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ADVERSE HEALTH EFFECTS

Superior Airways of respiration

Coarse particles:
Dp <10 um

". ; = Inferior Airways of respiration
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Dp <100 nm
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Aitken Accumulation Coarse

(Directive 2004/107/EC: Directive 2008/50/EC; RD 10/2011)
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TRACERS OF TRAEFIC EAMSSIONS

Black Carbon (BC)
Very fine particles (@<1um)

Nitrogen dioxide (NO,)

Gaseous compound

Emitted by combusti

aigly >50% of

\
e :' “ emissions
in Barcelona

>85% of
concentration
in Barcelona

Carrier of other substances from
combustion sources, such as organic
compounds

AVERAGING|  EUROPEAN
POLLUTANT | periop LEGISLATION
1h 200 pg'm-3
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AEROSOL CHERMCAL CORMPOSITION

Crustal-mineral Carbonaceous compounds
ALOs, Mg, Ti, Fe, K, $iO,, CO,, P, Ca ,
Organic Matter + Elemental carbon

] “\'! zr

Secondary inorganic aerosols (SIA)
NH,*, $O,2, NO;

Marine aerosols

Na*, CI-

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, TI, U, V,
W, Yb, Zn, Zr




MDOOR AR QUALITY

Outdoor sources
(infiltration):
3

ambient concentrations,
AER, penetration factors




MDOOR AR QUALITY

Outdoor sources Indoor sources:
(infiltration): :
4

room occupancy

|

' resuspension
ambient concentrations, of coarser

. 1
AER, penetration factors Indoor sources and particles
formation of new
particles




Outdoor sources
(infiltration):

room occupancy

|

resuspension

ambient concentrations,

: Y of coarser
AER, penetration factors Indoor sources and particles
formation of new
particles

Time spent indoors:

Many different
indoor facilities:




INDOOR AR QUALITY il SCHOOLS

Crowded classrooms, occupied during long periods




PREVIOUS STUDIES IN SCHOOLS




PREVIOUS STUDIES IN SCHOOLS

PM,, and PM, ; concentrations

in different levels.
(Fromme et al., 2007)

-
Indoor and outdoor BC, NO,,
PM, ; and trace elements.

L (Mélnar et al., 2007; Wichmann et al., 2010)

4 Indoor and outdoor Black )
Smoke, NO, PM, 5 and PM,
composition.

\_ (Stranger et al., 2008) Y,

PM resuspension @
(Blondeau et al., 2005)

_9

[ PM resuspension ]

(Almeida et al., 2011)

PM resuspension in school

0

gyms

(Brani3 and Safranek., 2011)

PM concentrations
teaching/non-teaching
hours (Dorizas et al., 2015)




PREVIOUS STUDIES IN SCHOOLS

PM,, and PM, ; concentrations
in different levels. Chalk — Ca.

(Fromme et al., 2007)

-
Indoor and outdoor BC, NO,,
PM, ; and trace elements.

(Fromme et al, 2008) L (Mélnar et al., 2007; Wichmann et al., 2010)

4 Indoor and outdoor Black )
Smoke, NO, PM, 5 and PM, , é
composition. Chalk - Ca

\_ (Stranger et al., 2008) Y,

PM resuspension in school

PM resuspension
(Blondeau et al., 2005)

[ PM resuspension

(Almeida et al., 2011)

Chalk as the

source of Ca
(Canha et al., 2014)

gyms

(Brani3 and Safranek., 2011)

PM concentrations
teaching/non-teaching
hours (Dorizas et al., 2015)




PREVIOUS STUDIES IN SCHOOLS

PM,, and PM, ; concentrations " Indoor and outdoor BC, NO,,
in different levels. Chalk — Ca. *\ PM, ;5 and trace elements.

(Fromme et al., 2007) (Fromme et al, 2008) (Mélnar et al., 2007; Wichmann et al., 2010)
4 ) . .
Indoor and outdoor Black PM resuspension in school
Smoke, NO, PM, ; and PM, . é gyms
Composition. Chalk _ Ca (Branis and Safranek., 2011)
\_ (Stranger et al., 2008) Y,
. )
\@ PM concentrations
PM resuspension (64) teaching/non-teaching
(Blondeau et al., 2005) hours (Dorizas et al., 2015) )

N
Indoor and outdoor UFP.
Cleaning as source. (iapouli
et al., 2007) )
PM resuspension
(Almeida et al., 2011) Chalk as the
source of Ca Indoor and outdoor BC and
(Canha et al., 2014) UFP. Buonanno et al., 2013)




GAPS i1 CURREMT KHOWLEDGE

® 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.

 JUSTIEICATION

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.
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OBJECTIVES

| To characterise indoor and outdoor air quality at schools in Barcelona

2 15 identify and quantify the main aerosol sources

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

4 To determine children’s exposure and dose to BC, and assess the agreement in
BC concentrations between personal measurements and different fixed
monitoring stations
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LOCATiON OF THE SCHOOLS

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

=8 . Two campaigns (02/2012-02/2013)

2 simultaneous schools + UB-PR :
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AOUITORIMG STATIONS M SCHOOLS

Indoor environment: Outdoor environment:
classroom with pupils 7-10 years old school playground.

Sampling Monday to Friday

PM, ; filters sampled during schoolhours (9-17h)




MSTRUMEUTATION id SCHOOLS

i

Gradko
NO, passive dosimeter

Online BC measurement
EBC=0.54-BC (R2=0.88)

DiSCmini |

Online: : e |
-UFP (10-700 nm) *— = TR
-Lung Deposited Surface Aera (LDSA) High-Volume sampler (MCV)

-Mean particle size 8h gravimetric samples of PM, ;




High-Volume sampler (DIGITEL)
24h gravimetric samples of PM, 5

MAAP (model 5012) s,
Online BC measurements Eh——
—

GRIMM (model 1180)
Online PM measurements

WCPC (model 3785)
Online UPF (5-1000 nm) 6
measurement ~

L

Gradko :
SIR (model $-5012) NO, passive NSAM (model 3550)
Online NO, measurements dosimeter Online LDSA measurement




CHERMCAL CHARACTERISATION

Acid digestion:
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, S, Y, Zr,
Nb, Cd, Sn, Sb, Cs, Ba, La,
Ce, Pr, Nd, Hf, W, TI, Pb, Bi,
Th, U

Water leaching:
/ Chromatography (HPLC):
NO;, CI, SO,

Selective electrode: NH,*

Thermal-optical method

(NIOSH T? program):
OC, EC
Indirect determinations:
SiOZ = 3'A1203
CO5% =1.5-Ca
OM = 1.6-0C

2 CHEMISTRY = 85% of PM, ; mass

(Querol et al., 2001)




SOURCE APPORTIOUMENT (PRAE)

For source identification and quantification:

Positive matrix factorisation

measured

Measured Source
concentration | = || contribution | X
matrix matrix
-
nxm nxp
pg'm- ug-m->
i=1,..., n samples
j=1,..., m species
k =1,..., p sources (user specified)

= (C' F)model +E

_——_\

model

Source profile

matrix

Measured
concentration not
fitted by the model

+

pXm
Hg-pg’

/

nxm

ug'm-3

Solved with
Multilinear Engine 2
(ME2)

(Paatero and Tapper, 1994; Paatero, 1999)




SEASOMAL ADJUSTANEMT

For removing the meteorological effect:

Measured concentration
of the izA pollutant for the
kth day at the jth school

J
(C ] ) = (Cl ) ¢ Measured concentration
L k /( ClPR ) ]?/of the ith pollutant for the

/’ kth day at UB-PR

PR
Adjusted concentration Cl
of the ith pollutant for the - \/
kzh day at the j#h school Campaign average concentration
. of the ith pollutant at UB-PR
i =1, ..., n pollutant

j =1, ..., 39 school
k=1, ..., mday
PR= at UB-PR




FEATURES OF THE SCHOOLS

School Window B | ~ Classroom ' Playground Classroom Playground
ID material consyt:ua:tlon Playground or1entat10n1 location? = floor floor
1 ¢ PVC/Al | >1970 paved Intenior mterior | 0-1st 1st-2nd
2 1;\:’2(;?\1(?8(: Cl 3) <1970 paved : Interior inteior | 2nd ground
. wood - >1970 paved  Playground | intemor |  2nd 1st-2nd
+ PVC/Al =1970 | sand-filled ' Playground street = 2nd ground
5 PVC/Al >1970 | paved | directly street street 2nd 3-5th
6 wood <1970 paved = Interor street | 2nd Ist-2nd
7 wood <1970 paved | Playground street 3-4th 3-5th
8 PVC/Al >1970 paved  Playground = street 2nd 3-5th
9 PVC/Al <1970 paved  Playground street 3-4th ground
10 wood <1970 paved  directly street. interior 2nd ground
11 PVC/Al >1970 | paved . Interior street 0-1st 1st-2nd
12 PVC/Al >1970 | sand-filled | directly street street 0-1st 1st-2nd
13 PVC/Al >1970 | sand-filled | Intenor interior 0-1st ground




FEATURES OF THE SCHOOLS

—
Wood (SCI)
PVC/Al (SC2).

wood 3
PVC/Al
PVC/Al

Al/PVC



FEATURES OF THE SCHOOLS

construction

<1970

>1970
<1970
>1970
<1970
<1970
>1970
<1970 = P iy
<1970 | ; ——= -
>1970 Before 1970 ([ 1n/Atter 1970

>1970
>1970




FEATURES OF THE SCHOOLS

~ Building

Window :
_construction

material

AL
Wood (SC1) = _
pvc/alscy) 070
wood . >1970
PVC/A1 | £1970
PVC/Al Type of windows
“'003 Building construction year Al/PVC Wood
WOO
PVC/Al <1970 13 (65%) 7 (35%)
PVC/Al >1970 10 (53%) 9 (47%)
wood - =1970
PVC/Al | >1970 Pearson x2= 0.61
PVC/Al | >1970 p=0.43

PVC/Al | >1970




FEATURES OF THE SCHOOLS

Playground

paved

paved

. paved
- sand-filled |
.~ paved |
paved
ved
ved
— ved
' , E aved
&, 1] Lved
S e filled |

s

Paved




FEATURES OF THE SCHOOLS

Classroom Playground Classroomi Playground

orientation! location? @ floor = floor
Intenior interior 0-1st 1st-2nd
Intenior interior 2nd ground
- Playground | intenior 2nd 1st-2nd
- Playground street 2nd ground
 directly street street 2nd 3-5th
~ Interior street 2nd Ist-2nd
- Playground street 3-4th 3-5th
- Playground | street 2nd 3-5th
- Playground street 3-4th ground
 directly street|  interior 2nd ground
~ Interior street 0-1st 1st-2nd
 directly street street 0-1st 1st-2nd
interior 0-1st ground

Interior
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PERSOMAL ANEASURERAENTS

53 children (7-10 years old)
participated in personal
monitoring of EBC during 48h

*Children carried a belt bag with
a MicroAeth AE5T (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




LINEAR AMXED EFFECT AMODEL

Linear regression model containing both fixed and random effects

Multiple measurements at the same schools are not independent

INFILTRATION

4 )
Indoor concentration = 8, + 8, (outdoor concentration),, +

6, (building age: <1970), + 8, (type of windows: wood); +
8, (type of playground: sand-filled<20m), + u; + €,

. Schools as
random effect

J

PERSONAL MEASUREMENTS & FIXED STATIONS

Schools and
children as
random effect

Personal EBC concentrations = 8, + 8, (BC

concentrations from fixed station X).., + u; + u_+ €,
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OBJECTIVE |

Environment International 69 (2014) 200-212

=

“ENVIRONMENT
INTERNATIONAL

Contents lists available at ScienceDirect

Environment International

journal homepage: www.elsevier.com/locate/envint

Child exposure to indoor and outdoor air pollutants in schools in (!)Crossmrk
Barcelona, Spain

I Rivas *>¢** M. Viana ", T. Moreno °, M. Pandolfi °, F. Amato®, C. Reche ", L. Bouso <,
M. Alvarez-Pedrerol *4¢, A. Alastuey”, J. Sunyer *“%¢, X. Querol ®




AVERAGE CONCEMTRATIONS

| NDOOR__ | outbooR [  uB-PR
© Mean  SD Men D Men 5D E

(png-m3)

PMzg 37 16 29 54 = .
(ug-:m3)

15625 6673 23614 9514 14665 6034
- 1.3 0.9 1.4 1.1 1.3 08
(ug-m

[ BREATHE schools are representative of the rest of schools in Barcelona ]
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AVERAGE COMCENTRATIONS

NO2 traffic stations:
~ 62 ug-m-

INDOOR OUTDOOR UB-PR

30 13 47 19 41 20

37 16 29 24 17 3

UFP

(#-cm™3)

15625 6673 23614 9514 14665 6034

EBC
(ng-m3)

1.3 0.9 1.4 1.1 1.3 0.8

[ BREATHE schools are representative of the rest of schools in Barcelona ]

* Mean level of NO, is intermediate between traffic and urban background sites

 Mean SO Mean SO Mean SO [
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AVERAGE COMCENTRATIONS

~ Mean  SD  Mean  SD  Mean  SD [

30 13 47 19 41 20

37 16 29 24 17 3

15625 6673 23614 9514 14665 6034

EBC
(ng-m3)

1.3 0.9 1.4 1.1 1.3 0.8

[ BREATHE schools are representative of the rest of schools in Barcelona ]

* Mean level of NO, is intermediate between traffic and urban background sites

* High levels of PM, ; in schools = Local (school) emission of PM, ;
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AVERAGE COMCENTRATIONS

~ Mean  SD  Mean  SD  Mean  SD [

NO, 30 13 47 19 41 20

37 16 29 24 17 3

15625 6673 23614 9514 14665 6034

1.3 0.9 1.4 1.1 1.3 0.8

[ BREATHE schools are representative of the rest of schools in Barcelona ]

* Mean level of NO, is intermediate between traffic and urban background sites

* High levels of PM, ; in schools = Local (school) emission of PM, ;
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AVERAGE COMCENTRATIONS

~ Mean  SD  Mean  SD  Mean  SD [

NO, 30 13 47 19 41 20

PM, 5 37 16 29 24 17 8

15625 6673 23614 9514 14665 6034

1.3 0.9 1.4 1.1 1.3 0.8

\

[ BREATHE schools are representative of the rest of schools in Barcelona

J

* Mean level of NO, is intermediate between traffic and urban background sites

* High levels of PM, ; in schools = Local (school) emission of PM, ;



COMPARISOM WiTH OTHER STUDIES

B Global MSummer IWinter

70 80
_ Indoor PM, 5 wem> Outdoor PM, 5 pgm
50 60

50

40

W s pmgs === === ==

20 ~

10 -

14.0 16.5

Indoor EBC Hg:m?

BREATHE CASSINO LISBON WROCLAW MUNICH STOCKHOLM ANTWERP  BREATHE CASSINO LISBON WROCLAW MUNICH STOCKHOLM ANTWERP
2012 2011 2009 2010 2005 2004 2003 2012 2011 2009 2010 2005 2004 2003



’gEA’QONAL ADJU’;fﬁAENT B (O BREATHE Schools EBC periLanster

O Reference Station High
NOT ADJUSTED ADJUSTED
6] EBC @,

EBC EBC
(ug-md) 2 (ng-m3)
o <1.20 ® <1.25
1.20-1.50 1.25-1.60
® >150 ® >160
= PM, .
PMZ.S
(ng:m3) 2
® <22
22— 28.50

® >2850




(O BREATHE Schools EBC perimeter

Low

O Reference Station High

= ‘ EBC = : PM,s

EBC
(ng-m?)
® 125
1.25-1.60

>1.60

UFP

(103 pt-cm3)

® <17
17 -24

® >24




(O BREATHE Schools EBC perimeter

Low
O Reference Station High
ADJUSTED - INDOOR
[ 2 EBC o " %
EBC
(ng-m?)
® 115
1.15-1.55
>1.55

UFP

(103 pt-cm3)
® <13

- 13-18
o >18




P, , CHERNCAL CORPOMENTS

PM, ; major and trace elements vs Spanish urban ambient air range W
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P, , CHERNCAL CORPOMENTS

PM, ; major and trace elements vs Spanish urban ambient air range W’

. "HU0Bhn .
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Querol et al. (2008)
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Science of the Total Environment 490 (2014) 757-765

Contents lists available at ScienceDirect

Science
Total Environment

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Sources of indoor and outdoor PM2.5 concentrations in primary schools @Cmsm

F. Amato **, I. Rivas *>%®f M. Viana ?, T. Moreno ?, L. Bouso ¢, C. Reche ?, M. Alvarez-Pedrerol "9,
A. Alastuey ?, J. Sunyer ><%¢, X. Querol ?




Source contributions (pg/m3)

PAA,, SOURCE APPORTIOAMEMT

40.0 -
35.0 A
30.0 -
25.0 A
20.0 A

15.0 A

1

10.0

5.0

0.0

Source contributions

Indoor

Outdoor

Organic/Textile/Chalk O
Heavy Oil 3
B Metallurgy
Sulphate & Organics
Nitrate
B Traffic
B Road Dust

Mineral
L- Sea Salt

SCHOOL

Palau Reial

(urban background)




Source contributions (pg/m3)

PAA,, SOURCE APPORTIOAMEMT

40.0 -

35.0 A

30.0 -

25.0 A

20.0 A

15.0 A

10.0

5.0

0.0

Source contributions

OC
Ca

Indoor

related

T E

1

Outdoor

Organic/Textile/Chalk O
Heavy Oil 3
B Metallurgy
Sulphate & Organics
Nitrate
B Traffic
B Road Dust

Mineral
L- Sea Salt

SCHOOL

Palau Reial

(urban background)




Source contributions (pg/m3)

P, , SOURCE APPORTIONRNENT

40.0 -
35.0 A
30.0 -
25.0 A
20.0 A

15.0 A

1

10.0

5.0

0.0

Source contributions

OC
Ca
Sr

Indoor

Mineral Type playground:
source
(ugm?) Paved Sand-filled
\ Indoor 3.6 9.1
Children Outdoor 2.5 16.0
related b
Organic/Textile/Chalk [
! ] 8 . 2
Heavy Oil
B Metallurgy
Sulphate & Organics
I

grounds:

Outdoor

SCHOOL

Palau Reial

(urban background)

Nitrate

B Traffic

B Road Dust
Mineral

) Sea Salt



P, , SOURCE APPORTIONRNENT

Source contributions Mineral Type playground:
40.0 - source
(ugm?) Paved Sand-filled
35.0 - \ Indoor 3.6 0.1
OC Children Qutdoor 2.5 16.0
00 Ca related |
B ] Sr I ——— Organic/Textile/Chalk O
Eloe s . (23
3 ) Heavy Oil
E 200 - ,// B Metallurgy
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Outdoor infiltration and indoor contribution of UFP and BC, OC, @Cmsmﬂ(
secondary inorganic ions and metals in PM> 5 in schools

I. Rivas * > 4¢%" M. Viana %, T. Moreno ?, L. Bouso ™ ¢, M. Pandolfi ?,
M. Alvarez-Pedrerol > ¢, J. Forns ™2, A. Alastuey %, J. Sunyer > <% ¢ X. Querol *




MFILTRATION OF AR POLLUTAUTS

® Cold Season

m Warm Season

INDOOR

120 P
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100 . R? = 0.02
y = 0,21% + 31.54
07 emg, o -"R2=0.05
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60

OUTDOOR

Cin =F inf C.out C

Dockery and Spengler (1981 ).

Similar results for OC and Mineral components




WMEILTRATION OF AR POLLUTAUTS
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WMEILTRATION OF AR POLLUTAUTS

)]

INDOOR

D
1

y = 0.90x + 0.16
R2=0.78
y=0.72x + 0.28

R2=0.71

EBC (ug:m?)

1 2

3
#® Cold Season m Warm Season

4

5 6
OUTDOOR

Cin=F inf Cout * C.ig

Dockery and Spengler (1981).
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WMEILTRATION OF AR POLLUTAUTS
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WMEILTRATION OF AR POLLUTAUTS
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FACTORS INFLUENCING INDOOR ~
CONCENTRATIONS

Building age
>1970 buildings:

@ +0.15 ug/m3

+1.95 ng/m?3

@ +0.09 ng/m?
@ +0.05 ng/m3

Y,.= 8, + 8, (outdoor concentration), + 8, (building age: <1970). + 8, (type of
windows: wood), + 8 (type of playground: sand-filled<20m), + u; + €;,




FACTORS INFLUENCING INDOOR ~

CONCENTRATIONS

Building age Type of window
>1970 buildings: Al/PVC windows:

@ @ +10.75 ug/m?
+0.15 ug/m3
@ -8.06 ug/m?3

3
+1.95 ng/m @ +2.25 g/m?

3
@ +0.09 ng/m @ +1.01 pg/m3

@ +0.05 ng/m? @ +0.23 pg/m?
@ +0.09 ng/m?3

Y., = 8, + 8, (outdoor concentration),, + 8, (building age: <1970). + 8, (type of
windows: wood), + 8 (type of playground: sand-filled<20m), + u; + €;,




FACTORS INFLUENCING INDOOR
CONCENTRATIONS

Building age Type of window Type of playground
>1970 buildings: Al/PVC windows: Sandy playgrounds:
@ +10.75 ug/m3 @ 5

@ +0.15 jig/m? +8.89 ug/m
@ -8.06 ,ug/m3 @ 5

3 +1.07 ug/m

+1.95 ng/m @ £2.25 jg/m?

3

@ +0.09 ng/m? @ +1.01 pg/m? @ +0.47 ug/m
@ +0.05 ng/m? @ +0.23 pg/m? 0 +1.04 ng/m?3
@ +0.09 ng/m?3 @ +0.11 ng/m3

Y. =8, + 8, (outdoor concentration), + 8, (building age: <1970). + 8, (type of
windows: wood), + 8 (type of playground: sand-filled<20m), + u; + €;,




OBJECTIVE 4

Indoor Air 2015 © 2015 The Authors. Indoor Air published by John Wiley & Sons Lid
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Spatiotemporally resolved black carbon concentration,
schoolchildren’s exposure and dose in Barcelona

Abstract At city level, personal monitoring is the best way to assess people’s l. RiwasL234 S D. Donaire-
exposure. However, it is usually estimated from a few monitoring stations. Our Gonzalez? |_ Bouso>3*
aim was to determine the exposure to black carbon (BC) and BC dose for 45 M. Esnaola?** M.Pandolfi’,
schoolchildren with portable microacthalometers and to evaluate the M. de Castr02'3'4 M. Viana'
relationship between personal monitoring and fixed stations at schools (indoor A . 234 '
. : M. AIvarez-PedremI

and outdoor) and in an urban background (UB) site. Personal BC concentra-

0 M. Nleuwenhuusen A
tions were 20% hlghcr than in fixed stations at schools. Linear mixed-effect Alastu 1S rn.qﬁ X. 0 I
modcls showcd low R bctwccn pcrsonal measurements and ﬁxcd statlons at as ev unye uero




CHILDREW'S PERSOMAL EXPOSURE

Commuting periods are clearly those with the highest EBC concentrations

Reference (Palau Reial)
= School Playground

School Classroom
Personal measurements

LOCATION (background shadow):




CHILDREA'S PERSOMAL EXPOSURE commuting e coros

with traffic rush hours

Commuting periods are clearly those with the highest EBC concentrations

Reference (Palau Reial)
School Playground

School Classroom
Personal measurements

LOCATION (background shadow):




CHILDREAN'S PERSOUAL EXPOSURE commuting e coocm.

with traffic rush hours

Commuting periods are clearly those with the highest EBC concentrations
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CHILDREAN'S PERSOUAL EXPOSURE commuting e coocm.

with traffic rush hours

Commuting periods are clearly those with the highest EBC concentrations
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CHILDREW'S PERSOMAL EXPOSURE
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CHILDREW'S PERSOMAL EXPOSURE
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CHILDREW'S PERSOMAL EXPOSURE

school indoor  m school playground home Home (sleeping) ® commuting other

)

mean 36 28" 26 3.5 39 1.8
404211 |
]

— Daily-int ted EBCd -d-

394224 || ] al Y"ln egra e ose g

392217 ] |

372206 ] |

372111 | |

343223 |

334113 |

333217 | ]

313115 ]

313114 ] |

283205 | ]

283121 ] |
] 1

—

274108
264221 ] [ ]

264108 I ]

252106 |

243202 ]
242202 ]
204119 ]
193119 I

193108 ]
183120

I
183118 | |
|
|

173311

|
173105
164113 L |
164108 I |
|

144112 |

143112 - ]

134109 ] |

134105 |
123113 ]
123110 ]

104110

]
104107 ]
84114 1 1
73213 |
73110 I
54225 ]
54115 -
44407 .
44122 I
34106 _
33101 1 H
5

10 15 20 25 30 35 40




CHILDREW'S PERSOMAL EXPOSURE

school indoor  m school playground home Home (sleeping) M commuting other

% time spent (in 24h) 24 - 17 41 - 6
% of daily integrated exposure 26 - 18 32 - 6

| | |
% of daily integrated dose 21 _ 15 20 “ 10
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CHILDREW'S PERSOMAL EXPOSURE

school indoor  m school playground home Home (sleeping) M commuting other

% time spent (in 24h) 24 - 17I | 41 | - 6
% of daily integrated exposure 26 - 18 32 - 6

| ! !
% of daily integrated dose 21 - 15 20 — 10
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CHILDREW'S PERSOMAL EXPOSURE

school indoor school playground home Home (sleeping) M commuting other

% time spent (in 24h) 24 7 17 41
| | |
% of daily integrated exposure 26 7 18 32
| | |
% of daily integrated dose 21 16 15 20
0% 20% 40% 60% 80% 100%

Commuting contributes to 20 % of the integrated daily dose
although it corresponds to the 6% of the time of a day.




CHILDREW'S PERSOMAL EXPOSURE

school indoor school playground home Home (sleeping) M commuting other

% time spent (in 24h) 24 | 7 ] 17I | 41 | - 6
! | | |
% of daily integrated exposure 26 7 18 32 - 6
! | |
% of daily integrated dose 21 16 ] 15 20 “ 10
0% 20% 40% 60% 80% 100%

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




CHILDREW'S PERSOMAL EXPOSURE

school indoor school playground home Home (sleeping) M commuting other

% time spent (in 24h) 24 | 7 ] 17 41 - 6
! | | |
% of daily integrated exposure 26 7 18 32 - 6
! | |
% of daily integrated dose 21 16 ] 15 20 “ 10
0% 20% 40% 60% 80% 100%

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




AGREERMENT BETWEEN FIXED STATIONS
AND PEP'QONAL AMEASUREMENATS

R2: 0.47 / 0.48
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AGREERMENT BETWEEN FIXED STATIONS
AND PEP'QONAL AMEASUREMENATS

R2: 0.75/0.79

R2: 0.47 / 0.48/

R2: 0.26 — 0.28
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POLICY MAPLICATIONS
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POLICY MAPLICATIONS

® 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




FUTURE RESEARCH

@ 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; with VOCs in indoor environments

® More studies involving personal measurements in children
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Air quality and exposure assessment:

RESEARCH ARTIGLE
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CONCLUSIONS

® 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, and UFP
concentrations. The gradient was blurred for PM, : (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, . concentrations.

o Sand-filled playground unusually increased PM, : 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).




CONCLUSIONS

® 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. . in the cold season.

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

to specific indoor materials emissions.




CONCLUSIONS

® 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.
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ATANOSPHERIC AERDSOLS
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PERSOMAL EXPOSURE AMD DOSE
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WMEILTRATION OF AR POLLUTAUTS

INDOOR
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FACTORS INFLUENCING INDOOR

CONCENTRATIONS
Building construction year: <1970 Type of window: wood (Ref: Playground: sand-filled <20m
(Ref: >1970) Al/PVC) (Ref: Paved)
Coeff % inFioor Coeff % in(_joor Coeff % inc_joor
median* median”* median*
(ng-m=) (ng-m=) (ng-ms)
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 1/0 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.
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AGREEMENT BETWEEN FIXED

All seasons

Cold Season Warm Season
Fixed-effect predictor (ug-m-) RC Intercept R? RC Intercept R?2 RC Intercept 2
(Hg-m®) (Hg-m®) (Hg-m®)

All day
EBC classroom fixed 0.95" 04" 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" 1.17 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 1.017 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
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