1 B 12.33 (1.98-37.90) - 6.22 (0.62-63.57) -
C 7.39 (1.43-27.41)  5.83(1.36-25.28) 6.19 (0.39-70.88)  2.04 (0.45-13.83)
LR 5.67 (0.90-23.88) - 3.04 (0.37-50.25) -

2 Aro — Classroom A in full occupation; ® Aro — Classroom A in partial occupation; ¢ LRro — Lunch Room in full occupation;
4 LRpo — Lunch Room in partial occupation; ¢ LR - Lunch Room

In general, the 1/0O ratios were higher than 1 during weekdays in the rural nursery schools as
well as in the urban one, which was probably associated with the activities and the re-suspension
phenomenon. These results are consistent with the findings from Yoon et al. (2011) and Cano
et al. (2012) in Korean and Portuguese nursery schools, respectively. As far as the authors
knowledge goes there are only few studies in nursery schools which referred 1/0 ratios (Yang
et al., 2009; Cano et al., 2012; Branco et al., 2014a), so comparisons were made with other

types of schools environments. Parker et al. (2008) that performed a study in an elementary

25



369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

school in Salt Lake City (UT, USA) reported that indoor sources resulted in indoor coarse PM
concentrations being higher than outdoors when the building was occupied, which is in
agreement with the results obtained from this study, and reported by Almeida et al. (2011) and
Jovanovi¢ et al. (2014) from Portuguese and Serbian primary schools, respectively.
Specifically, Classroom B in RUR3 registered an 1/O ratio of 0.71 which was expected since
this room had little activity. In contrast, Guo et al. (2010) that studied PM.s concentrations in
a school of Queensland Australia did not found a significant difference in I/O ratio between

occupied and unoccupied conditions in the classrooms.

In URBL, classrooms A and B registered the highest 1/0 ratios for PM2s. Tippayawong et al.
(2009) also reported for schools environments of Chiang Mai, Thailand higher 1/O ratios for
smaller fractions. However, in this case 1/O ratios were less than 1. During the weekend periods,
URBL1 registered 1/0O ratios higher than 1 in all microenvironments, which suggested that the
outdoor influence on PM indoor concentrations was not significant when compared with indoor
sources, namely the re-suspension phenomena. However, in rural nursery schools the ratios
obtained for all classrooms were lower than 1. Crist et al. (2008) reported for rural and urban
primary schools in Ohio, USA /O ratios lower than 1 in non-school days. Branis and J.
Safranek (2011) also reported 1/0 ratios lower than 1 in weekends + holidays periods for school
gyms in urban, periphery and suburban primary schools in Prague, Czech Republic. These
results also suggest that occupation and ocupants activities can significantly increase the indoor
PM concentrations.Yang et al. (2009), Goyal et al. (2009) and Ismail et al. (2010) that
performed studies in a school building located near an urban roadway in Delhi City India and
in primary schools of Terengganu Malaysia, respectivly, reported 1/O ratio values for PMyg of
2.06, 2.45 and 2.60, respectively, similar to URB1. Branco et al. (2014a) reported higher 1/0

ratios, which were higher in the classrooms when compared to the lunch rooms. The same was
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verified in this study; however, the reported mean values both for weekdays and weekends (4.35

and 1.78, respectively) were slightly lower than those registered in URB1.

4. Conclusions

This study allowed to better understand the behaviour of PMi, PM2s, PMy and TSP
concentrations in rural and urban nursery schools, with full, partial and without occupation, and
the influence of environmental and social characteristics on the concentrations of nursery

schools’ microenvironments.

Mean PM concentrations for all fractions were higher in the urban nursery school than in the
rural ones, which might have been related to outdoor traffic emissions. Despite this, results
from 1/O ratios allowed to conclude that the recorded concentrations depended more

significantly on indoor sources.

According to WHO guidelines and Portuguese legislation, exceedances for PM2s and PMio
were found mainly in the urban nursery school. In the classrooms occupied by older children,
higher PM concentrations of coarser fractions were observed, probably due to the re-suspension
phenomenon, which was boosted by children’s mobility. However, measurements during
partial and full occupation periods demonstrated that a low number of children in the classroom
was enough to increase PM concentrations (as shown by the higher concentrations in partial
occupation periods than those in full occupation periods), which might be due to the children’s
activities. Cleaning and cooking activities as well as children mobility appeared to be the major

causes of the reported concentrations in lunch rooms.

Considering the results achieved, it is recommended to implement simple measures aiming the
mitigation of the non-compliances found, like the improvement of the air renovation (higher

and efficient ventilation habits) and changes in cleaning activities’ (more efficient techniques
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for removing dust), which would consequently improve children’s and childcare workers’

overall life quality.

In the future it could be important to study nursery schools in suburban context as well as other
microenvironments, such as homes, to help supporting these findings and to study the
association of PM indoor air pollution with children’s daily exposure. Determining PM
composition is also important to better understand the differences between distinct contexts and

to clearly identify sources of PM in indoor air.
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