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Number of deaths by risk factor, World. 2019
Total annual number of deaths by risk factor, measured across all age groups and both sexes, AI R POLLUTION THE SI LENT KI LLER

= Change country

Air pollution is a major environmental risk to health.

High blood pressure - 10.85 million . By reducing air pollution levels, countries can reduce:
T = Pt P =P TTT YT very year, around :
Air pollution (outdoor & indoor) I 5.7 million 7 MILLION
Hiztrleodrre i ——=rrrriir= DEATHS
X DbE5_|tY I .02 million are due to exposure
Outdoor air pollution NG 2 51 million from both outdoor
Alcohol use |GGG - - million 3nd
Indoor air pollution GGG 2 31 million P
Diet high in sodium I 1.5 millicn
Diet low inwhole grains |1 1.5 million
Low birth weight ESSSSSSSE 1.7 million REGIONAL ESTIMATES ACCORDING
Secondhand smoke I 1.5 million More than 2 million
Unsafe water source | 1-23 million TO WHO REGIONAL GROUPINGS: in ngfEatst Aga Region °
Diet low in fruits I 1.05 million o
Child wasting | 753.045 More than 2 million
Unsafe sex _ 984.366 in Western Pacific Region
Low physical activity I 231,502 1 million
Unsafe sanitation | 735,525 in Africa Region
Mo access to handwashing facility 1 527,519 500 000
Diet low in nuts and seeds _ 575,139 deaths in Eastern Mediterranean Region
Diet low in vegetables [l 527,331 500 000
Drug use |l 4544792 deaths in European Region
Low bone mineral density [l 437.5324 More than 300 000
Chilld stunt'lng . 1!54.237 in the Region of the Americas
Mon-exclusive breastfeeding | 139,732
Iran deficiency | 42.34% . - SR TN . . .
Vitamin A deficiency | 23850 WHO Air Quality Guidelines set goals to protect millions of lives from air pollution.
Discontinued breastfeeding | 7,788 -
i il i il i CLEAN AIR FOR HEALTH #AirPolluti (@) Jora Heatth
o 2 million 4 million & million 8 million 10 million Ireoliution &7 Organization
Source: IHME, Global Burden of Disease (GED) COurWorldinData.org/causes-of-death » CC BY

P 1990 () 2019
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¢POR QUE DEBEMOS
PREOCUPARNOS POR LA
CALIDAD DEL AIRE INTERIOR?

De nuestro
o 00/ Sy ‘ 2 Sx
L] L] o
Se aplica a ambientes pasamos en el

de interiores no interior Mas contaminacion dentro que fuera

industriales: edificios
de oficinas, edificios
publicos (colegios,

restaurantes, lugares
de ocio, etc) vy

viviendas particulares : :
Aire Interior

Un adulto inhala 33 kg aire por dia (27m3x1,225kg/m?3)
2 kg liquidos y 2,5 kg comida
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¢POR QUE DEBEMOS
PREOCUPARNOS POR LA
CALIDAD DEL AIRE INTERIOR?

(Wang et al., 2021)

nie interior Mas contaminacion dentro que fuera
©5-100 um
Droplets

Can travel less
than 1 meter
Falltothegroundin |
under 5 seconds

.
Cannot be inhaled A\I@Elar ! Fomites: contaminated surfaces

©>100 pm <Im >lm

De nuestro
s \|nfected person Potential host .
TN 90% tiempo lo 2 25
Aerosols < AN i -_-",'.'.' o
\INriTt]Zitr;randbeyond “\ e . . pasa mOS en el
Can float in air for hours \ et — \

Can be inhaled /
AN |

Contaminantes Comunes del aire interior

Airborne 'NTCESIOR Pa|;|t\l/|cf(;as INTERIOR INTERIOR 2R
transmission of Respirazcién, PM2.5 SR Formaldehido Ozono
respiratory viruses: cocinar, UFP Pinturas,
including SARS-CoV, _ SEIAE Tubos de cocinar, fumar, e Interior:
MERS—CoV, influenza s poT\s/:)??):;as prﬁ:‘t;cizsa ’de co:;st::;‘:ién, | p:rifi-cadores
virus and respiratory Aerosoles fuentes SIS G cocin:ryf:;nar e:z';if,on
syncytial virus bioldgicos SCOVs =
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No podemos
controlar el aire que
respiramos en los
espacios publicos

(4

Drinking

Clean
Water

Water

Prof. Ole Fanger

Sino nos beberiamos el agua de la primera figura ¢ por qué nos conformamos con respirar el

aire exhalado por otros y el aire cargado de contaminantes de un espacio mal ventilado?
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FACTORES QUE AFECTAN A LA CALIDAD DEL AIRE INTERIOR

INSTITUTO DE INVESTIGACION
EN COMBUSTION Y
'CONTAMINACION ATMOSFERICA-

Actividades Contaminacion
de los exterior
ocupantes

Factores que

Disefio y .
mantenimiento afectan. ala Cal_ldad bPlap(ta:e,
de los edificios del Aire Interior . urbanisticos

Edificios, materiales de
construccion, mobiliario y

Ventilacion
productos de consumo
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PARTICULAS PM,, Y PM, .

Human hair
50-70 pm
(microns) in diameter

Fine beach sand
90 pm (microns) in diameter

Source: EPA, 2010.

Limite anual
UE: 25 pg/m3/OMS 5 pg/m?3

PM, : < 2.5 micras (um), unas 20
¢ veces mas pequefia que un

Areas en peligro Contaminadores

cabello humano de aire
Nasofaringe 5-10 pm
Q‘/ ©PM,,: < 10 micras (um), unas 5 Tréquea 3-5 um
. veces mas pequeiia que un
| cabello humano Bronquios 2-3 ym
- Limite anual Bronchioles 1-2 ym
o 5
g/m?3/OMS 15 Alvéolos 0,1-1 pm

Cabello Humano

OMS: Los riesgos para la salud asociados al material particulado En 2013 fueron clasificadas como

igual o menor a 10 y 2.5 micras (um) son de particular relevancia cancerigenas (cancer de pulmén) por la
para la salud publica . Pueden entrar en el torrente sanguineo y Agencia Internacional de Investigaciones
afectar al sistema respiratorio, cardiovascular y otros érganos. sobre el cancer (IARC) de la OMS
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CONTAMINACION DEL AIRE INTERIOR

COMPUESTOS ORGANICOS VOLATILES (COVs)

(Principales contaminantes del aire interior)

Materiales de
Construccidn

FUENTES
INTERIORES |

Perfumes

Plagumdas

Productos
cuidado personal

Velas aromaticas

Limpieza
en seco

Desinfectantes

}(J'mage courtesy of Foobot)

-
™=
Ly
A

E-.l. Detergentes y
\ suavizantes - =
— ; P \\i L Amd
_ i | & Productos de limpieza b &
Ambientadores e s . PR =B
— Pinturas - & é 4w i
- Tabaco Pegamentos Dlsolventes, ' ﬁ b - g !
' barnices b E ! :
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CONTAMINACION DEL AIRE INTERIOR

COMPUESTOS ORGANICOS VOLATILES (COVs)
(Principales contaminantes del aire interior) T T
Emissions of soot, PAHs, ultrafine particles, NO, and other

health relevant compounds from stressed burnir{g of candles in
indoor air

Christina Andersen® | Yuliya Omelekhina'® | Berit Brendum Rasmussen? |

Mette Nygaard Bennekov? | Sgren Nielsen Skov®* | Morten Kacks® | Kai Wang®® |
BoStrandberg6 | Fredrik Mattsson® | Merete Bilde?® | Marianne Glasius? |
Joakim Pagels' | Aneta Wierzbicka' ®

Problemas respiratorios,
Quemar una vela durante 1 h puede producir cardiovasculares y cognitivos
suficiente NO, como para aumentar la
concentracion interior proxima al limite
establecido por la OMS (200 pg/m3)

También genera:
Particulas (PM) y UFP
PAHs

COVs
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CONTAMINACION DEL AIRE INTERIOR

COMPUESTOS ORGANICOS VOLATILES (COVs)

(Principales contaminantes del aire interior)

Environ Sci Pollut Res (2013) 20:4659-4670
DOI 10.1007/s11356-012-1394-y

RESEARCH ARTICLE

Emission characteristics of air pollutants from incense

and candle burning in indoor atmospheres

A. Manoukian - E. Quivet - B. Temime-Roussel -
M. Nicolas - F. Maupetit - H. Wortham

[ Benzene (S0: Background)
[ Benzene (S1-54)
® HS-PTR-MSm/z=79

Compounds

Candle

Monoterpenes (C,oH,4)
Incense

Acenaphthene (Cj,H;g)
Acetaldehyde (C,H,0)
Acetone (C3HgO)
Acrylonitrile (C;H;N)
Benzaldehyde (C/HeO)
Benzene (CHg)
Biphenyl (C,H, ()
Butadiene (C4Hg)
Butyraldehyde (C,HgO)
Ethanol (C,Hs0)
Ethylbenzene (CgH, )
Formaldehyde (CH,0)
Furfural (CsH403)
Furfuryl alcohol (CsHeO,)
Hexaldehyde (C¢H;,0)
Isoprene (CsHg)
Linalool (C,oH,50)

Incense sticks emitted carcinogenic
substances (i.e., benzene and
formaldehyde) attaining the
concentration levels close
to the WHO guideline exposure
threshold values, i.e., 17 pgm=3
(concentration associated with an excess
lifetime risk of 1/10,000) and 100 pgm-3
(30-min average
concentration), respectively (WHO
2010).

Concentration (ug m*)
-]

! 5-Methylfurfural (C¢HgO,)
6 Monoterpenes (CoHj6)
Al 2 Naphthalene (C,oHg)
so {s“ s3 Pentanal (CsH,00)
27 = & = = - Pentanone (CsH;00)
0 Propionaldehyde (C;HgO)

T T T T
00:00 01:00 02:00 03:00 04:00

Time (hh:mm)

Styrene (CgHg)
Toluene (C;Hyg)
Xylene (C¢H,CHz),
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CONTAMINACION DEL AIRE INTERIOR

COMPUESTOS ORGANICOS VOLATILES (COVs)
(Principales contaminantes del aire interior)

¢LEEMOS LA ETIQUETA?

stana-Dy ate ao dia seguinte.

~ i omecin de seqr
j Leer atentamente y conservar la informacion de seguridad para futuras referencias. Utilizar
@* _ s insrccones e uso, MANTENER FULRA DE&TCA_NCE DELOS NI

ra el cuidads

1L‘ -~

essentialmist

@~
Ty

0 ¢l envase o la etiquet
posicion OFF. Utilizar dnicamente recambios Air Wick. No ingerir. En caso
,- g nformacion Toxicoldgica, teléfono 915 620 420.

@ Contiene Linalool, Gitral, Hexyl Cinnamal, Benzyl Salicylate. Puede provocar ina reacion

alérgica en la piel. Provoca irritacion cutdnea. Provoca irritacién ocular grave. Nocivo para los
0s acuéticos, con efectos nocivos duraderos. Contiene Isoloré?ﬁolano
Geranyl Acetate, (ethoxymethoxy)cyclododecane, 2 4-Dimethyl-3-cyclohexene Caroxaldenyde,
¢ Cournarin, Cinnamic Aldehyde, Isoeugenol y Delta Damascone, Puede provocar una feaccion
s alérgica. @ Contém Linalool, Citral, Hexyl Cinnamal, Benzyl Salicylate. Pode provocar uma reaccao

Problemas de salud: Irritacion sensorial, sintomas respiratorios y disfuncién pulmonar

Ingredientes ambientador + Ozono === Formaldehido + aerosoles (SOA) + particulas ultrafinas
(ej. Limoneno)

Problemas respiratorios y
cardiovasculares
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COMPUESTOS ORGANICOS VOLATILES (COVs)

(Principales contaminantes del aire interior)
- mwtlﬂlﬂ!ﬂw‘ .

Los productos con fragancias se
han asociado con una variedad de
efectos adversos para la salud:
migrafhas
ataques de asma

AMBIENTADORES :ﬁ [utiisation de & produit, Uise; gee
fspe s de sulvre de bonnes pr -

b
gr 11-15781022, 5C
peat: vand.
| @t 02 5913 (Nulk
{isterr ich.
& 0e0-20 4545
m;m
§( Johnson GmbH,
@ P CAUCIONES Glade® aerosol - Lu
ATENCI ¢ i
herosol  flamable. Recipiente @ presiin:
Manter  fuera del alc
@.Noe onera

dificultades respiratorias
problemas neuroldgicos
sintomas de las mucosas
y dermatitis de contacto.
(Steinemann, 2016)

e ] calor, de su
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COMPUESTOS ORGANICOS VOLATILES (COVs)

Promedio limoneno = 667 pgm-3

Cancer Infantil y mmmm limoneno  —@=formaldehido
Medio Ambiente
Presentacion del proyecto 1200 120,0

z
€ 1000 100,0
> =

= o

©

o 800 80,0 2

o >

2 =

£ 600 600 £

ninGs con cancer c 2
afanion 0 c

o N

© 400 40,0 -8

= o

()] -

o C

S 200 I I 200 8

(@] c

o

O

0 0,0
1 2 3 4 5 6 7 8

Semana

Correlaciéon Pearson=- 0,829*

Esta presente en productos de limpieza y cuidado personal, también esta presente como fragancia en los ambientadores
por lo que éste pudo haber sido su origen.

Guias Belga de calidad del aire: 450 ugm (valor guia largo plazo)
Reacciones secundarias con formacion de aerosoles
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COMPUESTOS ORGANICOS VOLATILES (COVs)

Cancer Infantil'y
Medio Ambiente

Presentacion del proyecto

Benceno-Casa 1 Benceno procedente
del exterior

13,6

T
o N

nincGs con cancer
afanion

Concentracion pg/m3

o N B~ O

BN dormitorio W 18/11 10:41-13:41 mmm17/12 13:26-16:26 —e—exterior
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Cancer Infantil'y
Medio Ambiente

Presentacion del proyecto

ninGs con cancer
afanion

COMPUESTOS ORGANICOS VOLATILES (COVs)

Se han identificado en todas los dormitorios siliconas ciclicas volatiles D4, D5 y D6.

Se han cuantificado con los captadores activos. La mayor concentracion se obtiene para la
D5 (30-132 pgm3). Se necesita una investigacion mas profunda para determinar el
comportamiento y distribucion de estas siliconas en ambientes interiores

e X
CH;

D4: octametilciclotetrasiloxano

[ St
a0 CH,
HsC

D5: decametilciclopentasiloxano

HCCls
HC . _Si.. CH;
0 0
/ \J
1 o1
H, ) \ “cH,
0 0
HyC L\ | _CH;
Mo N
HyC U“‘“si\ CH;
B CH

D6: dodecametilciclohexasiloxano
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I e" c e & e c n n 0 qu @ Cite This: Environ. Sci. Technol. 2019, 53, 1179211800 pubs.acs.org/est

= indoor
fluorescen
O light t
. . . . window
Indoor lllumination of Terpenes and Bleach Emissions Leads to - suniight
Particle Formation and Growth I cron— pazgg,as&
Chen Wang,’wﬂa Douglas B. Collins,”*® and Jonathan P.D. Abbatt" oligomers)
El uso de lejia genera grandes cantidades de compuestos clorados T P
< )
i o - '
En\llronmental X . .:\\—;?ﬁlzg-\
Science @’?ﬁéﬁ%ﬁ "‘N , //-)m _
Cl+ NO, + HCI
Processes & Impacts | oo Tt e
Vi Article Onli Aqueous bleach
E D ITO R IA L Vi::l‘?(’)urnal Ilcvfew I::u:ene
M) Check for updates | Indoor air: sources, chemistry and health effects
o N : xa , b Mattila et al., 2020
ﬁ:;;;;g;gjgo;iic::zré;rocesses Delphme K. Farmer@ and Marina E. Vance@ https://dx.doi.org/10.1021/acs.est.9b05767

Environ. Sci. Technol. 2020, 54, 1730—-1739
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PROYECTO HOMEChem (USA)

=P

oy

= Campaifa de aire interior donde los investigadores

simulares a diario las distintas actividades tipicas del hogar

como limpiar, cocinar, ventilar etc. (Arata et al., 2021)

El objetivo era conocer como las actividades cotidianas

influyen en las emisiones, las transformaciones quimicas y

en la eliminacion de gases traza y particulas en el aire

interior.

= Se observo que durante los periodos de no ocupacion de la
vivienda la concentracion de muchos COVs era superior a la
del exterior, relacionandose con las emisiones procedentes
de los materiales empleados en la vivienda, que son fuentes  «  finaimente, a partir de los resultados, se

The UTest House in Austin, Texas. Photo: Callie Richmond

potenciales de estos compuestos. simularon las emisiones de COVs durante

= Los experimentos realizados durante la ocupacion de las un periodo hipotético de 24 horas, lo que
viviendas mostraron la emision de grandes cantidades de demostré que las emisiones de la casa y
siloxanos (siliconas volatiles) empleados en los productos su contenido representaban casi la mitad
de cuidado personal. de las emisiones totales de COVs en

interiores.
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L0

Environmental
?,,Cj,ﬁ:;;&,mm S@ Ventanas y puertas cerradas
v i nine Cocinar es la principal fuente de particulas submicrométricas
% e Overview of HOMEChem: House Observations of La mayor concentracion de particulas ocurre durante el desayuno y
et o s roenee Microbial and Environmental Chemistry .
reacts 2018, 241280 K. Farmer, ©* M. E. Vance, ®° J. P. D. Abbatt.° A. Abeleira,” M. R. Alves, ¢ IOS SOfrltOS de ve rduras.

D.

C. Arata ® E. Boedicker,? S. Bourne,” F. Cardoso-Saldafia," R. Corsi, % P. F. DeCarlo, ®"
A. H. Goldstein, ©¢ V. H. Grassian, ©¢ L. Hildebrandt Ruiz, @' J. L. Jimenez, ®*
T.F. Kahan,®'™ E_F. Katz, ®" J. M. Mattila,” W. W. Nazaroff, © A. Novoselac,®

R ; /0S¢

M.

E. OBrien, ®" V. W. Or, ®9 s, Patel!
O'Brien, Or. S. Patel '|.2)(107 n

Wade," C. Wang, ®¢ 5. Zhou®"' and | (a) I:’ PM,IOiZD ] (b) Breakfast
- |:| PM, 510 1.1x10 ] \ Tqast
[ IPM, 5 = St“.'_.fry =
AVERAGING WHO 2021 AIR BF’M = Chili
POLLUTANT o~ 3007 0.5-1 2x10° Lasagna
TIME QUALITY GUIDELINE £ [ IPMy s «TE“
2 CIPM, s
g Q
PM2.5 (pg/m3) Annual 5 8 E’:
el
§ 150 + % 1x108 -
24-hour 15 =
PM1o (pg/m3) Annual 15 Ij
24-h 45 ° I l ' ' 0
-nour
Desayuno tostada sofrito Chili  Lasafia 1 10 100 1000 10000
D, (nm)

Fig. 6 (a) The highest mass concentrations by size (PMg 1, PMg s, PMy, PMs 5, PM;, and PMsg) during the preparation of each meal. (b) Particle
number size distributions (electrical mobility size: 4 nm—-532 nm; aerodynamic size: 542 nm-19.8 um) corresponding to the highest PM mass
concentrations recorded during different types of meals cooked. Mass calculations from size distribution measurements assume a constant

aerosol density of 1 gcm .
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Cocinado de alimentos

y oo — v v limpieza con terpenos
O NO =S . . .r
25 150+ —no, R {! limpieza con lejia
c o 100 — 20, 2 9
g o ., ) ?
o /
=
; 197 - cHey, i ;05-0 =
O o 1.0 - Li : =
_—_LE) _8- Imonene i 50 % g
1500 — e @
A %8 — 948
= ¥ . n
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La contaminacion
atmosférica de los
ambientes interiores
puede producir un riesgo
importante sobre la salud
de los ocupantes.

Gran cantidad de tipos
de contaminantes y sus

posibles efectos
combinados.

Efectos a corto plazo ’ Efectos a largo plazo

Irritacion de ojos, nariz y
garganta, dolores de
cabeza, mareos,

Exposicion cronica: Pueden
incluir enfermedades

respiratorias,
enfermedades del corazoén
y cancer.

fatiga y sintomas de asma
agravados o empeorados
entre los asmaticos
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ICCA
CONTAMINACION DEL AIRE INTERIOR Y SALUD
CONTAMINANTES DEL AIRE INTERIOR _ , _
Benceno No existe un nivel umbral por debajo del
L cual sea seguro para la salud
(2} Organization - 15 min - 100 mg m HEALH CANADA

ALITYNO HIY HOOANI HO4 SANITIAIND OHM

recias sz ELINO @

SELECTED
POLLUTANTS

Formaldehido
NO,

Hidrocarburos
aromaticos policiclicos-
Benzo(a)pireno

Compuestos halogenados

Material particulado
(PM10 y PM2.5)

ANSES-FRANCIA

1 hora - 35 mg m-3
PHE-REINO UNIDO

8 horas - 10 mg m™3
24 horas - 7 mg m3

30 min promedio- 100 pg m3

1 hora - 200 pg m3
anual- 40 pg m3

No existe un nivel umbral por debajo del
cual sea seguro para la salud. Todas las
exposiciones son relevantes para la
salud

Tricloroetileno: 2,3 pg m= da 1/10°
Tetracloroetileno. anual-250 pg m3

PM10 anual- 20 pg m3
PM2.5 anual — 10 pg m3
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EFECTOS EN LA SALUD

Table 3 Top ten diseases and risks associated with household air pollution

//link.springer.com/article/10.1007/s42452-019-0405-8

Disease/illness Causative pollutants Number of studies including Pooled Statistic References
meta-analysis - — )
Odds ratio Limits of CI (95%) Review Paper S N

Respiratory iliness Benzene, 1,3 butadiene, CO, 30 (10 case—control studies; 2.13 1.30-3.49 [13,70-72] :;ne%i?;:;t?::;izc:d;;m::::;f::\::‘;’::;’;he:::'c:;ource

formaldehyde, NO,, polycyclic 19 cross-sectional studies, 1 y 9 PP

aromatic hydrocarbons (PAHS), review) Fahad Ahmed' . Sahadat Hossain? . Shakhaoat Hossain? - Abu Naieum Muhammad Fakhruddin’ -

PM2_5, PM1 o 502 Abu Tareq Mot d Abdullah® - Muh d Alamgir Zaman Chowdhury* - Siew Hua Gan®
Asthma Animal dander, aldehydes, CO, 21 (4 case—control studies; 14 1.81 0.79-3.27 [13,72-77] & Springer Nature Switzerand AG 2019

dust, ETS, mono-aromatics, cross-sectional studies; 1 longi-

molds, NO,, O;, phenols, PM, tudinal study; 2 reviews)

pollen .
Pneumonia Asbestos, benzene, CO, formal- 27 (18 case—control studies; 2.50 1.51-4.3 [78-80] Altas concentraciones de

dehyde, NO,, PAHs, PM, 5, PM;,, 3 cross-sectional studies; 5 COVs en las casas estan

SO, cohort studies; 1 randomized .

control trial study) asociadas con un aumento

Tuberculosis Bacterial microorganism, 16 (13 case—control studies; 3 1.44 0.82-2.62 [14,81-83] .

kerosene, PM, pollens, tobacco cross-sectional studies) en Ia prevalenCIa de asmay

smoke rinitis en adultos.
Lung function reduction  Asbestos, CO, CO,, NO,, O;, 26 (9 case—control studies; 17 1.92 0.92-4.83 [13,84]

radon, SO,, tobacco smoke, cross-sectional studies)

vocs Los problemas de salud que
Cancer Asbestos, benzene, 1,3 butadi- 36 (35 case—control studies; 1 2.32 1.46-3.97 [30, 85-88] . .

ene, CO,NO,, 05, PMy 5, PMjo,  cohort study) resultan de la mala calidad del aire

radon and VOCs . . . .
Cardiovascular diseases ~ CO, CO,, NO,, O3, PM, 5, PM;,, 23 (13 case—control studies; 1 2.25 1.32-5.15 [89-93] interior no son faC|Imente

radon, SO,, tobacco smoke, cross-sectional study; 9 cohort A

VOCs studies) reconocidos y pueden afectar a la
Eye diseases Asbestos, CO, CO,, kerosene, NO,, 19 (8 case—control studies; 10 2.03 1.07-5.10 [94] . 4 z

03, 50,,VOCs cross-sectional studies; 1 rand- sa IUd del paCIente anos despues

omized control trial study) RO e * L

Pregnancy complications CO, CO,, ETS, NO,, O,, PM, Radon, 5 (4 cross-sectional studies; 1 1.65 1.27-2.22 [95-99] del Inicio de Ia exPOSICIon

50, VOCs cohort study) (Seguel et al.,, 2017 American
Sick building syndrome  Allergens, asbestos, bacteria, CO, 2 (1 longitudinal study; 1 cross-  1.32 0.95-2.27 [100, 101]

CO,, fungal spores, NO,, O3, PM,  sectional study)
S0O,, VOCs

https

Journal of Lifestyle Medicine)
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Zock JP, Plana E, Jarvis I, et al. The
use of household cleaning sprays and

The Use of Household Cleaning Sprays and s o ouschod dening sprays and
adult asthma. Am ir Crit Care Med. 1
Adult Asthma ol el e > 10 Paises Europeos —
An International Longitudinal Study » 3503 personas que limpiaron sus casas
y que no tenian asma fueron seguidas

durante 9 anos.

TABLE 2. ASSOCIATIONS BETWEEN THE USE OF CLEANING PRODUCTS AT LEAST WEEKLY AND THE
INCIDEMCE OF ASTHMA (n = 3,503)

Use = 1 d/wk Among  Current Asthma* Current Wheeze' Physician-diagnosed

Cleaning Product All Participants (%) RR (95% CI) RR (95% CI) Asthma® HR (95% CI)

Los resultados mostraron que el 42 %
Washing powders 78.6 1.10 (0.75—-1.63) 1.28 (0.91-1.81)  0.82 (0.43—1.54) N . .
Liquid multiuse cleaning products 83.1 0.94 (0.64—1.38) 097 (0.70-1.35) 0.98 (0.52—1.86) de los part|C|pantes, que I|mp|aron al
Polishes, waxes 8.7 112 (0.71-1.76)  1.19 (0.77—1.85) 1.42 (0.68—2.97)
Bleach 28.0 1.22 (0.83—1.80)  1.30 (0.90—1.87) 1.10 (0.56—2.17) menos una vez a la semanay,
Ammonia 7.2 1.40 (0.87-2.23) 1.31 (0.B1-2.13) 0.92 (0.33-2.59) experimentaron sintomas asma’ticos lo)
Decalcifiers, acids 1.1 1.06 (0.70-1.61)  1.18 (0.77-1.80)  0.25 (0.06—1.04) ,
Solvents, stain removers 5.5 1.54 (0.94-2.53) 2.00(1.30—-3.07)  0.48 (0.12—1.97) usaban medicacion para el asma y las
Furniture sprays .6 TAT (0.99—2.23) 1.96 (0.98—2.19) TAG (1.26—4.80) Mg q
Glass-cleaning sprays 221 1.35 (0.98—1.85) 1.49 (1.12—-2.00)  1.43 (0.84—2.44) sibilancias.

Sprays for carpets, rugs, c

6.1

Sprays for mopping the floor! 1.05 (0:59— 1 :351 1.03 m:59—1 :?91 0.93 {5:30—2:551

Oven sprays 2.0 0.87 (0.33-2.28) 1.24 (0.57-2.69)  0.63 (0.09-4.64) Los responsables: limpiacristales,
Ironing sprays 3.0 1.66 (0.92—3.00)  1.05 (0.48—2.30) 1.51 (D.46—4.96) . . .

Air-refreshing sprays T6.2 T71 (1.22—2.39) 1.36 (0.0B—1.88) T.46 (0.78—2.70) ambientadores Yy Ilmpladores de
Any spray 421 1.49 (1.12-1.99)  1.39 (1.06—1.80) 1.28 (0.78—2.09)

Any perfumed or scented prodoct e et E—T e e et T —2 2 muebles en spray'

Definition of abbreviations: Cl = confidence interval; HR = hazard ratio; RR = relative risk.

RRs*' or HRs" with 95% Cls from log-binomial*' or Cox proportional hazards® regression models, adjusted for sex, age, smoking
status, cleaning job, and study center. The reference category consisted of participants that used the cleaning product under study

never or less than once a week. Each association was derived from a separate regression model.

* Attack of asthma and/or noctumal attack of shortness of breath in the last 12 months and/or current asthma medication (n = 3,483).

" Wheezing or whistling in the chest when not having a cold in the last 12 months (n = 3,480).
_* Diagnosis of asthma with recorded year of onset (n = 3,446).

El uso de productos de limpieza en
spray puede ser un factor importatne
de Desarrollo de asma en adultos.
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Hu et al., 2019
Impact on lung function among children exposed to home

new surface materials: The seven Northeastern Cities Study in
China Indoor Air. 2019;1-10.
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International Journal of Hygiene and
Environmental Health

| journal homepage: www.elsevier.com/locate/ijheh

Household exposure to pesticides and risk of leukemia in children and
ladolescents: Updated systematic review and meta-analysis

Genevidve Van Maele-Fabry™", Laurence Gamet-Pavrastre”, Dominique Lison®

Liu et al., 2018

Household renovation before and during pregnancy in relation
to preterm birth and low birthweight in China s 201925200224

Paciéncia et al., 2018

Exposure to indoor endocrine-disrupting chemicals and
childhood asthma and obesity s, 20191-15.

Anne Steinemann ' (%)

Fragranced consumer products: exposures
and effects from emissions i qua Atwmos Heatth 2016) 9:361-866

Anne Steinemann'?

Chemical sensitivity, asthma, and effects from fragranced consumer
products: National Population Study in the United Kingdom

Air Quality, Atmosphere & Health (2019) 12371-377
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Levels and sources of volatile organic compounds including carbonyls @Cmm
in indoor air of homes of Puertollano, the most industrialized city in
central Iberian Peninsula. Estimation of health risk
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ARTICLE INFO

ABSTRACT

Article history:
Received 5 March 2015

Received in revised form 29 April 2015
Accepted 4 May 2015

Twenty nine organic air pollutants including carbonyl compounds, alkanes, aromatic hydrocarbons and
terpenes were measured in the indoor environment of different houses together with the corresponding
outdoor measurements in Puertollano, the most industrialized city in central Iberian Peninsula. VOCs
were sampled during 8 weeks using Radiello® passive samplers, and a questionnaire on potential VOCs
sources was filled out by the occupants. The results show that formaldehyde and hexanal was the most
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Application of gas chromatography coupled with tandem mass spectrometry | M)
for the assessment of PAH levels in non industrial indoor air ety
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José Albaladejo’, Beatriz Cabaiias®
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astlla La Mancha, Depe Quimic

Spain

Fisica, Facultad de Ciencias y Tecnologias Quimicas, Avenida Camilo José Cela s/n, 13071 Ciudad Real,

ABSTRACT

A gas chromatographic coupled to a triple quadrupole tandem mass spectrometric (GC-MS/MS) method was
optimized in order to measure the levels of polycyclic aromatic hydrocarbons (PAHs) in different non industrial
indoor environments using active (filter + XAD-2) and passive (polyurethane, PUF) samplers. Ultrasonic and
soxhlet extractions were used for active and passive samplers, respectively. The precision and accuracy of the
analytical methods used were tested by spiking PUF, filters and XAD-2 with different working standards con-
taining all analyzed PAH compounds. The proposed methods were applied to the analysis of real samples col-
lected in the urban area of Ciudad Real, Spain. Nineteen PAHs were investigated in homes and workplaces such
as petrol station stores (PSS), an underground parking office and the office of a periodic technical inspection of
vehicles (PTI). The range of individual concentrations of PAH collected with the active sampler was from non
detected to 144 ng m "~ * at home, from < LOD to 595 ngm ~* at PSS, from 0.08 to 492 ngm 2 at parking office
and from non detected to 93ngm ~* at PTI office. Passive samplers were only employed at homes and the
concentration range of PAH was from non detected to 5.1 ngm >, Naphthalene was the most abundant PAH in
all samples using active samplers while phenanthrene was the most abundant at homes using passive samplers.
Total cunc:ntrztmns of measured PAH (ZPAH) were as follow: 283ngm™* (home), 217-911 ngm” (PSS),
732ngm "~ * (parking office) and 216 ng m~* (PT office). Th d from ion
of PCA to the petrol stations stores accounting for 97.2% of the total variance.

A procedure (o estimate the measurement uncertainty of PAH collected with active samplers has also been
developed as it is an i in order to achieve e relative
were found to be in the range of 16-45% except for Acenaphthene whose uncertainty was around 54%.

1. Introduction

Polycyclic aromatic (PAHES) are consi as toxic

air cooking, tobacco smoke, wood burning as well as the penetration of
outdoor particulate and vapor phase PAHs into buildings have been

as major contributors to the indoor PAH air pollution [6].

Chemosphere 288 (2022) 132429
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HIGHLIGHTS GRAPHICAL ABSTRACT

+ Radiello ® passive samplers refilled in
the laboratory can be considered to
measure carbony! compounds in indoor
air.

« The median concentration of formalde-
hyde, benzaldehyde, valeraldehyde and
hexaldehyde was significantly higher in
the bedrooms.

o The median concentration levels in
bedrooms (ug m™?) were 34.2 for form-
aldehyde, 23.1 for acetone and 15.8 for
acetaldehyde.

« Indoor sources in university student flats
played a decisive role in the concentra-
tions of all measured carbonyls.

s ——

o All the carbonyls levels are below rec-
ommended indoor air quality guidelines
except acrolein.

:‘3‘”""’55 abundant VOCs measured in indoor air, with a median concentration of 55.5 and 46.4 pgm >, respec-
,\"1 d‘:;;g:; tively followed by butanal (29.1 pgm-?), acetone (28.4 jugm-?) and acetaldehyde (21.4 ugm-3). After
Vocs carbonyls, n-dodecane (13.1 g m ) and terpenes (a-pinene, 134 jsgm > and limonene, 134 pgm )

Passive samplers were the compounds with higher median conc The (1/0) ratios
Industrial area Puertollano that sources in the indoor environment are prevailing for most of the investigated VOCs especially for
Health risk limonene, a-pinene, hexanal, pentanal, o-xylene, n-dod and acetone
with /0 ratio >6. Multiple linear i lied to investigate the indoor VOC inants and
i re used i between VOCs. Finally, the life-
time cancer risk associated to for taldehyde and and they
varied from 7.8 x 10 to 4.1 x 10-4 for formaldehyde, from 8.6 x 10-° t03.5 x 10-* for aceu]dehyﬁe and
from 2.0 x 1076 to 1.5 x 10-5 for benzene. For formaldehyde, the attributed risk in most sampled homes
was two orders of magnitude higher than the one (10-5) proposed as acceptable by risk management

bodies.

©2015 Elsevier GmbH. All rights reserved.
Introduction of their time inside buildings. For most organic air pollutants, signif-

Exposure to indoor chemical air pollutants has a great impact on
our health (e.g. Billionnet et al., 2011) because citizens spend most

* Corresponding author at: University of Castilla La Mancha, Atmospheric Pol-
lution Laboratory, Research Institute for Combustion and Atmospheric Pollution,
Camino de Moledores s/n, 13071 Ciudad Real, Spain, Tel.; +34 926295300,

E-mail addresses: Florentina.vgarcia@uclm.es, Florentina VGarcia@gmail com
(F. Villanueva), Araceli.tapia@uclm.es (A. Tapia), mariano.amo@uclm.es
(M. Amo-Salas), Alberto.notario@uclm.es (A. Notario), Beatriz.cabanas@uclm.es
(B. Cabafias), Ernestom ataz@uclm.es (E. Martinez).

x.doi.org/10.1016]j.ijheh.2015.05.004
1438-4639/© 2015 Elsevier GmbH. All rights reserved.

icant correlations have been found between indoor concentrations
and personal exposure, although personal exposures are typically
vastly different from outdoor air concentrations (Payne-Sturges
et al, 2004; Sexton et al., 2004). Among the most important cate-
gories of chemicals that occur in the indoor air are volatile organic
compounds, VOCs, (such as BTXs benzene, toluene and xylenes) and
also carbonyls (mainly formaldehyde and acetaldehyde) derived
from furnishing material, paints, varnishes, solvents or cleaning
products (e.g. Clarisse et al., 2003 ; Zabiegala, 2006; Esteve-Turillas
etal, 2007).

VOCs emission arising from natural or industry/vehicles, for
example, contribute to formation of ozone and photochemical

persistent substances and are ubiquitous environmental pollutants with
carcinogenic and a number of other effects on human health [1].
Therefore, PAHs are generally included in monitoring programs and are
classified by the US Environmental Protection Agency [2] and the
European Community as priority pollutants [3]- In the outdoor en-
vironment, these pollutants are usually released from

An important aspect of air quality management is identification of in-
door PAH sources. Research in indoor air quality is important since
people spend up to 90% of their time in confined environments [1],
therefore indoor PAH concentration and their distribution must be in-
vestigated in order (0 reliable assess the level of human exposure.

The :

sources such as coal burning power plants, diesel- and gasoline-pow-
ered vehicles, home heating, and waste treatment [4,5]. In the indoor

- Onnespundmg author,

s: Florentina.vgarcia@uclm.es (F. Villanueva), gema.sevilla@cnh2.es (G. Sevilla), Soni

of a triple le tandem mass
(MS/MS) with selected reaction monitoring (SRM) mode or multiple
reaction monitoring (MRM) mode is more specific than a simple MS

sagrario. \ng ado@uclm.es (S. Salgado), Jose.albaladejo@uclm.es (J. Albaladejo), Beatriz.ca

hitps://dol.org/10.1016/}.microc.2018.06.021
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uclm.es (S. Lara), Mariapilar.martin@uclm.es (2. Martin),
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ARTICLE INFO

ABSTRACT

Handling Editor: R Ebinghaus

Fifteen carbonyl compounds were investigated in the living rooms and bedrooms of 25 university student flats in

Keywords:
Indoor air
Formaldehyde
Carbonyls
Passive samplers
PCA

Source identification

the urban area of Ciudad Real (Central Southern Spain) in wintertime. Carbonyls were sampled using Radiello ®

passive samplers refilled in the laboratory according to the method described in ISO 16000-3 Standard. The most

abundant carbonyls in the living rooms and bedrooms were

and ‘The median

acetone,

levels in the living rooms and bedrooms were: 28.6 and 34.2 pg

m~? for formaldehyde, 18.3 and 23.1 pg m~> for acetone, 14.3 and 15.8 pg m~> for acetaldehyde, 11.4 and 14.1

‘The median ion of formalde-

pg m ™2 for hexaldehyde and 10.8 and 12.4 pg m~* for
hyde, and was si

higher in the bedrooms than in the living

rooms. Indoor concentrations were significantly higher than outdoor concentrations for all carbonyl measured,

* Corresponding author. Universidad de Castilla La Mancha, Instituto de igacion en i6n y C

13071, Ciudad Real, Spain.
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La mala calidad del aire en los colegios se
ha relacionado con  enfermedades
respiratorias, asma, alergia y bajo
rendimiento escolar.
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Indoor and outdoor air concentrations of volatile organic compounds and
NO, in schools of urban, industrial and rural areas in
Central-Southern Spain

3

]

Florentina Villanueva **, Araceli Tapia ¢, Sonia Lara ?, Mariano Amo-Salas ¢

* Atmospheric Pollution Laboratory, Re ch Institute for ion and. Pollution, University of Castilla-La Mancha, Camino de Moledores s/n, 13071 Ciudad Real, Spain
" Castilla-La Mancha Science and Technology Park. Paseo de la Innovacion 1, 02006 Albacete, Spain

© Physical Chemistry Department, Faculty of Chemical Sciences and Technologies, University of Castila-La Mancha, Avenida Camilo José Cela sn, Spain

 Department of Mathematics, Faculty of Medicine, University of Castilla La Marncha, Camino de Moledores s/n, 13071 Ciudad Real, Spain

HIGHLIGHTS GRAPHICAL ABSTRACT

+ Twenty eight VOCs including carbonyl
compounds and NO, were quantified in
the schools in the province of Ciudad
Real, Spain.

+ The most abundant pollutants at schools
were the aldehydes formaldehyde and
hexanal

+ The higher concentration of benzene in
the industrial area reflects the magni-
tude of the contribution by petrochemi-
cal plant

- The persistent cyclic volatile
methylsiloxanes were identified in all

schools
ARTICLE INFO ABSTRACT
Article history: ‘Thirty two VOCs including alkanes, aromati It d carbonyl ith NO;

Received 14 June 2017 were investigated in a kindergarten classroom, a primary classroom and the playground in 18 schools located in

Received in revised form 21 November 2017 rural areas, an urban area (Ciudad Real) and an industrial area (Puertollano) in the province of Ciudad Real in cen-

Accepted 24 November 2017

i v tral southern Spain. The most abundant pollutants at d hexanal. After
carbonyls, n-dodecane was the most abundant compound in the study areas. The NO, concentrations were higher
Editor: P. Kassomenos in the urban area, followed by industrial area and rural areas. For benzene, its concentration in the industrial area
was significantly higher than in the urban and rural areas which reflects the magnitude of the contribution to the
Keywords: indoor air by i i i i rati
Volatile organic compounds multiple linear regressions and Spearman correlation coefficients were used to investigate the origin, the indoor
Carbonyl compounds pollutant determinants and to establish common sources between VOCs and NO,. Seven components were ex-
tracted from the application of PCA to the indoor measurements accounting for 77.5% of the total variance. The
1;:;:: air quality. analysis of ratios and i that sources in the indoor are pre-

vailing for most of the investigated VOCs. Benzene and n-pentane have a major relevance as outdoor sources,
while aldehydes, terpenes, alkanes and most aromatic hydrocarbons as indoor sources. For NO, ethylbenzene
and toluene both indoor and outdoor sources probably contributed to the measured concentrations. Finally, the

Spain

TG bustion and. ion, University of Castill ha, Camiy
13071 Ciudad Real, Spain.
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COVs y NO, en clases de infantil y primaria
RESULTADOS 28 COVs cuantificados y NO,

Alcanos
C5-C13, ciclohexano

' L Aromaticos
Formaldehido, acetaldehido,

acroleina/acetona, propanal,
croto

Terpenos
Limoneno
o-pineno

2-butoxietanol, canfeno, 3-
careno, o-cimeno, eucaliptol,

hidrocarburos
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Los siloxanos D4, D5 y D6 también se utilizan de manera extensa en una gran variedad de productos
cosméticos (cuidado de la piel, maquillaje, cuidado de cabello). La siliconas se utilizan por sus
propiedades uUnicas que aportan brillo y suavidad al cabello.

Otros usos: adhesivos, envases alimentos, limpiadores, insecticidas, plasticos, dentales etc...
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ESTUDIOS CONTAMINACION DEL AIRE INTERIOR
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COVs y NO, en clases de infantil y primaria

Compuestos carbonilicos: Formaldehido

oo - Formaldehido< 100 ug m3 (OMS)

. - rural>industrial>urbana con diferencias
significativas en infantil

40

Residential Indoor Air Quality
Guidelines for Formaldehydes

formaldehyde (pg m-3)

30+ -
L E -;dm Concentration Cﬂl
peri 3
o 1 ug/m’| ppb
g 1 hour 123 | 100 Eye irritation
Respirat
8 hours 50 40 sﬁplo;?
%5 in children

HEALTH CANADA

T
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COVs y NO, en clases de infantil y primaria

Benceno

<1 pg m=3 excepto en un aula de
infantil de un colegio cercano al

complejo petroquimico (2,1 ug m-
3)

BENCENO: NO HAY UN LIMITE POR
DEBAJO DEL CUAL SEA SEGURO
PARA LA SALUD (OMS, 2010)

»s1Aula infantil de un colegio cercano al complejo
\ "
2,0
£
5157
Ew—
°° =
1 =
0,01
Puelblos Puert:allano Ciudald Real
EXTERIOR:
BENCENO/TOLUENO
RATIO = 0,5 ORIGEN EN EL TRAFICO

La industria pretroquimica Sl
influyd sobre |la atmosfera de
Puertollano durante el periodo de
medida

Puertollano (0,78); Ciudad Real (0,49) y zonas rurales (0,62)
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COVs y NO, en clases de infantil y primaria

IDENTIFICACION DE LAS FUENTES (ANALISIS DE COMPONENETES PRINCIPALES-SPSS)

Nonano Acetona- Pentano
A 1 Tridecano
Decano acroleina

Heptano
P Undecano Benceno

Octano Etilbenceno

Ciclohexano .
Etilbenceno Tolueno M,p-xileno

Formaldehido

Undecano

Estireno

MATERIALES DE DISOLVENTES

CONSTRUCCION LIMPIEZA TRAFICO
REVESTIMIENTO

ACABADO MADERA

MOBILIARIO PIZARRA BLANCA .
Limoneno

FUENTES INTERIORES
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A screening tool for assessment
of health risks from combined
exposure to multiple chemicals

in indoor air in public settings for
children: methodological approach

ORGANIZACION MUNDIAL DE LA SALUD (OMS)-2018.

Desarrollo de una herramienta para calcular el riesgo
acumulativo de la exposicidon a contaminantes del
aire interior en los colegios
Sistema respiratorio
Sistema nervioso
Sistema cardiovascular
Carcinogenicidad
Irritacidn del sistema respiratorio
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neastus-ummcs A screening tool for assessment of health risks from combined exposure to multiple chemicals ICCA
in indoor air in public settings for children: methodological approach oS e

ANNEX 1. LIST OF PRIORITY CHEMICALS INCLUDED IN

) vorkd et THE SCREENING TOOL FOR ASSESSMENT OF RISK OF
# ganzaton COMBINED EXPOSURE TO HAZARDOUS CHEMICALS

A HFL, '-Ulm

Methods for sampling and
analysis of chemical pollutants Abstracts Ser

In IﬂdOOI’ air 1 Oxygenated Aldehydes Formaldehyde 50-00-0

volatile organic
Supplementary publication to the screening tool for assessment of 2 g Acetaldehyde 75-07-0

health risks from combined exposure to multiple chemicals in indoor air ?::;K?Ougg?

3 Volatile organic Aromatic hydrocarbons Benzene 71-43-2

4 compounds (VOCs) Ethylbenzene T

: mxylene o m .p—) e
108-38-3/106-42-3

No. Chemical family Substances Chemical

Abstracts Services

:Stwene L3 lista inicial de

~ contaminantes medidos en
aulas de paises europeos
incluia 100 compuestos

10 Esters  Bubylacetate J238ed
11 Terpenes 138-8

Limonene

i G Tetrachloroethylene T
hydrocarbons
4 T"Ch'ome‘“”"e”e?g 01 5
15 Polycyclic aromatic Naphthalene 91203
hydrocarbons (PAHs)
16 Semi-volatile PAHs Benzo(a)pyrene 50-32-8
organic
compounds
(SVOCs)
17 Inorganic Nitrogen dioxide (NO,) NO, 10102-44-0
compounds




ANNEX 2. OTHER POLLUTANTS OF CONCERN IN INDOOR @
AIR ICC

INSTITUTO DE INVESTIGACION
EN COMBUSTION Y
CCONTAMINACION ATMOSFERICA

No. Chemical family Substances No. Chemical family CrtEETES

1 Particulate matter Particulate matter with an aerodynamic diameter below 10 pm 35  Organophsophate flame Tributyl phosphate (TBP)
(PM,;) 35  retardants (OPFRs) Tris(2-butoxyethyl) phosphate (TBEP)

2 Particulate matter with an aerodynamic diameter below2 5 pm 37 Tris(1-chloropropan-2-yl) phosphate (TCPP)
(PM,.) 38 Tris(2-chloroethyl) phosphate (TCEP)

3 Inorganic compounds Carbon monoxide (CO) 19 Chlorinated paraffins (CPs)  Short-chain CPs (SCCPs) (C,, )

4 Ozone (03) 40 Medium-chain CPs (MCCPs) (C,, ,,)

5 Phthalates Diethyl phthalate (DEP) 41 Long-chain CPs (LCCPs) (C,, ;)

6 Diisobutyl phthalate (DIBF)

7 Di-n-butyl phthalate (DnBP)

8 Musks Galaxolide

9 Tonalide

10 PAHs Acenaphthene

1 Acenaphthylene

12 Phenantrene

13 Anthracene

14 Benz[a]anthracene

15 Benzo[b]fluoranthene

16 Benzo[j]fluoranthene

17 Benzo[e]pyrene

18 Benzo[ghi]perylene

19 Benzo[k|[fluoranthene

20 Chrysene

21 Dibenz[a,h]anthracene

22 Dibenzola,l|pyrene

23 Fluoranthene

24 Fluorene

25 Indeno[1,2 3-cd]pyrene

26 Pyrene

27 Brominated flame retardants 2 4 4'-tribromodiphenyl ether (BDE 28)

28 (BFRs)—polybrominated 2.2' 4 4 tetrabromodiphenyl ether (BDE 47)

g9  diphenyl ethers (PBDEs) 22" 4 4 5 pentabromodiphenyl ether (BDE 99)

30 2,2' 4 4’ 6-pentabromodiphenyl ether (BDE 100)

3 2,2' 4 4 5 5 -hexabromaodiphenyl ether (BDE 153)

32 2,2' 344 5 6-heptabromodiphenyl ether (BDE 183)

33 223344 55 6 6-decabromodiphenyl ether (BDE 209)

34 1,2-dibromo-4-(1,2-dibromoethyl)cyclohexane (DBE-DBCH)
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Assessment of CO5 and aerosol (PMa, s, PM;o, UFP) concentrations during
the reopening of schools in the COVID-19 pandemic: The case of a
metropolitan area in Central-Southern Spain

Florentina Villanueva®, Alberto Notario >*, Beatriz Cabaias >, Pilar Martin ™,
Sagrario Salgado™®, Marta Fonseca Gabriel =

* Universidad de Geselle La Manchs, Futiute Cbznr firice, Carsing de Melsd: 15671, Giedad Recl, Spain
> Fargue Gy Tesneligio e Casilla L Manshe, Desco & s b 1, 02006, Albaces Sy

. s A o e/ 2307, Condni Rl

pam

© INBGL et of 2t sk 2 induzrial Sngieering Campus dx FEUP, Ruz Dr. Roberss Frics 400, 4300-465, Porta, Porzazel

ARTICLE INFO ABSTRACT

Eepuerds ‘Public healdh authorities I i ventilation is promoted in
COVID-19 pandemic classroems to aveid SARS-CoV-2 transmission in educational environments. In this work it was aimed to assess
Paricalsie mate wentilation conditions (carbon dioxide, CO) and suspended particulate matter (PM 5, PMzo and UFP) levels in

SARS-CoV-2 rammmission risk misigasion

Sehon] et 18 classrooms - including preschool, primary and sscondary educafion — located in the metropolitan area of

Ciudad Real, Central-Southern Spain, during the school's reopening (From September 30th until Oetober 27th,
2020) after 2bout 7 months of lockdown due to COVID-19 pandemic. The classrooms that presented the worst
indoor environmental eonditions, accerding t the highest peak of concenuation obained, were pardieularly
explored to idendfy the possitle influencing faccors and respective oppormunities for improvement. Bri
official
recommendations is guarantesing adequate ventlaton conditions in most of the studied elassrooms, thus
‘minimizing the risk of SARS-CoV-2 airborne transrmi total of 5 (26%) surveyed elassrooms were found to
exceed the recommended CO; concentration limit \alu& (700 ppm). In general, preschool ooms were the
educational envi . while -

Tighest peak: and average CO; concentraions. In mum, for PMz s, PMso 2nd UFP, the coneentrations assessed in
preschools wers, on average about 2eld grester fhan the levels cbained in both primary and sscondary
elassrooms. In fact, the indoor PM, ; and PM, Timits of
Shr-exposure, established by WHO, in 63% and 326 of the surveyed classrooms, raspsctively. Overall, it is
expected that the findings presented in this study will asist the establishment of evidence-based measures
{namely based on ensuring proper ventlation rates and air fltration) to mitigate preventable environmental
Tarm in public sehool buildings, mainly at loeal and national levels

Venslasion condision:

1. Introduction confirmed cases of SARS-CoV-2 in Germeny and France (I5CITL, 20202).
At that time, 44,554 cases were confirmed by the WHO (44,235 in China

The causstive pathogen of the COVID-19 outbreak has been identi.  and 310 in the rest of the world - 37 in the European Usion), including
fied 2¢ 2 highly infections novel coronavirus referred 2z severe acute 910 deaths among the confirmed cases (908 in China and 1 outside of
respiratory syndrome coronavirus 2 (SARS-CoV-2) with originin Wehsn  China) (ISCIIL, 2020s). The first officia] death from COVID-19 reported.
(December 2019) that continues to spread globelly. On February 116h,  in Spain eccurred on February 13th and consisted of a 69-years-cld man
the first tivo cases were confirmed in Spain. These were labelled sz who previously travelled to Nepal (ISCITL, 2020b). Until Oetaber 28th,
imported cases of infection, since they were related to contacts with 2020, 2 total of 1,136,503 confirmed cases and 35,466 deaths have been.

* Corresponding auther. Energy Group (INEGD, Campus da FEUP, Rua Dr. Reberio Frias 400, 4200-465, Porto, Portugal.
E-mall address mgabriel20023@gmail com (MF. GabrieD).

https://doi.org/10.1016/].envres 2021 111002
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Abstract

Studies about the identification of SARS-CoV-2 in indoor aerosols have been con-
ducted in hospital patient rooms and to a lesser extent in nonhealthcare environ-
ments. In these studies, people were already infected with SARS-CoV-2. However,
in the present study, we investigated the presence of SARS-CoV-2 in HEPA filters
housed in portable air cleaners (PACs) located in places with apparently healthy peo-
ple to prevent possible outbreaks. A method for detecting the presence of SARS-
CoV-2 RNA in HEPA filters was developed and validated. The study was conducted
for 13weeks in three indoor environments: school, nursery, and a household of a
social health center, all in Ciudad Real, Spain. The environmental monitoring of the
presence of SARS-CoV-2 was conducted in HEPA filters and other surfaces of these
indoor spaces for a selective screening in asymptomatic population groups. The ob-
Jjective was to limit outbreaks at an early stage. One HEPA filter tested positive in
the social health center. After analysis by RT-PCR of SARS-CoV-2 in residents and

healthcare workers, one worker tested positive. Therefore, this study provides direct

Funding information
Diputacion de Ciudad Real; Fundacion
Eurocaja Rural

1 | INTRODUCTION

of virus-containing aerosols trapped in HEPA filters and the possibility of
using these PACs for environmental monitoring of SARS-CoV-2 while they remove

airborne aerosols and trap the virus.

KEYWORDS
aerosols, HEPA filter, indoor air, portable air cleaners, SARS-CoV-2, surveillance

infection control practices, mainly by promoting frequent hand hy-

giene, guaranteeing periodic cleaning of surfaces, physical distance

On March 11, 2020, the World Health Organization (WHO) declared of at least 1.5 m, and increasing ventilation of the indoor spaces

officially a global pandemic caused by coronavirus discase 2019 by opening windows and doors. In fact, the ventilation conditions
(COVID-19), a highly transmittable and pathogenic viral infection caused ~ during the first month of reopening schools in classrooms surveyed
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2).12 in Ciudad Real (Spain) were greatly better than those reported pre-

In Spain, schools and many nurseries re-opened in September  viously in the literature, being the median concentration of CO,
2020 after 7 months of lockdown with the establishment of rigorous  of 539 ppm for preschaols and 565 ppm for primary classrooms.®

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, dist
provided the original work is properly cited.

bution and reproduction in any medium,

©2022 The Authors. Indoor Air published by John Wiley & Sons Ltd.

Indoor Air. 2022:32:¢13109.
https://doi.org/10.1111/ina.13109

wileyonlinelibrary.com/journal/ina 1of9
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EVALUACION DEL CO, Y AEROSOLES EN LA REAPERTURA DE LOS COLEGIOS EN 2020
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1 | INTRODUCTION

On March 11, 2020, the World Health Organization (WHO) declared
officially a global pandemic caused by coronavirus disease 2019
(COVID-19), a highly transmittable and pathogenic viral infection caused
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)."?

In Spain, schools and many nurseries re-opened in September
2020 after 7 months of lockdown with the establishment of rigorous

This is an open access article under the terms of the Creative Commons Atf
provided the original work is properly cited.
© 2022 The Authors. Indoor Air published by John Wiley & Sons Ltd.

infection control practices, mainly by promoting frequent hand hy-
giene, guaranteeing periodic cleaning of surfaces, physical distance
of at least 1.5 m, and increasing ventilation of the indoor spaces
by opening windows and doors. In fact, the ventilation conditions
during the first month of reopening schools in classrooms surveyed
in Ciudad Real (Spain) were greatly better than those reported pre-
viously in the literature, being the median concentration of €O,
of 539ppm for preschools and 565ppm for primary classrooms.®

n License, which permits use,

on and reproduction in any medium,

Indoor Air. 2022;32:¢13109.
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Durante las 13 semanas de estudio:

Colegio Guarderia Residencia

NEGATIVOS Deteccion de 1 caso asintomatico POSITIVO

Por tanto, este estudio proporciond evidencia dierecta de aerosoles que contienen el virus atrapado en los filtros HEPA y
la posibilidad de emplear los purificadores de aire con filtros HEPA para la monitorizacion atmosférica del SARS-CoV-2 al
mismo tiempo que eliminan el virus del aire y lo atrapan.
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Portable air purification: Review of impacts on indoor air quality
and health

Emily Cheek ', Valentina Guercio ', Clive Shrubsole, Sani Dimitroulopoulou *

Air Quality and Public Health Group, Environmental Hazards and Emergendies Department, Centre for Radiation, Chemical and Environmental Hazards, Public Health England, Harwell Campus,

Didcot, Oxfords hire, United Kingdom

ABSTRACT

Asystematic literature review was carried out to examine the impact of portable air purifiers (PAPs) on indoor air
quality (PM, 5) and health, focussing on adults and children in ind cor environments (homes, schools and offices).
Analysed studies all showed reductions in PM; 5 of between 22.6 and 92.0% with the use of PAPs when compared
to the control. Associations with health impacts found included those on blood pressure, respiratory parameters
and pregnancy outcomes. Changes in clinical biochemical markers were also identified. However, evidence for
such associations was limited and inconsistent. Health benefits from a reduction in PM; 5 would be expected

as the cumulative body of scientific evidence from various cohort studies shows positive impacts of long-term

reduction in PM, ; concentrations. The current evidence demonstrates that using a PAP results in short-term

reductions in PM; 5 in the indoor environment, which has the potential to offer health benefits.

HIGHLIGHTS GRAPHICAL ABSTRACT

+ Due to time spent indoors, buildings are

Difference in indoor PM, . concentrations between control and intervention

important modifiers of population scenarios
health
+ Where source control is not possible,
pollution mitigation strategies are 1
required :
+ Portable air purifiers with filtration i
reduce indoor PM» 5 concentrations ¥
* Current epidemiological evidence -i Lll = L l.-.l.l. Ll i L
on health impacts is limited and S f"}é‘;“:’f’ # v‘*’_*‘*’_‘-.‘-’ &P & 77 /s & g &
inconsistent "' .f; -’tr‘}}f “{é"‘ ’ f"f

+ Costly interventions for vulnerable
groups must avoid increasing health
inequalities

Crown Copyright © 2020 Published by Elsevier B.V. All rights reserved.

MEJORA LA CALIDAD DEL AIRE EN LOS AMBIENTES
INTERIORES EN CUANTO A LA REDUCCION DE
MATERIAL PARTICULADO POR LO QUE ES DE
ESPERAR QUE RESULTE EN BENEFICIOS PARA LA
SALUD.
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“Lo que no se define no se puede medir.
Lo que no se mide , no se puede mejorar.
Lo que no se mejora, se degrada siempre.”

William Thomson

Fisico y matematico britanico (1824 — 1907)
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