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Abstract

This study, Part Il of the larger study “Childrer@gposure to indoor air in urban nurseries”,
aimed to: i) evaluate nursery schools’ indoor cotragions of several air pollutants in class
and lunch rooms; and ii) analyse them accordingguadelines and references. Indoor
continuous measurements were performed, and outdmacentrations were obtained to
determine indoor/outdoor ratios. The influence ofdoor air seemed to be determinant on
carbon monoxide (CO), nitrogen dioxide (jy@nd ozone (€) indoor concentrations. The peak
concentrations of formaldehyde and volatile orgamompounds (VOC) registered (highest
concentrations of 20d4nd 2320ug m* respectively), indicated the presence of speiifioor
sources of these pollutants, namely materials emifiormaldehyde and products emitting
VOC associated to cleaning and children’s speatfitivities (like paints and glues). For
formaldehyde, baseline constant concentrationsgaioa day were also found in some of the
studied rooms, which enhances the importance @flohgf the study of children’s short and
long-term exposure to this indoor air pollutant. WWHCO, NG and Q never exceeded the
national and international reference values for 1&@l health protection, exceedances were
found for formaldehyde and VOC. For this reasohealth risk assessment approach could be
interesting for future research to assess childrbaalth risks of exposure to formaldehyde and
to VOC concentrations in nursery schools. Changiegning schedules and materials emitting
formaldehyde, and more efficient ventilation whilsing products emitting VOC, with the

correct amount and distribution of fresh air, wod&trease children’s exposure.
Keywords

Indoor air, nursery school, children, exposureJtheésk assessment
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1. Introduction

Exposure to air pollutants in indoor environmentsyrtead to health effects, from discomfort
symptoms to the prevalence of respiratory or eadiovascular diseases and/or carcinogenic
effects, mainly lung cancer and childhood leukaeffranklin, 2007; Jones, 1999; Lin et al.,
2013). The World Health Organization (WHO) selecpedticulate matter (PM) and some
gaseous compounds as crucial to verify Indoor Airaidy (IAQ), namely radon, carbon
monoxide (CO), nitrogen dioxide (N polycyclic aromatic hydrocarbons, formaldehydd a
other volatile organic compounds (VOC) as benzeraphthalene, trichloroethylene, and
tetrachloroethylene (WHO, 2010). The increasingceom about those pollutants led WHO and
national governmental organizations, like the WhiBates Environmental Protection Agency
(USEPA) and Health Canada, to define guidelinesstadards to protect people’s health by
ensuring a better IAQ.

There were found some studies on children’s exgosuindoor air in nursery schools, but
some of them were merely focusing on ventilatioB, @nd/or comfort parameters, PM or even
biological compounds (Branco et al., 2014; Brancale 2015; Carreiro-Martins et al., 2014;
Fonseca et al., 2014; Gtadyszewska-Fiedoruk, 2Z0atiureira et al., 2015; Nunes et al., 2015;
Theodosiou and Ordoumpozanis, 2008). Neverthefaggjmi and Tham (2008) investigated
indoor concentrations of several air pollutantgleating their sources in child care centres in
the tropical region of Singapore. Despite the langenber of child care centres and air
pollutants assessed, samplings were only conduotélde middle of the week and during
occupation periods, which did not allow understagdipotential differences between
occupation and non-occupation periods. Yoon €2ll1) measured indoor air concentrations
of several chemical compounds (including TVOC amnialdehyde) besides PM in Korean
pre-schools. However, N(lalso considered crucial to IAQ by WHO) was nohgidered in
that study. Roda et al. (2011) investigated IAQafis child care centres to compare it with
dwellings by measuring biological and chemical pialhts, besides comfort parameters.
However, chemical pollutants were measured pagsigdeiing an entire week (except the
weekend), which did not allow to understand politdavariations along the day. St-Jean et al.
(2012) also studied IAQ in day care centres of Maalt(Canada) to determine its associations
with building characteristics. Despite consideranfgw different chemical compounds as well

as a VOC selection, passive sampling was also fseidrmaldehyde and VOC sampling,
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which did not allow understanding pollutants vaodas along the day, and no outdoor
measurements were used to understand the outdbgenoe on nursery schools’ indoor air.

Also in the AIRMEX study (Geiss et al., 2011), imieh 23 different VOC were measured in

public buildings including schools and kindergastein eleven European cities, passive
sampling was used with the duration of a full 7slexeek, not allowing to understand variations
along the day and between occupation and non-otioungaeriods.

Accordingly, following the study already reportextfising on the PM assessment (Branco et
al., 2014) in the scope of INAIRCHILD project (Saust al., 2012), and aiming to reduce the
lacks above referred, this study aims to asseddrehis exposure to indoor air pollution in
urban nursery schools. To meet this goal, the stwaly divided in two parts: i) Part | — GO
and comfort assessment; and ii) Part Il (the pitestaigly) which aimed to: i) evaluate indoor
concentrations of several gaseous air pollutantslifferent microenvironments of urban
nursery schools in Porto city; and ii) analyse &éhogncentrations according to guidelines and

references for IAQ and children’s health.

2. Materials and methods
2.1. Sites description, sampling and analysis

This study was carried out in the city of PortorfBgal) on four different nursery schools
located at urban sites influenced by traffic enoissi (N_URB1, N_URB2, N_URB3 and
N_URBA4), from March to June 2013 in N_URB1, N_UR&® N_URB3, and in November
2013 in N_URBA4. Its main characteristics (includiogcupation, ventilation and cleaning
habits and other specific activities), indoor mameironments considered, and sampling

periods were fully described in Part | of the prestudy (Branco et al., 2015).

Indoor gaseous air compounds, namely CO, formaldieiyQ, Oz, and total volatile organic
compounds (TVOC), were continuously measured usingHaz-Scanner IEMS Indoor
Environmental Monitoring Station (SKC Inc., USA)Xjwepped with high sensitive sensors.
Sampling methods and main characteristics of eaatis are summarized in Table 1. Sampling

procedures, periods and duration were fully descrin Part | (Branco et al., 2015).
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Table 1 — Sampling methods and main characteristiosf each sensor.

Sensor

Detection - Measurement
Sensor minimum Sensor accuracy
methods resolution range
Electrochemical 3 < +/- 10% of reading or 2% of full 3
co detection <1746ugm scale — whichever is greater 0-58200ug m
Electrochemical 3 < +/- 10% of reading or 2% of full 3
Formaldehyde detection 62.5ug scale — whichever is greater 0-5000ug m
Electrochemical 3 < +/- 10% of reading or 2% of full 3
NG detection 4lugm scale — whichever is greater 0-41000ug N
Electrochemical 3 < +/- 10% of reading or 2% of full 3
O detection 2.14pg m scale — whichever is greater 0-1070ug m
— T . o
TVOC Photoionization 230pg m? < +/- 10% of reading or 2% of full 0-115385ug

detection (PID) scale — whichever is greater

The mean values were compared with reference s@s@ad guidelines aiming to evaluate
exceedances and/or non-compliances. Comparisores peeiormed considering national and
international reference values for general indaorirenments, namely: i) Portuguese 2006
legislation (hourly meansPcreto-Lei n° 79/200@or CO (12 500 pg ), Os (200 pg 1),
formaldehyde (100 pg 1), and TVOC (600 pg i); ii) Portuguese 2013 legislation (Portaria
n° 353-A/2013) for CO (10 000 pgiy formaldehyde (100 pg ), and TVOC (600 ug i
plus 100% of margin of tolerance (MT) if no mecltahiventilation system was working in the
room); iii) WHO guidelines (WHO, 2010) for CO (35D@rg m?® for hourly mean), N@(200

pg m for hourly mean) and formaldehyde (100 pg far 30 minutes mean); and iv) Health
Canada guidelines (HealthCanada, 2013) for, N@0 pg m? for hourly mean) and
formaldehyde (123 pg ™for hourly mean). For the Portuguese 2013 legisiat8-hour
running means were calculated and the daily maximasicompared with the reference value.
Although Portuguese 2006 legislation was officialplaced by the new Portuguese 2013
legislation, comparisons were made with both dubecclear differences between them, which
allowed concluding on the expected impacts fromeghy@ication of the new one.

Simultaneously, hourly N©and Q outdoor concentrations were obtained from theestair
quality station, classified as urban traffic angiresentative of the area (CCDR-N, 2011),
because only one equipment was available inhibgingultaneous measurements outside the
nursery schools. These measurements were conductee Air Quality Monitoring Network

of Porto Metropolitan Area, managed by the Regio@ammission of Coordination and
Development of Northern Portugaldmissao de Coordenacédo e Desenvolvimento Regional
do Nort§ under the responsibility of the Ministry of Enmirment. These concentrations

allowed calculating the correspondent indoor/outdd®) ratios.
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2.2 Statistical analysis

Data were tested for normality with both Shapirdii¥&ind Anderson-Darling tests. If normal,
the differences between hourly mean concentrationdifferent sampling days for each
microenvironment were analysed by a parametric iveg&test; in the other cases, the non-
parametric Kruskal-Wallis test was used for therogavironments where there were more than
two complete sampling days, and the Wilcoxon Ramk Sest (also called Mann-Whitné&y
test) was used for those where there were onlyctwoplete sampling days.

The one-sample paramettitest was used to analyse if the differences atbegday were
significant for normal distributions; for other thibutions, the non-parametric Wilcoxon

Signed Rank Test was used.

To analyse other differences, namely between weekdad weekends, as well as between
different microenvironments and nursery schools, jarametric unpairedtest or the non-
parametric Wilcoxon Rank Sum Test was used, resdgivhen distributions were normal or
not. In all cases, a significance level) (of 0.05 was considered. Descriptive statistics wa
calculated using MS Exce(Microsoft Corporation, USA), and other statistianalyses were
determined using R software, version 3.1.2 (R Digwalent Core Team, 2014).

3. Results and discussion

Table 2 summarizes the main statistical paraméteirsmum, maximum, mean, median and

standard deviation) of the hourly mean for eachmrad the four nursery schools.

When comparing two or more consecutive sampling ddythe studied microenvironments,
statistically significant differences were founm<(0.05) in 83.3%, 50% and 75% of the cases
regarding CO, N@and Q, respectively. For formaldehyde and TVOC, it was pmssible to
make these statistical comparisons because coatiens were usually specific in time.
Despite this, a daily mean scenario in each micioenment was assumed for the following

analyses of all the studied pollutants.



150 Table 2 — Statistical parameters of the hourly meanata for each room studied in the four nurseries.

Nursery N_URB1 N_URB2 N_URB3 N_URB4
Room A B C LR A B C LR A B LR A B LR
Min 913 1577 0 0 1498 1996 0 1949 1240 3077 734 0 0 0
co Max 4956 4347 2578 2879 3711 3902 2689 3211 2618 3916 2544 1972 89.9 1165
(ug ) Mean 2599 2765 463 1230 2359 2786 971 2552 1960 3477 1513 604 = 4.2 83
Median 2476 2571 158 1152 2297 2723 893 2511 1984 3487 1438 669  0.00 0
StDev. 940 1043 608 531 521 520 577 333 329 224 541 444 157 221
Min 0 0 0 0 0 0 0 0 0 0 0 0 12 0
Formaldehyde Max 146 0 0 9 0 0 204 0 2 0 6 50 87 77
(ug ) Mean 2 - - 0 - - 8 - 0 - 0 35 35 2
Median 0 - - 0 - - 0 - 0 - 0 38 35 0
StDev 12 - - 1 - - 33 - 0 - 1 9 18 11
Min 0 - 1 0 87 49 36 57 80 109 114 - - -
NO, Max 57 - 75 84 148 131 171 142 138 189 155 - - -
(ng m°) Mean 6 - 40 22 121 73 62 93 113 136 138 - - -
Median 0 - 41 18 124 72 58 90 115 133 140 - - -
StDev 13 - 19 21 15 15 16 22 13 20 9 - - -
Min 0 15 2 4 1 8 1 9 9 10 17 7 5 12
Os Max 20 32 53 49 23 39 28 61 48 25 57 27 13 32
(ug ) Mean 13 24 18 23 13 17 20 26 18 16 38 9 10 19
Median 15 23 14 22 12 15 20 20 16 15 40 8 10 18
StDev 5 5 10 9 3 7 4 14 7 4 7 3 2 5
Min 0 0 0 0 0 52 0 0 0 0 0 0 0 0
TVOC Max 354 54 373 132 202 276 2320 197 307 20 388 0 0 12
(ng m°) Mean 17 3 8 8 92 141 104 8 5 2 12 - - 0
Median  0.00 0 0 0 90 115 0 0 0 0 0 - - 0
StDev 59 10 42 27 54 62 310 36 31 6 58 - - 1

151 A — Classroom A; B — Classroom B; C — ClassroombL®E~ Lunch Room



152 3.1 TVOC and formaldehyde

153  TVOC mean concentrations from the studied clasdumth rooms in N_URB1, N_URB2 and

154 N_URBS3 are represented in Figure 1 a), b) andespectively. N_URB4 is not represented in
155 Figure 1 because concentrations were zero or esedo zero (maximum concentration
156  observed equal to 4 pgin(Table 2).
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(©)
157  Figure 1 - Daily profile of TVOC mean concentratiors registered indoors of a) N_URB1,
158 b) N_URBZ2, and ¢) N_URB3.

159  Although different concentrations and daily pradileere observed, it is clear that the presence
160 of TVOC occurred mainly during occupation periodsich seemed to be result of typical
161  children activities associated with the use of {gaand glues. The concentrations measured
162  while the nursery schools were closed (night aneékeed) were very close to zero, with
163  exception of classrooms A (both on weekdays andered), B and C (on weekdays) of nursery
164 school N_URB2 (Table 2) in which it seemed to exastcontinuous source of VOC.

165  Additionally, peak concentrations were observedhg beginning of the morning, during or



166  immediately after lunch time and in the afternobhese TVOC concentrations in the indoor
167  air immediately before and/or after the occupapenods in the classrooms were associated

168  with the cleaning activities using products thaiteed VOC.

169  Figure 2 shows the formaldehyde mean concentrafimnga) classroom A (weekdays) and
170  lunch room of N_URB1, classroom C (weekdays) of RB2 and classroom A (weekdays)
171 and lunch room of N_URBS3, and b) N_URB4. The fome&lyde concentrations for the
172 remaining studied rooms are not represented becamaentrations were close to zero (Table
173 2) in all those cases, except for weekend on @assrA of N_URB4 which was due to
174  instrument error. No daily profile was found forrmaldehyde concentrations on the different
175  studied rooms. The highest concentrations wererebden classroom C of N_URB2 during
176  weekdays, where there was a peak in the morniner (d&fe opening hour), which decreased
177  through the morning until the period after lunchl @nsecond peak (lower) was found about 5
178 p.m.. These peaks matched the periods of entramtext from the classroom. In the other
179  rooms represented in Figure 2 a) concentrations wlese to zero. Regarding N_URB4, in the
180 lunch room, concentrations were close to zero, gxaethe beginning of the morning, during
181  and after lunch, also periods of entrance and kxdbor formaldehyde concentrations seemed
182  toindicate the presence of specific indoor soutgethis pollutant, namely the use of materials
183 emitting formaldehyde (mainly furniture). The higheoncentrations during occupation
184  periods, characterized by some peaks, seemed toabdy related to entrance and/or exit
185  periods, associated with moving the furniture @akdnd chairs).
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186  Figure 2 — Daily profile of formaldehyde mean conadrations registered indoors in a)

187 classroom A (weekdays) and lunch room of N_URBI1, atsroom C (weekdays) of
188 N_URBZ2, classroom A (weekdays) and lunch room of URB3; and b) N_URBA4.



189
190

191
192
193

194

Table 3 — Exceedances (%) to WHO guidelines and Plaguese legislation (2006 and 2013) reference vatuef formaldehyde and TVOC measured on weekdays and
only during occupation periods.

Weekdays During occupation
Nursery Room Portuguese 2006 legislation WHO Portuguese 2013 legislation Portuguese 2006 legislation WHO
Formaldehydet  TVOCP Formaldehyde Formaldehyde® TVvOC® Formaldehydet  TVOCP Formaldehydef

A 1 0 1 0 0 2 0 2
N URBL B 0 0 15 0 0 0 0 22
- C 0 0 0 0 0 0 0 0
LR 0 0 0 0 0 0 0 0
A 0 0 0 0 0 0 0 0
N URB2 B 0 0 0 0 0 0 0 0
- C 6 11 6 33 33 18 29 17
LR 0 0 0 0 0 0 0 0
A 0 0 0 0 0 0 0 0
N_URB3 B 0 0 0 0 0 0 0 0
LR 0 0 0 0 0 0 0 0
A 0 0 0 0 0 0 0 0
N_URB4 B 0 0 0 0 0 0 0 0
LR 0 0 1 0 0 0 0 0

a) % of the hourly mean concentrations above tfezarce value of 100 pg-b) % of the hourly mean concentrations abovedference value of 600 pginc) % of the 30-min mean
concentrations above the reference value of 100§ gl) % of 8-hour running mean concentrations atiheereference value of 100 pg®me) % of 8-hour running mean concentrations above
the reference value of 600 ugdm

10
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Table 3 shows the number of non-compliances anéeslances (%) to the standards and
guidelines referred in section 2.2. The valuesgmtx] on the table are the percentage (%) of
the measured hourly means which were above theuqr@mse 2006 reference values, the
percentage (%) of the 30-min means which were abloweVHO reference value (only for
formaldehyde), and the percentage (%) of the da#éximum 8-hour running means which
were above the Portuguese 2013 reference values.

In few situations the recommended standard ancegoalvalues for formaldehyde and TVOC
were exceeded. In the case of formaldehyde, theeebances were mainly found during
occupation periods and mainly for the WHO referemakie (WHO, 2010). A health risk

assessment approach could be important to assesshildren’s health risks of short-term
exposure to those high concentrations, and to worifithey are expected to cause mild or

moderate eye irritation.

Formaldehyde concentrations in N_URB4 were sintddhose registered by Yoon et al. (2011)
in Korean urban pre-schools (45.27 pug®mbut far from those registered in Korean
kindergartens (162.69 pg(Yang et al., 2009). Both of those studies foumach higher
TVOC concentrations (591.2 pghand 642.11 pg rrespectively), and both also concluded
that those problems in indoor air were caused bysgons from building materials and
furnishing, worsened by insufficient ventilation esncluded in Part | (Branco et al., 2015).
Formaldehyde concentrations found in classroom ® dfRB2 and in N_URB4 were often
found higher than those reported by Roda et alLl1PMoth in hot and cold season (10.7 and
14.8 pg e, respectively), and higher than those reporte&tdean et al. (2012) (22.9 pg m
3). The selection of classroom materials to useunisery schools’ indoor environments should
be performed with extreme caution by choosing fodelayde-free materials to safeguard
children’s health. Moreover, better ventilation @mt of fresh air and its distribution) could
help to reduce indoor formaldehyde and TVOC conmegionhs. It is important to notice that the
analysis performed in the present study were maddVOC, but further investigations in
specific VOC are needed, as made in previous H\{Biegas et al., 2012; Roda et al., 2011, St-
Jean et al., 2012) which reported considerableandoncentrations in nursery and primary
schools. That will allow comparing the results &itbr understand sources and pathways of

children’s exposure to specific VOC inside nurssfools.

3.2 CO, NO2 and O3

11
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Figure 3 shows the CO mean concentrations in@lbthdied rooms of the four nursery schools
((d) N_URB1, (b) N_URB2, (c) N_URBS3, and (d) N_URB4 is possible to distinguish a
similarity in the daily profile, especially duringeekdays, in all the studied rooms — an increase
in CO concentrations in the early morning and arekse starting at the evening. During
weekend, CO concentrations seemed to have an akoastant profile along the day. In
general, CO concentrations were significantly logyex 0.05) in N_URB4 than in the other
three nursery schools. The highest concentrati@ne found on weekdays in classrooms A and
B of N_URBLI (respectively 4956 and 4347 ug)mnd the lowest were found in classroom B
of N_URB4 (close to zero) (Table 3). In N_URB2, €@ncentrations in classroom C were
significantly lower p < 0.05) than in the remaining rooms of that niysehool. In N_URB3,
CO concentrations in classroom B were significahtgher p < 0.05) than in the other rooms
of that nursery school. As there were not foundiadgor sources, outdoor CO concentrations

were expected to be the main determinant of thedndoncentrations registered.
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240 Figure 3 — Daily profile of CO mean concentrations registenedoors of a) N_URB1, b)
241  N_URB2, c) N_URB3, and d) N_URBA.
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242 NO2 mean concentrations registered in N_URB1, N_URB@ Id_URB3 are represented in
243  Figure 4 a), b) and c), respectively. N@ean concentrations in N_URB4 and in classroom B
244  of N_URBL1 are not represented due to instrument €fihe lowest concentrations were found
245 in N_URB1 and the highest in N_URB3 (Table 2).dotf in classrooms A (both weekend and
246 weekdays) and B of N_URB1 concentrations were adwagry close to zero. Although with
247  significant differences amongst them= 0.06), classrooms of N_URB2 (weekdays), as well
248  as the studied rooms of N_URB3, showed higher watunel significantly different profilep (
249 < 0.05) than those observed in N_URBL1. All of théwee buildings were located in a busy
250 traffic street (N_URB1 and N_URB2 were located e tsame street), but N_URB2 and
251  N_URB3 had a road junction with traffic lights neatthe front facade of the building, which
252 could indicate higher N©emissions from the vehicles exhaust and conselgubigher
253  concentrations of this compound entering into thikding. In classroom A of N_URB2, both
254  in weekdays and weekend, there were found signitfigdnigher valuesg < 0.05) than in the
255  rest of that building, probably due to the locatodhis classroom (in the ground floor and with
256  windows in the front facade of the building). Iretiveekend at some classrooms, indoop NO
257  concentrations were higher than in weekdays becasigbere was no ventilation during the
258  weekend, the high concentrations observed in Fritihyhot decrease maintaining a high and
259  almost constant daily profile during the whole wemd.
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260  Figure 4 — Daily profile of NO2 mean concentrations registered indoors of a) N_URB b)
261 N_URBZ2, and ¢) N_URB3.
262  Figure 5 a), b) ¢) and d) shows ther@ean concentrations determined in the studied soafm
263 N_URB1, N_URB2, N_URB3 and N_URBA4, respectively.idt possible to observe 30
264  concentrations with a similar order of magnitudeoagthe different studied rooms in the four
265 nursery schools, and with no relevant variationgglthe day in all the studied classrooms. The
266  highest values were often found in the lunch ro¢hable 2) during or immediately after lunch
267 time, which in the absence of indoor sources mighiassociated with higher ventilation to
268  outdoors during daytime. The accumulation in thioslkwor microenvironments led to the O
269  highest concentrations during the night and dawmdoin the lunch rooms of N_URB3 and
270 N_URB4. In N_URB4, no relevant variations inz @oncentrations were found in the
271  classrooms. As there are no indoor sourcegd@centrations indoors seemed to be associated
272 with outdoor concentrations.
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273  Figure 5 — Daily profile of O3 mean concentrations registered indoors of a) N_URB b)
274 N_URBZ2, ¢) N_URB3, and d) N_URB4.
275 The outdoor mean concentrations of Néhd Q allowed obtaining a mean daily profile,
276  represented in Figure 6 a) and b) respectivellgoth NQ and Q profiles a similar pattern was
277  found between weekdays and weekend with, d@nhcentrations usually higher on weekdays
278  and with Q concentrations usually higher on weekend. Dailyat®@mns in NQ concentrations
279  boiled down to two significant peaks — one in therming and another at the end of the
280 afternoon, matching the two traffic rush periodsea&pected for urban areas (Wichmann et al.,
281  2010). From the ®outdoor profiles, it is possible to observe thghleist concentrations along
282  the afternoon, as expected (Sousa et al., 200@s€Tprofiles were generally similar to those
283 typically found indoors, thus outdoor air seemedb® the main contributor to those
284  concentrations found indoors.
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285  Figure 6 —Daily profile of outdoors mean concentrations fpN&. and b) Q.
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286
287

288

Table 4 — 1/O ratios for NOz and Os: median values observed in each studied site foragkdays and weekends, and respective minima (minj)dmaxima (max)

values.

Nursery

Room

Weekday

Weekend

Weekday

Weekend

N_URB1

A

B

C
LR

0.02 (min-max: 0.00-2-26)
0.00 (min-max: 0.00-0.00)
1.88 (min-max: 0.50-4.41)
0.41 (min-max: 0.00-3.43)

0.00 (min-max: 0.003).2

1.50 (min-max: 0.428}.8

0.16 (min-max: 0.00-1.15)
0.33 (min-max: 0.25d)
0.24 (min-max: 0.03-6.11)
0.31 (min-max: 0.D58)

0.19 (min-max: 0.182).

0.22 (min-max: 0.182).

N_URB2

A
B
C

3.80 (min-max: 1.18-7.88)
2.94 (min-max: 0.93-7.67)
2.33 (min-max: 0.36-5.11)
1.98 (min-max: 0.79-4.20)

6.19 (min-max: 1.63713.

2.42 (min-max: 0.7183.6

0.25 (min-max: 0.06-0.99)
0.30 (min-max: 0.1@4)
0.28 (min-max: 0.01-1.07)
0.42 (min-max: 01.19)

0.20 (min-max: 0.16€)

0.27 (min-max: 0.1885).

N_URB3

4.20 (min-max: 1.46-15.93)
2.70 (min-max: 1.07-5.65)
6.79 (min-max: 2.99-17.49)

4.08 (min-max: 1.23%.

0.33 (min-max: 0.17-1.08)
0.22 (min-max: 0.1:07)
0.57 (min-max: G267)

0.30 (min-max: 0.1973

N_URB4

0.15 (min-max: 0.13-0.64)
0.79 (min-max: 0.12-8.03)
2.53 (min-max: 0.30-19.88)

0.19 (min-max: 0.123).5
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289
290
291
292
293
294
295
296
297
298
299
300
301
302
303

304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321

Indoor concentrations were compared with thoseimétsoutdoors using the I/O ratio. Outdoor
concentrations were obtained from an air qualigfieh instead of measured simultaneously
outside each nursery school. Although the air ¢ualiation was representative of the study
area (CCDR-N, 2011), this might be a study lim@atand results should be interpreted with
care. Table 4 shows mean I/O ratios (and minimanaaxima) for NQ and Q in each studied
room. In N_URB1, NQI/O ratios were usually below 1, showing indooncentrations lower
than outdoors, with the exception of classroom @hbn weekdays and weekend, although
there were ratios below 1 in these cases. In the 6BN_URB2 1/0O median ratios were often
above 1, and in N_URB3 all the I/O ratios were above 1, which might be due to the steep
decrease of outdoor concentrations which wereailmwed by the same decrease indoors. As
indoor concentrations of NOn N_URB4 were usually zero, 1/O ratios were rejiresented.
Oz 1/O ratios in N_URB1, N_URB2 and N_URB3 were u$ghaklow 1 both during weekdays
and weekend. In N_URB4, the same was found inrdass A and B, but different results were
found in the lunch room (2.53), which might be athee to the steep decrease of outdoor

concentrations which were not followed by the sal®erease indoors as referred forNO

Table 3 shows the exceedances (%) to the standaddguidelines referred in the section 2.2.
When there were more than one standard or guidigirtbe same pollutant, like in the case of
CO and NQ, Table 4 reports the most restrictive one (Porsg2006 legislation for CO and
WHO guideline for NQ). Although influenced by outdoor concentratiomg indoor Q, CO
and NQ concentrations did not exceed the standards armdklges used for comparison
referred in section 2.2. Zuraimi and Tham (2008 much higher @concentrations (62.65
g md), mainly determined by outdoor concentrations)fsirea and table cleaning, but CO
concentrations observed in classrooms A and B @fRB1, classrooms A, B and lunch room
of N_URB2 and in N_URB3 were higher than those tbimthat study (1266.38 pghonly
determined by outdoor air). On the opposite, lo@€r concentrations were found by Yang et
al. (2009) (524.42 pg M and by Yoon et al. (2011) (812.89 pg®mRoda et al. (2011)
registered indoor N@concentrations comparable to those found in N_UB&1much lower
than those detected in N_URB2 and N_URB3, rangietgvéen 9.0 and 41.0 pginwhich
were determined by outdoor air influence in theeals of indoor sources, mainly due to the
proximity to roadways with heavy traffic and by tfect that most of nursery schools’
classrooms were located on the ground floor. Thveeee not found exceedances to the
Portuguese 2006 and 2013 standards for COrONG,, which indicates that the registered

concentrations of those pollutants are not expdcteduse health effects on children attending
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323
324
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327
328
329

330

331

332
333
334
335
336
337
338
339
340

341
342
343
344

345
346
347
348
349
350
351
352

these nursery schools. As expected, it is posslebserve from the results that the new
Portuguese legislation is less restrictive. Excredsa to Portuguese 2006 standards were
always higher during occupation periods than onkdags in general. Moreover, it is also
important to refer that the results here presemex similar to those obtained in Portuguese
primary schools by Pegas et al. (2012) for.N@d VOC. School activity and indoor sources
were also identified as increasing loadings ofpallutants in those primary schools, being
inadequate ventilation, specific indoor sourcepdermlly for VOC) and outdoor influence
(NO») the main determinants of IAQ.

4. Conclusions

This study allowed a better understanding of theak®ur of several indoor air pollutants in
the studied nursery schools, with and without oatiop. The influence of outdoor air seemed
to be determinant on¥DCO and NQ indoor concentrations, and the observed formaldehy
and TVOC peak concentrations indicated the preseh@pecific indoor sources for these
pollutants, namely materials emitting formaldehyehainly furnishing) and products emitting
VOC associated to cleaning and children’s speatfitivities (like paints and glues). For
formaldehyde, baseline constant concentrationgyalloa day were also found in some of the
studied rooms, which enhances the importance @iilohgf the study of short and long-term

children’s exposure to this indoor air pollutant.

While CO, NQ and Q never exceeded the national and internationateaée values for IAQ
and health protection, exceedances were founafardldehyde and TVOC. For this reason, a
health risk assessment approach could be integdsitiriuture research to assess the children’s

health risks of short-term exposure to formaldehguol@ to VOC concentrations.

Thus, improving IAQ is needed in the studied nyrsehools. Besides the measures proposed
in Part | of this study, others like changing ciegnactivities schedule (after the occupation
period), changing materials emitting formaldehydd better ventilation while using products
emitting VOC (amount of fresh air and its distriloaf), could also be applied to reach the same
goal. It is important to take into considerationemhapplying these changes the conclusions
reported by Branco et al. (2014) concerning thecentrations of PM in the rooms. The study
of individual VOC should be done to better underdtbBAQ inside these nursery schools. These

recommendations can also be applied in a broadspgetive, as the problems found in these
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354
355
356

357

358

359
360
361
362
363
364
365

nursery schools are similar to others being reponteother nursery and even in primary
schools. Additionally, it could be also importamt $tudy other nursery schools to help
supporting these findings, not only consideringamrhiraffic influence, but also including

suburban and rural contexts for comparison.
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