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exposure 
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Guarieiro (2013) 
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-3
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Lead (Pb) 1 y 0.5 μg·m
-3
 0.5 μg·m

-3
 

Arsenic (As) 1 y 6 ng·m
-3
   

Cadmium (cd) 1 y 5 ng·m
-3
   

Nickel (Ni) 1 y 20 ng·m
-3
 

 
 

(Directive 2004/107/EC; Directive 2008/50/EC; RD 10/2011) 



Black Carbon (BC) Nitrogen dioxide (NO
2
) 

Carrier of other substances from 

combustion sources, such as organic 

compounds 

Emitted by combustion engines,  

mainly diesel. 

Very fine particles (Ø<1µm) Gaseous compound 

>85% of 

concentration  

in Barcelona 

>50% of 

emissions 

in Barcelona 

POLLUTANT 

AVERAGING 

PERIOD 

EUROPEAN 

LEGISLATION 

NO
2
 

1 h 200 μg·m
-3
 

1 y 40 μg·m
-3
 

Not regulated 

Minguillón et al., 2011 
Generalitat de Catalunya, 2015 



Secondary inorganic aerosols (SIA) 

NH
4

+
, SO

4

2-
, NO

3

-
  

Crustal-mineral  

Al
2
O

3
, Mg, Ti, Fe, K, SiO

2
, CO

3

2-
, P, Ca 

Marine aerosols 

Na
+
, Cl

-
 

Trace elements 

As, Ba, Bi, Cd, Ce, Co, Cr, 

Cs, Cu, Dy, Er, Ga, Gd, Ge, 

Hf, La, Li, Mn, Mo, Nd, Ni, 

Pb, Pr, Rb, Sb, Sc, Se, Sm, 

Sn, Sr, Ta, Th, Ti, Tl, U, V, 

W, Yb, Zn, Zr 

Carbonaceous compounds 

Organic Matter + Elemental carbon 



Outdoor sources 

(infiltration): 

ambient concentrations,  

AER, penetration factors 



room occupancy  

 

resuspension  

of coarser 

particles 

Outdoor sources 

(infiltration): 

Indoor sources: 

ambient concentrations,  

AER, penetration factors Indoor sources and 

formation of new 

particles  



room occupancy  

 

resuspension  

of coarser 

particles 

Outdoor sources 

(infiltration): 

Indoor sources: 

ambient concentrations,  

AER, penetration factors Indoor sources and 

formation of new 

particles  
Time spent indoors: 

Many different  

indoor facilities: 

90 % 



Crowded classrooms, occupied during long periods 

Children are very active 
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PM concentrations 
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Indoor and outdoor Black 

Smoke, NO
2,
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2.5
 and PM

2.5
 

composition.  

(Stranger et al., 2008) 

27 

Indoor and outdoor BC, NO
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 and trace elements.  

(Mólnar et al., 2007; Wichmann et al., 2010) 
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in different levels. Chalk – Ca. 

(Fromme et al., 2007)              (Fromme et al, 2008) 
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Indoor and outdoor BC, NO
2
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2.5

 and trace elements.  

(Mólnar et al., 2007; Wichmann et al., 2010) 

6 

Indoor and outdoor BC and 

UFP. (Buonanno et al., 2013) 

3 Indoor and outdoor UFP. 

Cleaning as source. (Diapouli 

et al., 2007) 
7 

16 

PM
10

 and PM
2.5 

concentrations 

in different levels. Chalk – Ca. 

(Fromme et al., 2007)              (Fromme et al, 2008) 



Air quality in indoor and outdoor spaces in school has not been yet well 

characterised 

Inorganic chemical composition of PM and concentrations of UFP and BC 

at school facilities is very scarce and focused only in few PM components 

Processes and sources affecting PM levels and its composition 

Few studies about personal exposure.  

Sources and children’s exposure to air pollutants at schools in Barcelona 

remains unknown and must be assessed in order to find potential harmful 

pollutants and find the necessary abatement strategies to reduce the exposure.  





To characterise indoor and outdoor air quality at schools in Barcelona  

 

 

 

To identify and quantify the main aerosol sources  

 

 

 

To study the infiltration of ambient air pollutants to indoor air in schools  

 

 

 

To determine children’s exposure and dose to BC, and assess the agreement in 

BC concentrations between personal measurements and different fixed 

monitoring stations 



This thesis has been completed as a compilation of scientific publications: 

Rivas, I., Viana, M., Moreno, T., Pandolfi, M., Amato, F., Reche, C., Bouso, L., 

Àlvarez-Pedrerol, M., Alastuey, A., Sunyer, J., Querol, X., 2014. Child exposure to 

indoor and outdoor air pollutants in schools in Barcelona, Spain. Environment 

International 69, 200–212 

Amato, F., Rivas, I., Viana, M., Moreno, T., Bouso, L., Reche, C., Alvarez-Pedrerol, 

M., Alastuey, A., Sunyer, J., Querol, X., 2014. Sources of indoor and outdoor PM2.5 

concentrations in primary schools. Science of the Total Environment 490, 757–765 

Rivas, I., Viana, M., Moreno, T., Bouso, L., Pandolfi, M., Àlvarez-Pedrerol, M., Forns, 

J., Alastuey, A., Sunyer, J., Querol, X., 2015. Outdoor infiltration and indoor 

contribution of UFP and BC, OC, secondary inorganic ions and metals in PM
2.5 

in 

schools. Atmospheric Environment 106, 129–138 

Rivas, I., Donaire-Gonzalez, D., Bouso, L., Esnaola, M., Pandolfi, M., de Castro, M.,  

Viana, M., Àlvarez-Pedrerol, M.,  Nieuwenhuijsen, M., Alastuey, A., Sunyer, J., 

Querol, X. Spatiotemporally resolved Black Carbon concentration, schoolchildren’s 

exposure and dose in Barcelona. Indoor Air, in press, 2015 





39 schools + Urban background station of Palau Reial (UB-PR) 

2 simultaneous schools + UB-PR 

Two campaigns (02/2012-02/2013) 

0 6 

Km 



Indoor environment:  

classroom with pupils 7-10 years old 

Outdoor environment:  

school playground. 

Sampling Monday to Friday 

PM
2.5

 filters sampled during schoolhours (9-17h) 



MicroAeth AE51 

Online BC measurements 

EBC=0.54·BC  (R
2
=0.88) 

DiSCmini  

Online:  

-UFP (10-700 nm) 

-Lung Deposited Surface Aera (LDSA) 

-Mean particle size 

Gradko 

NO
2
 passive dosimeter 

High-Volume sampler (MCV) 

8h gravimetric samples of PM
2.5 



High-Volume sampler (DIGITEL) 

24h gravimetric samples of PM
2.5 

MAAP (model 5012) 

Online BC measurements 

WCPC (model 3785) 

Online UPF (5-1000 nm) 

measurement 

NSAM (model 3550) 

Online LDSA measurement 

GRIMM (model 1180) 

Online PM measurements 

Gradko 

NO
2
 passive 

dosimeter 

SIR (model S-5012) 

Online NO
2
 measurements 



Thermal-optical method 

(NIOSH Tº program):
 

OC, EC
 

Acid digestion: Water leaching: 

Chromatography (HPLC): 

NO
3

-
, Cl

-
, SO

4

2-
 

Selective electrode: NH
4

+
 

Σ CHEMISTRY = 85% of PM
2.5

 mass 
(Querol et al., 2001) 

Indirect determinations:  

SiO
2
 = 3·Al

2
O

3
  

CO
3

2-
 = 1.5·Ca  

OM = 1.6·OC 

Major elements (ICP-AES): 

Al, Fe, Ca, Na, Mg, S, P, Ba, 

Cr, Cu, Mn, Ni, Sr, Pb, Ti, V, 

Zn 

Trace elements (ICP-MS): Li, 

Sc, Ti, V, Cr, Mn, Co, Ni, Cu, 

Zn, Ga, As, Se, Rb, Sr, Y, Zr, 

Nb, Cd, Sn, Sb, Cs, Ba, La, 

Ce, Pr, Nd, Hf, W, Tl, Pb, Bi, 

Th, U 



X
measured  

= (G·F)
model 

+ E
model 

Positive matrix factorisation  

Measured 

concentration  

matrix 

Source 

contribution 

matrix 

Source profile 

matrix 

Measured 

concentration not 

fitted by the model 

= + x 

i = 1,…, n samples  

j = 1,…, m species 

k =1,…, p sources (user specified) 

n x m n x p p x m n x m 

µg·m
-3 µg·µg

-1 

(Paatero and Tapper, 1994; Paatero, 1999) 

Solved with 

Multilinear Engine 2 

(ME2) 

µg·m
-3 µg·m

-3 

For source identification and quantification: 



Measured concentration  

of the ith pollutant for the 

kth day at the jth school  

i = 1, …, n pollutant 

j = 1, …, 39 school 

k = 1, …, m day  

PR= at UB-PR 

Adjusted concentration  

of the ith pollutant for the 

kth day at the jth school  

Measured concentration  

of the ith pollutant for the 

kth day at UB-PR  

 

Campaign average concentration 

of the ith pollutant at UB-PR  

For removing the meteorological effect: 





Al/PVC Wood  



Before 1970 In/After 1970 



  Type of windows 

Building construction year Al/PVC Wood 

≤1970 13 (65%) 7 (35%) 

>1970 10 (53%) 9 (47%) 

Pearson χ2
= 0.61 

p=0.43 



Paved Sandy 

Sand > 20 m 

Sand < 20 m 





•53 children (7-10 years old) 

participated in personal 

monitoring of EBC during 48h 

 

•Children carried a belt bag with 

a MicroAeth AE51 (inlet tube in 

the breathing zone) 

 

•They filled in a time-activity 

diary reporting location and 

activity 

Microenvironments (ME) classification:  

 - classroom 

 - School playground 

 - Home 

 - Commuting 

 - Other 



Indoor concentration = β0 + β1 (outdoor concentration)it + 
β2 (building age: ≤1970)i + β3 (type of windows: wood)i + 

β4 (type of playground: sand-filled<20m)i +  ui + εit 

Schools as 

random effect 

INFILTRATION 

Personal EBC concentrations = β0 + β1 (BC 
concentrations from fixed station X)ict + ui + uc+ εict 

Schools and 

children as 

random effect 

PERSONAL MEASUREMENTS & FIXED STATIONS 

Linear regression model containing both fixed and random effects 

Multiple measurements at the same schools are not independent 







  INDOOR OUTDOOR UB-PR 

  Mean SD Mean SD Mean SD 

NO2 

 (µg·m-3) 
30 13 47 19 41 20 

PM2.5  
(µg·m-3) 

37 16 29 24 17 8 

UFP  
(#·cm-3) 

15625 6673 23614 9514 14665 6034 

EBC 
 (µg·m-3) 

1.3 0.9 1.4 1.1 1.3 0.8 

BREATHE schools are representative of the rest of schools in Barcelona 
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• Mean level of NO
2
 is intermediate between traffic and urban background sites 

NO2 traffic stations: 

≈ 62 µg·m
-3 
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Global       Summer      Winter 
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EBC EBC 

PM2.5 PM2.5 

Reference Station 

BREATHE Schools EBC perimeter 
Low 
High 

EBC 
(µg·m3) 

< 1.25 
1.25 – 1.60 

> 1.60 

PM2.5 
(µg·m3) 

< 24 
24 – 32 

> 32 

NOT ADJUSTED ADJUSTED 

PM2.5 
(µg·m3) 

< 22 
22 – 28.50 

> 28.50 

EBC 
(µg·m3) 

< 1.20 
1.20 – 1.50 

> 1.50 



EBC 
PM2.5 

UFP NO2 

EBC 
(µg·m3) 

< 1.25 
1.25 – 1.60 

> 1.60 

PM2.5 
(µg·m3) 

< 24 
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> 24 
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ADJUSTED   -  OUTDOOR 
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PM2.5 
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EBC 
(µg·m3) 

< 1.15 
1.15 – 1.55 

> 1.55 

PM2.5 
(µg·m3) 

< 34 
34 – 50 

> 50 

NO2 
(µg·m3) 

< 22 

22 – 34 
> 34 

N 
(103 pt·cm3) 

< 13 
13 - 18 

> 18 

BREATHE Schools EBC perimeter 
Low 
High 

ADJUSTED   -   INDOOR 

EBC 

Reference Station 
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 major and trace elements vs Spanish urban ambient air range 

Querol et al. (2008) 

Querol et al. (2007) 
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Source contributions 
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INDOOR OUTDOOR 

Exterior 
playground 

Interior 
playground 

Street Exterior Interior 

Classroom orientation Playground orientation 

MINERAL contributions 

Paved 

Sandy 



TRAFFIC contributions  (seasonally adjusted data) 

Classroom orientation Playground orientation 

OUTDOOR 

Exterior 
playground 

Interior 
playground 

Street Street Interior 

INDOOR 
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Dockery and Spengler (1981).  

Similar results for OC and Mineral components 
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- EBC has the maximum infiltration factor 

of all the pollutants studied. 

- Negligible indoor generation of  EBC . 

Cold season only 



Yit = β0 + β1 (outdoor concentration)it + β2 (building age: ≤1970)i + β3 (type of 
windows: wood)i + β4(type of playground: sand-filled<20m)i + ui + εit 

Building age 

Fe +0.15 µg/m
3 

Cr 

Co 

Se 

+1.95 ng/m
3 

+0.09 ng/m
3 

+0.05 ng/m
3 

>1970 buildings: 



Yit = β0 + β1 (outdoor concentration)it + β2 (building age: ≤1970)i + β3 (type of 
windows: wood)i + β4(type of playground: sand-filled<20m)i + ui + εit 

Type of window 

OC +2.25 µg/m
3 

 Ca 

As 

+1.01 µg/m
3 

+0.23 µg/m
3 

+0.09 ng/m
3 

PM
2.5 +10.75 µg/m

3 

NO
2 -8.06 µg/m

3 

Fe 

Building age 

>1970 buildings: Al/PVC windows: 

Fe +0.15 µg/m
3 

Cr 

Co 

Se 

+1.95 ng/m
3 

+0.09 ng/m
3 

+0.05 ng/m
3 



Yit = β0 + β1 (outdoor concentration)it + β2 (building age: ≤1970)i + β3 (type of 
windows: wood)i + β4(type of playground: sand-filled<20m)i + ui + εit 

Type of playground 

Al
2
O

3 +1.07 µg/m
3 

 V 

As 

+1.04 ng/m
3 

+0.47 µg/m
3 

+0.11 ng/m
3 

PM
2.5 +8.89 µg/m

3 

Fe 

Building age Type of window 

OC 

 Ca 

As 

PM
2.5 

NO
2 

Fe 

Fe +0.15 µg/m
3 

Cr 

Co 

Se 

+1.95 ng/m
3 

+0.09 ng/m
3 

+0.05 ng/m
3 

+2.25 µg/m
3 

+1.01 µg/m
3 

+0.23 µg/m
3 

+0.09 ng/m
3 

+10.75 µg/m
3 

-8.06 µg/m
3 

Sandy playgrounds: >1970 buildings: Al/PVC windows: 
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Commuting contributes to 20 % of the integrated daily dose 

although it corresponds to the 5.6% of the time of a day. 

School contributes with the 37% of the total dose of EBC 

Policies for improving air quality can reduce the 

exposure of many children if focused on schools  
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Future schools  Away from trafficked roads 

Pedestrian school pathways + use of public transport  

Replace sand periodically 

Cleaning activities in the afternoon 

Ventilation advised if the classroom is not facing to a major road  



Effect of the application of measures for air quality improvement in schools  

Specific indoor sources of air pollutants in schools. Especially of UFP and  

trace metals 

Speciation of the organic compounds  

Interaction of O
3
 with VOCs in indoor environments 

More studies involving personal measurements in children 



Other projects:  

Air quality and exposure assessment:  

Effects on neurodevelopment:  





Concentrations of air pollutants in BREATHE schools were between typical 

concentrations in urban background (UB-PR) and traffic stations in Barcelona. 

o Increasing gradient towards city centre for EBC, NO
2
 and UFP 

concentrations. The gradient was blurred for PM
2.5

 (local school sources). 

 

7 outdoor (traffic, sulphate & organics, nitrate, road dust, metallurgy, sea 

spray, and heavy oil) and 2 children’s activity-related (organic/textile/chalk 

and mineral) sources were responsible for the high PM
2.5 

concentrations. 

o Sand-filled playground unusually increased PM
2.5 

mineral contributions 

(breakdown of mineral particles because of children’s activity).  

o Indoor traffic contributions were higher in classrooms with windows 

oriented directly to the street (importance of urban planning). 



High infiltration of outdoor air pollutants. Concentrations of traffic-related 

pollutants were generally lower indoors, but very close to outdoor levels.  

o No differences in infiltration for many of the traffic related pollutants by 

type of windows. 

o Cd and EBC are the pollutants with the highest F
inf

 in the cold season. 

o Some trace metals may have higher indoor levels in newer buildings due 

to specific indoor materials emissions.  



EBC concentrations higher in personal measurements than fixed stations 

(school and UB-PR) owing to peak concentration events during commuting 

time. 

o Good agreement between personal measurements and school fixed 

stations while children where there, lower with UB-PR (distance to the 

station is important for assessing exposure). 

 

Children spent 82% of their time in indoor environments (classroom and 

home), while receiving 56% of their daily dose of EBC (important to 

characterise indoor environments).  

o The contribution from schools to the total daily EBC dose was 37%. 

Reducing traffic intensities around schools should be enhanced. 



Funding acknowledged to: 

SCHOOLS: Antoni Brusi, Baloo, Betània-Patmos, Centre d'estudis 

Montseny, Col·legi Shalom, Costa i Llobera, El Sagrer, Els Llorers, 

Escola Pia de Sarrià, Escola Pia Balmes, Escola concertada Ramon Llull, 

Escola Nostra Sra. de Lourdes, Escola Tècnica Professional del Clot, 

Ferran i Clua, Francesc Macià, Frederic Mistral, Infant Jesús, Joan 

Maragall, Jovellanos, La Llacuna del Poblenou, Lloret, Menéndez 

Pidal, Nuestra Señora del Rosario, Miralletes, Ramon Llull, Rius i 

Taulet, Pau Vila, Pere Vila, Pi d'en Xandri, Projecte, Prosperitat, Sant 

Ramon Nonat-Sagrat Cor, Santa Anna, Sant Gregori, Sagrat Cor 

Diputació, Tres Pins, Tomàs Moro, Torrent d'en Melis and Virolai. 



Thank you for your attention 
Ioar Rivas Lara 



POLLUTANT 

AVERAGING 

PERIOD 

EUROPEAN LEGISLATION 

WHO GUIDELINES  

LEGAL NATURE CONCENTRATION 

PERMITTED 

EXCEEDANCES/YEAR 

PM
10

 

24 h 
Limit value entered into force 

1/01/2005 
50 μg·m

-3
 

35 (or percentile 

90.4) 
  

1 y 
Limit value entered into force 

1/01/2005 
40 μg·m

-3
 - 20 μg·m

-3
 

PM
2.5

 1 y 

Target value entered into 

force 1/01/2010. Limit value 

enters into force 1/01/2015 

25 μg·m
-3
 - 10 μg·m

-3
 

Nitrogen dioxide 

(NO
2
) 

1 h 
Limit value entered into force 

1/01/2010 
200 μg·m

-3
 18 200 μg·m

-3
 

1 y 
Limit value entered into force 

1/01/2010 
40 μg·m

-3
 - 40 μg·m

-3
 

Lead (Pb) 1 y 
Limit value entered into force 

1/01/2005 
0.5 μg·m

-3
 - 0.5 μg·m

-3
 

Arsenic (As) 1 y 
Target value entered into 

force 1/01/2012 
6 ng·m

-3
 -   

Cadmium (cd) 1 y 
Target value entered into 

force 1/01/2012 
5 ng·m

-3
 -   

Nickel (Ni) 1 y 
Target value entered into 

force 1/01/2012 
20 ng·m

-3
 - 

 
 

Sources: 

Legislation and guidelines: 

(WHO,2000; 2005) (Directive 2004/107/EC; Directive 2008/50/EC; RD 10/2011) 
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Nanoparticles <0.05 µm 

Ultrafine particles <0.1 µm 



(Monn et al., 2001) 
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  Building construction year: ≤1970  

(Ref: >1970) 

Type of window: wood (Ref: 

Al/PVC) 

Playground: sand-filled <20m 

(Ref: Paved) 

  
Coeff 

% indoor 

median+ 
Coeff 

% indoor 

median+ 
Coeff 

% indoor 

median+ 

  (ng·m-3)   (ng·m-3)   (ng·m-3)   

Li -0.27* -73.19 -0.37* -10.24 0.65** 179.33 

Ti -15.85 -36.93 -27.19* -63.35 53.00** 123.49 

Sb¤ -0.15 -19.63 -0.08 -10.34 0.22 28.52 

V 0.01 0.36 -0.68* -27.63 1.04* 41.96 

Ni 0.02 0.85 0.06 2.91 0.12 6.01 

Cr -1.95* -56.94 -1.25 -36.28 0.87 25.49 

Mn -3.93 -43.75 -6.25** -69.59 10.10** 112.41 

Co -0.09* -62.41 -0.10* -66.23 0.09 63.38 

Cu¤ -0.10 -1.33 -0.66 -9.15 0.00 0.03 

Sn¤ -0.36 -16.98 0.05 2.39 -0.05 -2.42 

Zn -6.22 -13.93 -7.32 -16.40 3.13 7.01 

As -0.02 -6.54 -0.09* -25.29 0.11* 30.44 

Se -0.05* -18.99 0.02 6.61 -0.03 -12.84 

Cd 0.01 4.79 0.01 4.84 -0.02 -15.60 

Pb -0.16 -2.57 -0.86 -13.73 1.18 18.75 
¤ Schools having I/O ratios above 1.2 for traffic-related pollutants have not been considered. 
* Statistically significant at p-value ≤0.05. 
** Statistically significant at p-value ≤0.01. 
+ Median of the indoor concentrations during the cold period. 



Schools with higher indoor than outdoor UFP levels during daytime: 
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Schools with higher indoor than 

outdoor UFP levels during 

daytime: Both road traffic and 

nucleation processes 



Daily cyles from 0 to 23h 

EBC  Indoor  
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Schools with higher indoor than 

outdoor BC levels: Indoor 
sampling location was relatively 
closer to heavy traffic  
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40% higher at schools nearer to 
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All seasons Cold Season Warm Season 

Fixed-effect predictor (µg·m-3) RC 
intercept 

(µg·m-3) 
R2 RC 

intercept 

(µg·m-3) 
R2 RC 

intercept 

(µg·m-3) 
R2 

All day 

EBC classroom fixed 0.95* 0.4* 0.28 0.85* 0.5* 0.17 1.00* 0.3* 0.52 

EBC playground fixed 0.65* 0.6* 0.26 0.53* 0.7* 0.15 0.72* 0.5* 0.50 

EBC UB fixed 

      Unadjusted 0.39* 0.9* 0.18 0.28* 0.9* 0.14 0.49* 0.9* 0.29 

      Adjusted+ 0.39* 0.9* 0.18 0.28* 1.2* 0.14 0.49* 0.3 0.29 

Classroom time 

EBC classroom fixed 0.94* 0.3* 0.79 0.81* 0.4* 0.68 0.99* 0.2 0.79 

EBC playground fixed 0.73* 0.5* 0.72 0.46* 0.7* 0.57 0.80* 0.5* 0.73 

EBC UB fixed 0.49* 0.9* 0.45 0.11* 1.1* 0.41 0.61* 1.0* 0.40 

Playground time 

EBC classroom fixed 1.00* 0.1 0.73 0.87* 0.2* 0.49 0.99* 0.1 0.87 

EBC playground fixed 1.02* 0.1 0.75 0.87* 0.2* 0.48 1.01* 0.1 0.89 

EBC UB fixed 0.53* 0.8* 0.45 0.18* 0.9* 0.31 0.64* 0.9* 0.47 

Home time     

EBC classroom fixed 1.00* 0.3* 0.48 0.92* 0.4* 0.46 1.09* 0.2 0.41 

EBC playground fixed 0.48* 0.7* 0.47 0.50* 0.7* 0.46 0.49* 0.7* 0.40 

EBC UB fixed 0.31* 0.9* 0.43 0.38* 0.7* 0.46 0.34* 0.9* 0.34 

Commuting time 

EBC classroom fixed 0.93* 1.9* 0.30 0.63 2.3* 0.29 1.12* 1.0* 0.43 

EBC playground fixed 0.76* 2.0* 0.32 0.43 2.5* 0.29 0.85* 1.3* 0.55 

EBC UB fixed 0.53* 2.2* 0.30 0.18 2.7* 0.29 0.65* 1.5* 0.41 

Other time 

EBC classroom fixed -0.01 1.6* 0.37 -0.19 2.2* 0.38 0.13 1.1* 0.18 

EBC playground fixed 0.00 1.5* 0.37 0.11 1.9* 0.37 0.14 1.1* 0.18 

EBC UB fixed 0.10 1.4* 0.37 0.14 1.7* 0.39 0.15 1.1* 0.19 
+ Adjusted by distance between school and UB and by traffic density at school. 
* p-value <0.05 



Barraza, F., Jorquera, H., Valdivia, G., Montoya, L.D., 2014. Indoor PM2.5 in Santiago, Chile, spring 2012: Source apportionment 

and outdoor contributions. Atmos. Environ. 94, 692–700.  

Duan, N., 1982. Models for human exposure to air pollution. Environ. Int. 8, 305–309. 

Guarieiro, L.L.N., Guarieiro, A.L.N., 2013. Vehicle Emissions : What Will Change with Use of Biofuel ? InTech. Doi: 10.5772/52513. 

Myhre, G., D. Shindell, F.-M. Bréon, W. Collins, J. Fuglestvedt, J. Huang, D. Koch, J.-F. Lamarque, D. Lee, B. Mendoza, T. 

Nakajima, A. Robock, G. Stephens, T. Takemura and H. Zhang, 2013: Anthropogenic and Natural Radiative Forcing. In: Climate 

Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the 

Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, 

Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA. 

Ott, W.R., 1982. Concepts of human exposure to air pollution. Environ. Int. 7, 179–196. 

Querol, X., Alastuey, A., Rodriguez, S., Mantilla, E., Ruiz, C.R., 2001. Monitoring of PM10 and PM2.5 around primary particulate 

anthropogenic emission sources. Atmos. Environ. 35, 845–858. 

Querol, X., Alastuey, A., Moreno, T., Viana, M.M., Castillo, S., Pey, J., Rodríguez, S., Artiñano, B., Salvador, P., Sánchez, M., 

Garcia Dos Santos, S., Herce Garraleta, M.D., Fernandez-Patier, R., Moreno-Grau, S., Negral, L., Minguillón, M.C., Monfort, E., 

Sanz, M.J., Palomo-Marín, R., Pinilla-Gil, E., Cuevas, E., de la Rosa, J., Sánchez de la Campa, A., 2008. Spatial and temporal 

variations in airborne particulate matter (PM10 and PM2.5) across Spain 1999–2005. Atmos. Environ. 42, 3964–3979. 

Querol, X., Viana, M., Alastuey, a., Amato, F., Moreno, T., Castillo, S., Pey, J., de la Rosa, J., Sánchez de la Campa, a., Artíñano, 

B., Salvador, P., García Dos Santos, S., Fernández-Patier, R., Moreno-Grau, S., Negral, L., Minguillón, M.C., Monfort, E., Gil, J.I., 

Inza, a., Ortega, L. a., Santamaría, J.M., Zabalza, J., 2007. Source origin of trace elements in PM from regional background, 

urban and industrial sites of Spain. Atmos. Environ. 41, 7219–7231. 

Wang, M., Beelen, R., Basagaña, X., Becker, T., Cesaroni, G., de Hoogh, K., Dedele, A., Declercq, C., Dimakopoulou, K., Eeftens, 

M., Forastiere, F., Galassi, C., Gražulevičienė, R., Hoffmann, B., Heinrich, J., Iakovides, M., Künzli, Nino, Korek, M., Lindley, S., 

Mölter, A., Mosler, G., Madsen, C., Nieuwenhuijsen, M., Phuleria, H., Pedeli, X., Raaschou-Nielsen, O., Ranzi, A., Stephanou, E., 

Sugiri, D., Stempfelet, M., Tsai, M.-Y., Lanki, T., Udvardy, O., Varro, M., Wolf, K., Weinmayr, G., Yli-Tuomi, T., Hoek, G., 

Brunekreef, B., 2012. Evaluation of land use regression models for NO2 and Particulatte Matter in 20 European Study Areas: The 

ESCAPE Project. Environ. Sci. Technol. 47, 4357–4364. 

WHO, 2000. Air quality guidelines for Europe (2nd Edition). 

WHO, 2005. WHO Air quality guidelines for particulate matter, ozone, nitrogen dioxide and sulfur dioxide. 

WHO, 2010. WHO guidelines for indoor air quality: selected pollutants. 


