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Executivesummary

Children and adolescents aparticularlyvulnerable toenvironmentalrisk factors includingair pollution

because their brains, lungs and other organs are still developitdg f RNB y Qa sardiigjheiitfah y 3 NI
those of adults and theinhalemore air per kilogram body weighBecause of their smaller height, they

breathe air closer to the grounds where some pollutardse emitted especially from traffic. ldldren

inhale a larger fraction of air tbugh their mouth than adultswhich isexpected toresult ingreater air

pollution penetration into the lower respiratory tracEurthermore, their respiratory tracts are more
permeable. AdditionallyD K A f R NJB yare draidsteRstill Slévelopingind they have narrower blood

vessels, whiclputs them at particular risk. As their immune system is also still developing, it is weake

than in adults, hence, polluted air can affect childetrongerthan adults.

In order to present the statef-the-art knowledge for the health effects for children relatedambient

and indoor air pollution,multiple umbrella revievs were conducted. The results of recent most
comprehensive and high qualisystematic reviews havieeensystematically evaluatedVVe considered
intervention studies as a special case of evidence generation as it may directly point to solutions to
improve the situationPrioritization of topics among numerous potential health risks and pollutants is
based on available evidence, potaithealth impact on population level, potential individual health risks
for exposed children, possibility to conduct interventions and specificity of the topic for children in Europe.

Ambient air pollution is characterized by various pollutants from a \@iday of sources. Pollutants can
be solidor liquid aerosolge.g. particulate mattersvolatile compoundsor they can be gaseous (e.g.
nitrogen dioxide or ozone). The main sectors contributing to emissions of air pollutants in Europe are
transport, resilential/commercial and institutional energy supply, industry, agriculture and waste
managementWith respect tohealth effectsthe systematic reviews showesirong evidence for effects

of ambient air pollutioron mortality,the respiratory endpoints devepment of asthmagxacerbation of
asthmaand allergiesdecreased lung function and lung function development, and respiratory infections.
BEvidencefrom the systematic reviews wasoderate for adverse birth outcomesich agpreterm birth,low

birth weight,and small for gestational agas well aglevelopment oleukemia A growing body of studies
show to date moderate evidence witldverse neurodevelopmental outcomeékhere are indications that
children exposed to ambient air pollution arestricted in their cognitive developmeninight show
structural changes in the brain amde more likely to be diagnosed with autisffor other outcomessuch

as cardiemetabolic endpoints the evidence was less stroriblood pressure, overweight, changes in
glucose metabolism)

About 12% of the childreim Europeare regularly exposetb secondhand smokat home, although since

the last two decades, tobacco smoke exposure in public places but also in private detsiggsficantly
decreasing in many European countries. Systematic reviews andanatgses providedtrongevidence

for the development of asthma and severe asthma attacks in relation to secondnaokkegxposure.

Overall, there is someeported evidence that postnatal secondhand smoke exposure causes allergic
disease. Adverse effects due to prenatal maternal exposure were less consistent. A general challenge is
the differentiation between effects from prenatal (maternal) and postnatal SHS expasure they are

often highly correlated and suspect to exposure misclassification.

Formaldehyde has been produced on a large scale for more than 100ayeHssused as a binding agent

in chipboardand as a preservative in paints, varnishes and cosmetis an easip-clean additive in
textiles, as a disinfectant and in the production of synthetic resin. The main effect of inhaled formaldehyde
is irritation of the upper respiratory tract. Studies in children addressed mainly development of asthma or
execerbation of asthma symptoms. Current available studies cannot solve whether there is a causal
relationship between indoor formaldehyde exposure and asthma in children.

Every 8 household in European countries is impacted by dampness anttinibhe exposures in mouldy
indoor environments are complex and diverse. A number of microorganisms, such as mould fungi, yeasts,
bacterig and alsomites are related to mould infestation. Rbermore, microbial metabolites and other

ETCHE Repor2022/22 6
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compounds (MVOC) and microbial fragments such as conidia and fragments of mycelia are commonly
found in indoor air ad dust. Children are considered to react more sensitively to mould and dampness

due to several physiological properties such as the less developed immune system. To date, studies have
provided reliable evidence for a number of health outcomes of the ragpy tract including development

of asthma, exacerbation of asthma, allergic rhinitis and wheeze in children exposed to mould. Mould
exposures tend to benore stronglyassociated to health outcomes than dampness, and indoor mould

related fungakpecies tend to lead to more severe health outcome than outdoor related species.

Most outdoorair interventions aiming taeduce the health impact of both outdoor and indoor air
pollution for children at school and at home target at a reduction of motakizaffic emissions and an
increase of active transportation. Howevengasurements of theffect of intervention measures on air
pollution concentrationand exposureare relatively scarce in the scientific literature. Even less data is
available for the balth effects. Thus, the benefits are miystlerived indirectly from welestablished
exposureresponse associatian It was found that the creation of é&chool stree¢ with a temporary
closure of (part of) a street near the school gateffers benefitsor air quality, but also leads to more
active commuting to and from school and possibly respiratory health bené&fies siting of a school in a
low-pollution area, away from busy roads, seems straightforward in achieving health effects, however this
affects the commuting mode being active or passive. Childrerredincethe exposure to air pollutants
while walking to school along background routes and by avoiding major intersections. A route to school
informational intervention seemed effective as the midfy of the participants changed their trajectory

to school to less polluted routesConcerning the design of school and childcare facilities, the
implementation of green infrastructure such as ivy screen may help to reduce pollutant concentrations
and cantribute to an improved mental wellbeing of pupils. It is also expected to enhance physical activity
and social interactions in playgrounds. The implementation ofdavission zones in many European cities
improved ambient air quality, but not to the levef the 2021 WHOAmbient Air Quality Guidelines.
Interventions in schools to improve indoor air quality show potential, however the number of
interventions that can be implemented in existing schools are limited due to the high costs involved.
Interventions are therefore mostly limited to awareness caigps and ventilation strategies, which show
moderate success and rely strongly on the participation and motivation of the occupants of the
classrooms. Strict smoking bans at places where children stay is an effective and relevant intervention.

For all evluated pollutants, the reported effect estimates derived from various rretalyses are
generally small for the individual. However, most of them affect the whole population to some extent.
Thus, even a small increase of e.g. asthma risk by around 108&Qdieer 10pg/m3increased longerm
exposure) in the children population is considerable. Thus, the public health impact and the economic
costs of ambient air pollution are considerabla. the literature searchwe found little data on the
assessment oflisease burden from these indoor and outdoor pollutants in childidowever these
numbers are likely an underestimation since many possible health effects are not well stedr¢kis
review we focussed on wedtudied subject and did not consider foics where the data is scarce such as
health effects from carbon monoxid€O)or volatile oganic substances (VO@)is also wetknown that
development deficits in childhood may only materialize at old age. For instaediejts in the lung
function a cogniion may be compensated in the young age to some extent, but maghrestical
threshold at old age earlier than for people with a undisturbed development.

For several pollutants we found indications thatce@conomic status is an importapredictor for
exposurein the sense that children with lower socioeconomic status are exposed to higher levels of
pollutants. This is an important factor that should be considered in future prevention stratfgesoor

and outdoor air pollutants.

A key finding obne of ourumbrella revievg arethe fact that data on the effectiveness of interventions to
reduce exposure levels and/or health risks in children are scarce. There is thus an urgeiot rzeleetter
understarding about which interventions are most useful to prevenvironmental health problems. It is

ETCHE Repor2022/22 7



often complex to evaluate the effectiveness of interventions, in particular, if they are restricteddo |
settings. Nevertheless, policy makers should havimtmest to know how effective interventions are and
we recommend for the future that introduction of intervention measures aompaniedwith a
thorough evaluation.In conclusion, the comprehensive review of this report demonstrates that
environmentalpollutants affect the health of European childrend informs about helpful preventive
interventions Although there is still considerably uncertairtipoutthe magnitude of the health risk and
about the effectiveness of interventions, preventive actians warrantedIn future reportshealth effects

in children from otheresearch areas such as noise, climate change and chemicals will be dealt with.

ETCHE Repor2022/22 8



Tablel: Health outcomes withsufficient evidence of health effects from ambrg and indoor air

pollution
Environmental factor Health Outcome
Mortality Mortality
Infections (ALRI/pneumoniatitis media)
Respiratory | Lung function(acute and growth)
outcomes Asthma
Asthmaor allergyexacerbation
Ambient air pollutiori!l Low Birth weight / SGA
Slijr':(r:]omes Preterm Birth
SGA
Neurodevelopment
Neurological |Autism
Leukemia
Asthma, wheeze (onset)
Respiratory | Asthma attacks/exacerbation
outcomes LRI
Otitis media
_ SIDS
outcomes and| Cryptorchidism
developmental org| clefts
effects
Fetal measurements
Perinatal death
Others Surgical outcomes

[1] Only outcomes witmoderate up to strong strength of evidence in our overall assessment based on
existing reviews were included in the summary table. Low to very low levels were excluded.

[2] Note: Health effects of exposure to formaldehyaewell as dampness and moyasindoor air
pollution) were evaluated, buto strong evidence of associatiovas found Therefore, this is not

included in this summary table.

[3] Only outcomes with sufficient strength of evidence in at least one of the considered reviews were
included inthis summary table.

ETCHE Repor2022/22 9



1 Introduction

Though most children in thEuropean UnionEU are generally in good healitd), there arereasons for
concern about environmental health risks to children and adolescents in Europe. Not only are they
especially susceptible to adverse environmental factors, but increasing evidence shows that they also may
be more exposed to many environmentasks, including unsafe home environments; accidents and
injuries; road traffic; polluted indoor araimbientair, water, food, and soil; environmental radiation; and
noise (5). Ambient air pollutionis the man environmental helth risk to dildren in the EU, where i
significantly associated wittburden of childhood sthma. Other significant proven sources of
environmental burden of disease in children in the EU inchet®ndhandobacco smokéSHS)endocrine
disrupting chemicals, mould and dampness, and in some locations(@eadClimate change tends to
affect the most vulnerable, including children, disproportionatelprébver, European youth suffers both

the environmental and climate impacts on their health and the-angiety and climate anxiety of present

and looming crise$8). Harmful exposures to environmental factors start prenaté¥ly and change in
nature and intensity throughout childhood and adolescence, at schools, at home and the larger built
environment, in a complex network of cause and effect. Furthermmwer children tend to unsurprisingly

be systematically more exposed to and affected by environmental (1€Rs

Protecting our children has been frequently cited as a key reason in the political stateifidnts
accompanying the major EU policies on climate amdehvironment, though mentions of children in the
actual policy documents varies across areas. The Zero Pollution action plan and Chemicals strategy for
sustainability(12) both identify them as vulnerable to pollution and specifically target chemical safety in
child products, respectively. Climate related major documents such as the EU climate law and the EU
adaptation strategy make no explicit mention ofldnén, though they stand to benefit majorly from both
efforts, as well as from the building renovation wave stratét), the farm to fork strategy14), and

various other efforts under the European Green Deal. Child protection and health related European
policies address various aspects tbé prevention of environmental health threats to children and
adolescents. The EU strategy on the rights of the ¢hBdlaims at ensuring the right to healthcare for all
children, incldling public health and environmental health prevention. The Beating Cance(1®Blguts
childhood canceinto the spotight, including prevention, research and monitoring.

The roll out and implementation of all these efforts can be supported by focuseth-date facts and
FAIAdZNBE | 02dzi GKS aO0OASYOGAFTFAOFLEtE LINRPOSY STFSOG 2
effectiveness of policy intervention$heaim of this task is to provide such facts fingt conducting a
scopingreview of the scientific literature related tmdoor andambientair pollutionto identify the key

topics and the literature research strategy followed byuambrella review.

Indoorand ambientair pollution is particularly relevant for children's healtit many reasond. KA f RNBy Qa
breathing rates arehigher than in adults and they take in more air per kilogram body weBgittause of

their smaller height, they breathair closer tothe groundswhere some pollutants, especially from

traffic, are emitted.Their acquired dose is also elevated since they breathe faster and are often more
physically activ¢3). Moreowver, dhildren inhale a larger fraction of air through their mouth than adults.

Due to their increased amount of oral breathing, they are expected to have greater air pollution

penetration into the lower respiratory tractvhich isnore permeablg17). Additionally,children are still

developing their bodie§l8)andthey have narrower blood vessels, which make them at particular risk.

As their immune system is also still developing, it is weaker than in adults, henceéegalir affects

children strongethan adults(19)(Figurel).

ETCHE Repor2022/22 10



Figurel.:

Development in lungs, heart, blood and body composition, liver, stomach, liver and kidney
across pediatric age ranges fromremature infant (<37 weeks gestation) to child /

adolescent (216 years of age). Adapted from the work of Yellemiabt al. (20)

Developmental changes Premature infant (<37 Child up to
weeks of gestation) Neonate (<28 days) |Infant (<1 year) Toddler (2-3 years) /Adolescent (2-16
years
Lungs Ventilation rate ‘High (30-60 breaths/min) High (22-34 breaths/min) Normal (12-16) >
Heart Cardiac output ‘High (0.3-4 L/kg /min) Normal (4.7 L/kg/min) >
Body fat ‘Luw (3%) Low (10-15%) Normal (11%-30%) >
Body surface area to weight ‘High Normal
Blood &
body Serum protein levels Low (45-73 g/dL) Normal (65-85g/dL)
Body water ‘High (80-90%) Normal (55-60%) >
Liver CYP450 content ‘an (30%-60% of adults) Normal
Gastric pH ‘High (4.8) Normal (1.5—3.5}}
Stomach Gastricemptying ‘High (45 min) Normal (75 min)
Glomerular filtration rate Low (5-10 mL/min/m?) Low (10-15 mL/min/m?) Normal (73 mL/min/m?) >
Kidney Renal tubular secretion ‘Luw Normal
Legend: Low or high level Normal level &,

compared to adults for adults

Children and adolescents can be exposed in different settaigsome, in education facilities like schools
and during the commute and activities in their spare time. In general, they are likely to be more exposed
not only through their increased breathing rate, but also by the fact that they spend more time outdoors
and are more active.

Regarding the differentiation between health effects on children and adolescents, our data did not enable
us to discriminate between the two age groups. Most longitudinal (cohort) studies make use of birth
cohort data. We believe isia question of funding and feasibility to follakildren through the teenage
yearsinto adulthood. Thus, there is not much data on teenagBwsspite the lack of daf we very much
believe thatin case of vulnerability of the braimot only thebrain of small children might be affected by

air pollution but also that the time of theemodellingof the brain duringadolescences vulnerable to
stressors such as air pollution.

2 Methods

We defined ive areas of research: a) ambient air pollution, b) secondhand smoke (as subdivision of indoor
air pollution), c) formaldehyde (as indoor air pollution), d) dampness and mould (as indoor air pollution)
as well as e) interventions fdhe previous onesGiven the numerousscientific articles and additional
amounts of grey literatureve performedtwo kind of reviewdor each of the five above mentioned areas

of research Thus, we carried owt scoping review to identify the key topics and the literature research
strategy followed by amumbrella review(umbrella+ review in the case of ambient air pollution and
interventions) In brief, an umbrella review relies on secondary literature thatdie=ady summarized the
primary literature; systematic reviesvand metaanalysesor reports from agencies such as the US
environmental protection agency or Uidports. In caseof umbrella+ review, ifve were not able to
ARSYGAFTe NBEOGASBaE BB{ARBRAAY2{FAYVEHESO&GdZRA SaThes A G K
steps followed in the scoping reviews and the umbrella (+) reviews are described in the chapters below

ETCHE Repor2022/22 11
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2.1 Scopingeview

2.1.1 Aim

Theaim of the scoping review is to identifyghly relevantnvironmental health risks of children to be
further investigatedin anumbrella review. A topic refers to specific outcomes, exposure conditions and
possibly age group as incident of asthma in relation to ambient ultrafine particles in infants.

2.1.2 Selectioncriteria

Literature

In a first step, it was clarified, which topicstémms of exposure and health outcomes should be covered
by the subsequentumbrella review and for which topics original key studies should be included in the
review process. For characterizing a topicwe refer to PEC®ICO scheme population,
exposuréint ervention, comparisorand outcome.

Forthe scoping reviewwe heavily relied on the following reporsid papers

w Compendium ofVorld Health OrganizatioWfHO and otherUnited Nations N) guidance
on health and environmen21).

W The Lancet Commission on pollution and healtl,@22)

w Environmental Burden of Childhood Disease in Eu(@pe

For specific main arsaof researt), we have further considered the following additional key reports
(sources) fothe selection of relevant outcomes and exposure conditions.

Air pollution:

1 LUDOK literature database on health effects of ambient air pollutiovw(.ludok.cl).

91 Integrated Science Assessment of Criteria Air pollutants bylUhiéed States Environmental
Protection AgencyUS EP¥X17,17,2326).

1 Report on Health risks of ambient air pollution in Eurdpethe WHO HRAPIE project (Health risks
of air pollution in Europe(27).

Indoor air:

1 A screening tool for assessment of health risks from combined exposure to multiple chemicals in
indoor air in public settings for children: methodological approgs3).

f Chemical pollutionofindodr ANJ I YR AG& NARZP). F2NJ OKAf RNByQa K

f ! yLdzotAaKSR NBLER2NIL 2F | .!Qa ! YD9t LINR2SOG OKA

Topics

To select toprs, wefollowedthe PECSand PICOBamework as defined b€ochrane groug30). It helps
define the inclusion and exclusion criteria for the population, exposure / intervention, comparator and
study design considered

Population’'We defined the eligible age groups to bd8.Studies refer to children in general or to certain

age groups such as ndverns(<1 month), infats (<1 year), children (12 years) and adolescents: (18
years).For birth related outcomesexposure during pregnancy is considered relevalakceptionally,
higher ages were accepted if age groups could not be disaggregated or if interventions targeting adults
lead to health impacts for childrein the case of ambient air pollution, if a study ird#d age groups up

to 21, this was also acceptable since these are late adoles¢&hjts

Exposure/interventionWithin each topic it is defined what type of exposure is raldvFor instance, for
air pollution, different types of pollutants may be selected.

Comparatorit is beyond the scope of this review to conduct a matelysisbut quantitative statements
refer to the question whether a threshold exists, how much the risk is increasing per unit of exposure and
whether current regulatory limits are preventing health consequences.

Outcomesit will be specified which outcomes/diases are considered.

ETCHE Repor2022/22 12
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There are numerous environmental exposures, which may be relevant for the health of children and
adolescents. For some of these exposures, research is scarce and thus evidence for risk evaluation is
limited. For others, the risk may hde a priority, althoughit may not be negligibleeither. Thus, a
prioritization is done based on the following criteria:

w Available evidence

w Potential health impact on population level
w Possibility to conduct interventions

w  Specific for children and Europe

For potentially relevant topics that have not been considered, the main reg®omoninclusionare
discussedwith respect to the criteria above.

We consideed intervention studies as a special case of evidence generation as it may directly point to
sdutions to improve the situation. In the scoping review, we have thus considered intervention topics,
which are of high relevance for the health of children and adolesc@vesexplored intervention research
based on the exposures that weidentified as elevant for the health of children and adolescearsd
prioritised as part of the scoping revielmtervention studies and reviews on interventiomgere relevant
exposures were evaluatedreincluded in the scoping reviewor each type of interventiothe evaluated
lifestyle and health oicomesand publishedtvidence are identified

2.1.3 Slectedtopics

Ambient air pollution

Ambient air pollutionaffects practically all organ systems, and the developing bodies and brains of the
unborn child, infants, children and adolescents are at particular risk. Not only does air pollution affect
children in this critical phase of developmebyt they also terd to be more exposed due to different
behaviour, breathing patterns and metaboligirable2).

ETCHE Repor2022/22 13



Table2:

Evaluation of priority criteria for various exposure outcome combinations fombient air

pollution
Pollutant / | (Anthropogenic) | Outcomes Available Potential health | Suitable European
Source Emissionsource evidence impact on | for context
population level | interven-
(PAF) tions
PMsor PMyo | Primary particles] Various  shorterm | Various reviews Unknown but likely| yes yes
Industrial and longterm | with  different | to be relevant given
processes, roaq mortality, respiratory,| grades ® | high exposure|
traffic, power | cardiovascular  and eyidence prevalence
plants, domestic| cognitive endpoints|
burning, and birth outcomes
incineration,
resuspension  of
road and
construction dust,
secondary
particles: formed
from precursors
NG, NO, NOx| Formed  during| Various mortality,| Various reviewq Unknown but likely| yes Yes
high temperature| respiratory and| and original| to be relevant given
combustion of| cardiometabolic studies availabld high exposure
fuels. Main| endpoints (e.q. prevalence
sources are road asthma development
traffic, domestic| asthma exacerbation
heating and| respiratory infections
power plants. such as pneumonia)
Ozme Secondary Shortterm exposure| Various reviews Unknown but likely| Yes, yes
pollutant formed | associated with| with  different | to be relevant given| indirect
from  precursor| respiratory endpoints,| grades of| high exposure
pollutants NGO | longterm  exposure| evidence prevalence
and VOCs fron| possibly with
traffic and | metabolic endpoints
industrial though no specifig
activities data forchildren
SQ Formed by| Shot-term exposure| Comprehensive| Unknown but likely| yes Yes
burning sulfur| associated with| integrated to be relevant given
containing fuels| respiratory endpoints,| science high exposure
such as coal o assessment prevalence
diesel. Power USEPASQ (24)
plants, industry, and various
road traffic .
reviews
CcO Formed  during| Sufficient evidence fo] Comprehensive| Unknown but likely| yes yes
incomplete cardiovascular effect{ integrated to be relevant given
combustion with| though  not  and| science high exposure
lack of oxygen| sufficiently relevant| gssessment prevalence
Main source is| for children " usepa c@32)
road traffic. adolescents
Black Carbon | Part of PM,| Birth outcomes,| To be| Unknown but likely| yes Yes
formed during| cardiovascular  and determined to be relevant given
incomplete respiratory outcomes, high exposure
combustion leukemia in children prevalence
mainly from
domestic biomass
burning and road
traffic
Benzene Road traffic Cancer, respiratoryy Reviewg33,34) | Unknown yes yes
effects and anaemia
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Pollutant / | (Anthropogenic) | Outcomes Available Potential health | Suitable European
Source Emissionsource evidence impact on | for context
population level | interven-
(PAF) tions
Ultrafine Road traffic,| Cognitive Little research| Unknown but likely| yes yes
particles airports/aviation, | development and| with emerging| to be relevant given
biomass burning| various endpoints evidence(17) high exposure
industry prevalence
VOCs Industry, traffic Respiratory  effectd Little evidence| Unknown yes yes
(symptoms, from ambient
exacerbation ofl air pollution
asthma), neurological yesearch(34)
effects
PAH /| Domestic heatingl Leukemia and othef Beyond cancell Unknown and
Benzo(a)pyre | with biomass /| endpoints in adults only| multiple exposure
ne coal, road traffic suggestive pathways (other
evidence(35) than ambient air)
Lead Traffic and| Cognitive and othe Comprehensive| Unknown and| yes yes
aviation through| endpoints integrated multiple  exposure
burning of leaded science pathways (other
fuels and metal assessment than ambient air)
smelters (26,32)
Other metals | (Metal) Industry,| Cognitive and otherl Mostly Unknown yes yes
in PM (Nickel,| road traffic, | endpoints inconsistent
Zinc, energy sector evidence on
Vanadium, metals other
Iron, Copper, than Nickel,
Cadmium, Zinc, Vanadium
Arsenic) Iron, Copper
(36)
Trafficrelated | - Various outcomeq Various reviewg High since traffic i yes yes
air  pollution such as respiratory| with different | major source of aif
(TRAP cardiometabolic, grades of| pollution in urban
cognitive and| evidence contexts
reproductive
outcomes
Industry - Various endpoints Dependent on| Small, since poin] yes yes
pollutant sources
emissions and
variable
Biomass - Various  outcomes| Few studies forl Depending on| yes yes
burning such as respiratory] ambient air| primary source off
cardiometabolic, pollution from | heating, higher in
cognitive and| piomass burning Northern countries
reproductive (36) _and low and rr_liddle
outcomes income countries
Desert dust - Same as for PM Role beyond| Unknown no Southern
effects of PM European
unclear(37) countries
more
exposed
to desert
dust
events
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Various source§/,17,23.27,32,33,35,36,38fentified the following air pollutants, that have been widely
assessed and related to specific adverse (clinical) endpoints (in children):

w Particulate matter: Pids, PMo

Oxides of nitrogen: nitrogen dioxidBl(), NOx, NO
Ozone

Sulfur dioxide (S

Carbonmonoxide (CO),

Black Carbon

Benzene

eEegegeege

Additionally, health effects for the following pollutants are less well documented and the umbrella review
¢ possibly making use of individual studies instead of revigmeeds to clarify whether there is sufficient
evidence for health effects of these pollutants on children and / or adolescents:

w Ultrafine particles

w Volatile organic compounds (VOG$ossibly more an indoor air pollutant

w Polycyclic aromatic hydrocarbons (PAHswith benzo(a)pyrene as indicator or reésrce
compound

w Lead and other metals in BM

Specific source categories might also be considered for the umbrella review:

W Traffic related air pollution (TRAP)

W Industry
W Biomass burning
W Desert dust

We compilel health effects of ambient air pollution by combining various air pollutants and indirect
measures of traffic as exposures and restricting the umbrella review to the following identified health
outcomes.

1 Mortality

1 Respiratory effects: impaired lung funaticexacerbation of disease, symptoms, wheeze, asthma
development, respiratory infections such as otitis media, pneumonia, acute lower respiratory
infections (ALRI), allergies and eczema

9 Cardiometabolic effects: increased blood pressure, hypertension, tybasipaired glucose
metabolism

9 Birth outcomes such as preterm birth, lower birth weight, small for gestational age, stillbirth,
malformations

1 Neurocognitive effects: neuro development, diseases autism spectrum disorders and attention
deficit syndrome (ADHD or ADD)

9 Childhood cancer: leukemia

Important risk factorsincluded

Particulate matter including ultrafine particles and metals found in PM

Particulate matter is the air pollutant that is most widely studied with various health effectsattdlio

its exposure ranging from cardiorespiratory effects to neurodevelopmental and metabolic effects.
Particulate matter is a mixture of particles most commonly measured as particulate mass of particles with
a diameter of 10 um or less, of 2.5 um or less, of 1 um or less or as the number of particles (among others)
with submicron width often referred to a ultrafine particles. Particulate matter is emitted as primary
particles from industrigbrocesses, road traffic, power plants, domestic burning, incineraéigngulture,
resuspension of road and construction dust, or formed as secondary particlepfeaursorsimportant
emitters for these precursors are the agricultural sector with its ammonia emissions and nitrogen dioxide
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from traffic, household and the industriParticulate matter contains various components such as organic
and inorganic componestcontaining metalsoot / black carbonmaromatic hydrocarbons, inorganic salts
or inorganic dustAccording to the most recent Global Burden of Disease study for @®)%round 8.6
million DALYs were attributable mbientPM, s in the European region. Around 186,000 DALYs were
found in the age groups below 20 years of age. Particulate mBit&s, PM..s and ultrafine particles are
therefore selected for inclusion into the umbrella review.

Oxides of nitrogen

Oxides of nitrogen itludingNG,, NO and NOx are formeslring high temperature combustion of fuels

by oxidation of nitrogen from ambient air. They are precursors for the formation of secondary particulate
matter and ozoneNGQ; is a reactive gas that leads to increased sympasand emergencies due to
respiratory disease and seems to cause asthma. According tbehkh risk assessmemstudy for air
pollution carried outby the European Environment AgenciEA (40), 40,400 premature deaths were
attributed to longterm nitrogen dioxide exposur@ 2019.Therefore, aides of nitrogen ee selected for
inclusion into the umbrella review

Ozone

Ozone is a secondary pollutant formedthe atmosphere when heat and light cause chemical reactions
from precursor pollutantiNO, and VOCs. Thegegecursorsare emitted by traffic and industrial activities,
though VOCs are aldmogenic. Ozone is a reactive gas that is associated witkdased symptoms and
emergencies due to respiratory disease and increased mortality as well as metabolic dffectSEA
attributed 16800 premature deaths to shoterm ozone exposure in 201&0). Therefore, ozone is
selected for inclusiomto the umbrella review

Sulfur dioxide

Sulfur dioxide is formed during combustion of sulfur containing fossil gl as coal or diesel. Power
plants, industry, road traffi@are the biggest emitters. Sulfur oxides are also precursors for particle
formation in the atmosphere. Sulfur dioxide is an irritating gas to the respiratory system andesmort
exposure leads to areased symptoms and emergencies due to respiratoryadis®eople with asthma,
particularly children, are especially sensitive 3®. Therefore,SQ is selected for inclusion into the
umbrella review

Soot / Black carbon

Black carbon is part of PM, formed during incomplete combustion mainly from domestia$sdourning

and road traffic. Black carbon has been widely studied as an important component of PM and important
indicator for trafficrelated air pollution. Soot is a carcinogenic and shag well as longerm health
effects on cardiorespiratory diseass well as mortality have been descriliéd).

Metallic components of PM

Metals in ambient air such as lead or copper can be components of fuels and emitted by combustion of
these or are a result of abrasion and wear of motors, brakestisesl Important emitters aréndustries,

road traffic and the energy sector. The highdaxive potential of metals and their direct neutoxicity in

the case of lead are critical chatagstics that led to selection déad, nickel, zinc, vanadium, iron, copper,
cadmium, and arsenic for thanbrella review

Benzene

Benzene is a knowruman carcinogen and an important hazardous air pollutant. Gasoline service stations,
motor vehicle exhaust and fuel evaporation, the burning of coal and oil are important emitters of Benzene.
Therefore, it was selected for the umbrella review.
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Risk factos not systematically searched for
PAHs

Polycyclic aromatic hydrocarbons PAdtfis a group of chemicals with high numbers of single candidates
that can have harmful effects on human healBenzo(a)pyrene is the component that is often used as an
indicator r the toxic mixture of PAHs emitted from incomplete combustion of fossil fuels and wood. A
recent review by the LTRAP/WHO Task Force on H&8)lidentified health effects of PAHs beyond their
activity as carcinogen. Even though there were studies indicating effects on the respiratory, cardiovascular
and neurological systems and birth outcomes with evidence from mechanistic studies, the evidence was
limited. Additionally, it is difficult to disentangle effects from PAH exposure from air from oral intake by
roasted foodsSelected substances from this group can be considered if the EEA assigns a higher priority
to these chemicals in terms of theiryis F2 NJ OKAf RNBy Qa KSIf i K®

Not selected topics

The CO and VOG@Gther than benzenare not considered for inclusion into the umbrella review.
The evidence for CO beyond clinically relevant cardiovascular effects in adults is onlyigaggest
but not sufficien, to infer a causal relationship of respiratory effects in child{8g). VOCs is a
group of highly volatile organic compounds and are considered more an indoor air pollution
problem. They are important as precursors for the formation afngzin ambient air. There might

be locally higher exposures in ambient air in industrial zones, but for the general population the
exposure in ambient air is considered negligible. Benzene is considered as an important
component of the mixture.

The specific sources of air pollution (except traffic related air pollution) are not separately
considered in this review since the various selected pollutants cover their most important
emissionsindustrial air pollutionDepending on the industry, potlants and exposures can vary
greatly and it is not possible to make general statements on toxicity of industrial exhaust as such.
This kind of exposure might well be captured with the generally higher exposure to regulated,
classical air pollutants like BMQ, and SQ and specific metals in PM such as Arsenic, Cadmium
and Nickel, of which industrial burning of coal, (heavy) oils and waste and partly road transport
are important source¢4?2).

Biomass Burning: Withis @n be an important source of cancerogepalutants such as PAHSs,
soot and particulate matter, studies that study effectsamhbient air pollutionas opposed to
indoor air pollution through biomass burning on health effects in children are s¢aége

Desert Dust: Southern European countries are more exposeddert dust events than Northern
countries. Such events can dramatically increase air pollutant levels of particulate matter.
According to a review by Tobias et @3)short term health effects are found during desert dust
episodes in different regions of the worldut in a number of cases the results differ when it
comes to associate the effects to the bulk PM, the desert-8Mt or nonrdesert dustPM. These
differences are likely due to the different monitoring strategies applied in the epidemiological
studies, ad to the differences on atmospheric and emission (natural and anthropogenic) patterns
of desert dust around the world. A thorough additional review of the evidence is not warranted,
since desert dust are covered with health effects of PM. According tbeabepractice statements
form the WHO air quality guideling87), interventions include early warning systems to avoid
exposure duringlust events and regular street cleaning and sweeping to reduce resuspension of
dust in streets.
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Indoor air pollution

The quality of indoor air is an important health determinant for children and adolescents because they
show speciatharacteristicswhich increase their vulnerability towards adverse health effects. During this
stage of life, the development of organs can also be disrupted by the exposure towards pollutants from
indoor air and children show generally higher breathiates which increases the uptake of pollutants.
Depending on age, children spend most of the time in indoor environments such as schoalarelay
centres kindergartens or their home. Here different sourcesifatoor air pollutioncan be found with
varyng concentrations. Sources wfdoor air pollutionemissions in general include building materials,
furniture and consumer products, combustion processes, smoking, and the penetration of polluted
outdoor air. In studies across the European Region, mora 8t chemicals were detected in public
settings for children and many have reported concentrations in indoor air exceeding guidance(84)jues

To evaluate the health effects of a selected group of indoor air contaminants for the Task 3.2.6.2 key
literature was screened and experts from the EFHEwere consulted. A twiiered approach was taken to
start with indoor air pollutionmost relevant forpublic health.

Indoor air can contain a variety of pollutants which at certain concentrations may have adverse effects on
human health. Based on expert consultation a list of relevant candidate risk factors in indoor air was
composed. This list forms theabis for further prioritization of pollutants for thembrella review
(Table3).
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Table3: Candidate list of relevant risk factors DKSYA Ol ta Ay AYR22N |
health
Nr. Risk factor | Emission Health outcomes Available Prevalen | Potential | Suitable | Europe | Sources
source evidence ce of | health for an
Exposure | impact interven | context
e tions
populati
on level
1 Secondhand| Cigarette Respiratory Sufficient National | High Yes Yes (7,44)
smoke(SHS)| smoke diseases, evidence househol
/ pneumonia, otitis | available d surveys
environmen media (also called but
tal tobacco middle ear| outcome
smoke(ETS) diseaséinfection), specific
sudden infant death,
atopic  dermatitis,
allergic rhinitis,
asthma, learning
disability, attention
deficit disorder,
attention-
deficit/hyperactivity
disorder, conductor
behaviairal
disorders, low birth
weight, facial clefts
2 Third-hand Cigarette Lower respiratory| Limited Limited Medium | Yes Yes (45)
smoke smoke symptoms
3 Second E-Cigarette Asthma Limited Limited Limited Yes Yes (46)
hand vaping | vapor
4 Dampness | Moist indoor | Respiratory Sufficient National | High Yes Yes (7,47,48)
andMould environments | symptoms,allergies,| evidence househol
asthma, available d surveys
perturbation of but
. . outcome
immunological specific
system
5 Volatile Household Irritation of eyes,| Chemical National | High Yes Yes (28,29,49)
Organic products, nose, throat, effects| specific househol
Compounds| paints, on the nervous d surveys
(as atotal) | varnishes, system, allergenic o
solvents, allergy  promoting
building and  carcinogenic
materials, mutagenic or
disinfectants, | reprotoxic effects
personal care
products, air
fresheners,
art and hobby
supplies
6 Benzene Activities sgh | Leukemia Sufficient National | Medium Limited Yes (48)
(VOC) as cleaning,| cancerogenic effectd evidence househol
painting, for d surveys
mosquito causality
repellents,
photocopying
and printing.
tobacco
smoke
7 Formaldehy | Smoking, Sensory irritation of| Sufficient National | Medium | Yes Yes (7,48)
de (VOC) furniture and | the eyes and uppel| evidence househol
wooden airways, eczema| for d surveys
products, cancerogenic effectdy causality
secondary
formation
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Nr. Risk factor | Emission Health outcomes Available Prevalen | Potential | Suitable | Europe | Sources
source evidence ce of | health for an
Exposure | impact interven | context
el tions
populati
on level
from ozone
and terpenes
8 Ethylbenzen| Gasoline, Carcinogenic effects| Inadequate | National | Low Yes Yes (50,51)
e paints  and evidence househol
inks, d surveys
pesticides,
carpet glues,
varnishes,
tobacco
products,
automotive
products
9 Toluene Paints, paint | Effects on  the| Insufficient | National | Low Yes Yes (52)
thinners, nervous system| for children | househol
adhesives, (mainly  due to d surveys
fingernail solvent abuse)
polish, and
gasoline
10 Xylene Automobile Irritation of the skin,| Low level| National | Low Yes Yes (53)
exhaust, eyes, nose, and exposure househol
solvents throat, most studied| from the | d surveys
in high exposure| environme
settings nt not
expected to
cause any
adverse
health
effects
11 Styrene Automobile Carcinogenieffects, | Possible National | Low Yes Yes (54)
exhaust, most studied in high| carcinogen | househol
cigarette exposure settings d surveys
smoke, use of
photocopiers
12 Polycyclic Cigarette Carcinogenic effects| Chemical HBMA4EU | High Yes Yes (48,55,56)
aromatic smoke, intrauterine growth | specific
hydrocarbo | consumer restriction (low birth
ns (PAH) articles and| weight), endocrine
mixtures disruptive,
neurodevelopmenta
| deficits
13 Naphthalen | Mothballs Hemolytic anemia Limited HBM4EU Low Yes Yes (48)
e (PAH, +
VOC) National
househol
d surveys
14 Benzo[a]pyr | Combustion | Mutagenic and| Sufficient HBM4EU | Medium | Yes Yes (45)
ene (PAH) Cancerogenic evidence +
Erocess, effects, low birth| for the | National
cigarettes weight, lung cancer | cancerogen| househol
ic effects d surveys
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Tier one risk factors
Environmental tobacco smolesecondhand smoke

Even though sources famdoor air pollutionvary widely across Europe many studies have indicated that
especially environmental tobacco smoke (ET®econdhandgmoke (SHS) is one important source with

clear evidence on causal relationships with advdrsalth effects especially in childreBHSn many

studies is considered as a single risk factor including a mixture of many toxic single substances such as
formaldehyde, benzene or polycyclic aromatic hydrocarbons which all are suspected to be cancerogeni
The impact on population health was estimated in several stu@®%7) According to the most recent

Global Burden of Disease study estimates for 2@B9around 4.3 million DALYs were attributableSblS

in the European region. Around 220,100 DALYs were found in the age groups below 20 years of age. As
the smoking prevalence is still considerable in many European countries, the exposure of chilgkh to

is still a driving factor for adverse health effeespecially for children also influencing their future health.
Therefore, the public health impact 8HSs considered to be high argHSvas selected for thembrella

review.

Formaldehyde

The International Agency for Research on Cancer (IARC) dh$sifiealdehyde as cancerogenio t
humans (Group 1J58). As a cancerogenic substance formaldehyde still can be found in many indoor
environments. The SINPHORMIEdAY found considerable concentrations of formaldehyde in indoor air
samples of school$9). Children spend a substantial time of their day in schools and can thus be exposed
to critical levels of formaldehyde. Despite tltancerogenic effects formaldehyde can cause sensory
irritations and many other associations were found in the SINPHENGY (48,59) Formaldehyde
remains a relevant indoor air pollutant and can have a siifi effect on children resulting in dagh

public health relevancés0) Therefore, formaldehyde as one component of the MfPdlip was selected

for the umbrellareview.

Dampness antould

Dampness andviould are otherimportant risk factors in indoor environments. A study of European
housing stock showed a prevalence ofuttbin the last 12 months of about 1838,61) Comparable to
SHSmnould can be seen as a one single risk faalep including a group of harmful microbial substances

that can cause adverse health effects in humans. According to the WHO around 29,500 DALYs related to
asthma in children Q4 years) were attributable to mubd in 45European countries in 20482). The link
between asthma and dampness and utibexposure identifies these as risk factors of high public health
relevance because asthma is highly prevalent in children and adolescents. Because of its importance
regarding expasre and health effects dampness and albwas selected as a risk factor for tinabrella

review

Tier two risk factors

VOCs, BTEX (Benzene, Toluene, Ethylbenzene and Xylene) and PAHs are groups of chemicals with high
numbers of single candidates that canveaharmful effects on human health. In addition to the high

number of single chemicals, the health outcomes are also very diverse ranging from irritations to severe
cancerogenic effects. For practical reasons these risk factors could be treated as groichshowever

limits the value of the review results. Herege the health outcomes resulting from the exposure to these
chemicals canary widely and evaluating the group rather the single chemical might lead to misleading
conclusionsTherefore, these groups were selected as tier two risk factors. Selected substances from these
groups can be considered, if the EEA assigns a higher priority to these chemicals in terms of their risk for
OKAf RNBYyQa KSIfdK® { AuwdatheBvis©disy e EoRdidér&ian th2 datomiN@ydarsA y 3 3
of the ETEHE.
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Not selected risk factors

1 -Thirdhandsmoke andecondhandsaping were not selected because of limited evidence regarding
potential health effects on children.

1 -Ethylbenzene, Toluene, ¥ye and Styrene were not selected either because only very high
concentrations lead to adverse health effects or the impact on population health was considered
lower as compared to the selected risk factors ($able3).

1 -Naphthalene and Benzo[a]pyrene form the P&kbups were not selected because the impact on
population health was considered lower as compared to the selected risk factorsgbess).

2.1.4 Intervention studies

Selected topics

Theburden of disease associated with environmerggbosures reveals a cleaeed for interventiongo
reduceenvironmental risksind protect the health of children and adolescer@sidance ornpolicies and
interventions for areas of health and environmesuch asir pollution,climate change and chemicats
provided by the Compatium of WHO and other UN guidance on health and environr{f&hit However
evidence on the effectiveness of interventiaesften lacking. The lack of evidence oearly-life population
health interventionsis also described by the 2 N}y Ay . N} RT2NRQa .(68)IThi§ NJ { G I
experimental birth cohort evaluate22 population health interventions improve health and wellbeing
of pregnart women,babies and childrerof which only two have been tested and proven effective based
on robust study designsTherefore, asystematic approach to the development and evaluation of
interventionsaiming to reduceair pollution exposure in Buropean contexis required.

Within this scoping review, a number of intervention studies to reduce environmental healtrheasiks
beenidentifiedbased on the environmental risks for children and adolescents that were prioritized .above
Table4 lists these intervention studies to gain insights in the way intervention research is condiib&d.
interventions are grouped along three main themes: sglapilanning, behavioural nudging including
educational interventions, building characteristi¢$sK S O2 f dzYy Wt ! CQ RSB &MENA G0 Sa
the described interventions appl We strived to identify interventions foclisg on babies, toddlers,
children and adolescentsHowever,it was assumed that the impact of the intervention also applies to
childrenwhen the whole population, including adults, was addressagasRueda et al(7) was identified

as akey information sourcen interventionsto reduce exposure to apollution, secondhandobacco
smokeanddampness.
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Table4:  Candidate list otypes of interventions and exposure outcome combinatiogsh 0 K F2 Odza 2y OKAf RNBy Qa KSIf (0K
Exposure i ek ::r)r(l)tzr(l??)lnhealth European
P Intervention health Evidenceof effectiveness pact « b
outcome outcomes population context
level (PAF)
Spatial planning
_ _ A health impact assessment study was identified. Estimates accot
_ Shift to active Physical for air pollution exposure, but no evidence found on the effects of
Trafficrelated | transportation i.e. ys exposure to air pollutior64) General
air pollution walking, cycling | activity (PA) . _ o _ : Yes
(TRAP) and public Mortalit Health impact assessment studies were identif(68,66) This population
transport Y evidenceincludes estimaion ofchanges ifPM s exposure othe
general populatiorand CQ emissions
Trafficrelated | Low emission Mortality Review papers on the efficacy to reduce air pollution exposure we Both th_e whole
. : _ . e . . population and

air pollution zones and generg Respiratory | identified (67,68) In addiion, a crosssectional studyevaluated the subarouns such Yes
(TRAP) traffic bans health effect2 y OKAf RNByQa(@e®BaLhN: G2 Ne K0 P>
Behavioural nudging including educational interventions

Mortality Both the
Indoor air Smoking b in | Morbidity Review publicatios on studies that evaluated the effects drealth general
(second hand LT:)(I)ic”;gacfensS n and smoking prevalend@0,71)Efects on eposure to second hand | population and | Yes
tobacco smokg P P Smoking tobacco smoke was not addressed specifically. subgroups such

prevalence as children
Indoor air ismoki Smoki Beforeafter study on the effect of the first federally funded US
(second hand Ant|§mok|ng ' moking eforeafter study on the effect of the first federally funde Genera! US
tobacco smokp media campaigns| cessation antismoking national media campair) population
Indoor air Promote smoke e.g. smoking
(second land free home N Review on interventiongcludingrandomised controlled trial673) Children Yes

. cessation
tobacco smokg | environments
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Lifestyle &

Potential health

Exposure Intervention health Evidenceof effectiveness Impact on SAtez=s
outcome OULCOMES population context
level (PAF)
. Schoolbased Gengral and
Indoor air(CQ) | ,\ areness respiratory | |njtiatives have been developed in various European counfiégO
Air pollution campaigns health report on Bibastudy, a before and after studyAn interesting Children Yes
Heat including Educational | framework is provided by the WHTBealthy School Initiativer4)
ventilation outcomes
25
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2.2 Umbrella review

2.2.1 Aim

The aim of theumbrella review is to summarize selected evidence on health of children and
adolescents in Europe with respect to environmental risks. \MMitibrella review, we mean that for
selected topics where there is a lot of evidence and/or the scope is huge (iraiczig) we will limit

the review to key reports and systematic reviearsd if available the according megaalyses For
topics, where there are only few individual studies, we will include original studies of high quality, such
as prospective cohort stuek with high quality exposure and outcome assessr@anbrella+ review)

2.2.2 General approach

The conduct of thembrella review will follow a PECOS/PICOS (Participants, Exposures/Interventions,
Comparators, Outcomes and Study design) approach. The identfiags in the scoping review will
define the exposures to consider and outcomes where already defined.

Inclusion and exclusion criteria
Table5 shows thecriteriabased on populationcomparator/effect estimate and study typge be
considered in the inclusion or exclusion of literature applying a PECOS/PICOS approach.
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Tableb:

General

criteria  for study

comparator/effect estimate and study type

inclusion andexclusion based on population,

(2010 for ambient air pollutiorand JunéMay
2022, written in English.

In case of insufficient evidence from systemat
reviews, individual studies from Europe might
be considered as specified in the correspondir
topic pages.

P(E)C(O)S | Inclusion Exclusion
General human population children and
adolescents up to the age of {8xceptionally
up to the age of 21or ambient air pollution as . .
Ia?e—adolesgents and older for inté)rventions if Adult only population studies.
Population | healthimpads on children)Both urban and Populations exposed in
rural at home or school with a preference to | occupational settingsxcept
studies focusing on Europe ahbrth America | pregnant women.
For some topics pregnant women and their
unbom children are considered to be relevant
No exposure or exposure to lower levels of the
risk factor in the same or in a referent
population.Studies need to have quantified
Comparator )
both, the exposure and the corresponding
associations including any measure of statistig
precision (standard error, confithce intervals).
Depending on the area of research outcomes
Outcome may be pr%pecified or Ieft open. If left open,
umbrella review should discover relevaimew)
outcomes
Narrativereviews, qualitative
studies, studies reporting only
unadjusted results, and clear
Systematic reviews with and without meta evidence of an analytical error.
analysis including human studiecohort studies
casecohort, casecontrol, crosgsectional, time | Nonchuman studiesig vivo, in
series studies, and intervention studies. vitro, other), controlled exposure
(chamber) studies as well as studi
Reviews that are published (or accepted for | \yith focus on exposure only.
publication i.e., in press) between January 207
Study Conferere abstracts, conference

papers, notes, editorials, letteennd
unpublished data.

Umbrella or scoping reviews,
burden of disease studies as well
grey literature such as HIAs in
countries in the EU. However, theg
studies will be collected and used
background information/material
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Literature search
Databases

Depending on the PECO different databases and sowveessearched to optimise adequate and
efficient coverage of locating relevant reviews/studies for the umbrella review. We sshrch
PulbMed/Medline, Cochrane library and PROSPERE&ference lists of identified reviewseve also
used as a source of informatioRor ambient air pollution, only the special topic database LUDOK was
used. For intervention studiesGoogle Scholar has been used as a source of information.

It is also important to scrutinize high level review reports from international environmental and health
agency such as WHO, EEA, EIONET by expert knowledge and checking corresponding websites.

Time Frame

Evidence from the latest systematic reviewas considered. Therefore, a time scale afound 10

years (January 2010/20%:1May/June 2022)was selectedFor ambient air pollution, weearched
publicationsfrom 1 January 201to 9 June 2022 (date of search), while for formaldehyde and mould
we searchedrom 1 January 2Qituntil 1 June 2022 (date of searamd for SHS from 1 January 2011
until 9 May 2022 (date of searciigr formaldehyde and muald; and until 9 May for SH&or the
intervention studies on ambient and indoor air pollution, we searched publications from 1 January
2012 to 31 July 2022 (date of seardbider studieswvereincludedonlyif deemed to be relevant for a
specific topic where research outptlte last 10 garsis limited.

Conducting the search

The searchvasconducted by one persoper topic

Language

As most of the peereviewed literatureis published in Englislour searchwas restrictedo the English
language.

Search terms

Based on prior searches for systematic revi€®s75;77)the following elements of the PECOS search

term were dcecided to be the same for all topics and the Rldul specificsearch terms can be found
in Table6:

1 Population: #la is used for searching of studies on children of the agel8fy@ars
(exceptionally 21 yearsin caseof pregnancy and fertility related outcomesgarch term #1b
will be cansidered as well.

9 Study type: #2a focusses on systematic reviews and/or raptdyses, which may be
complemented with #2b for topics where cohort studies will be considered as well.

The search strategy uddree text in [Title/abstract] (or [tiab]) and [kevords] and Medical Subject
Headings terms [MeSH Terms] related to the elements of the PECOS statement. The search terms
within each search grid categowereSE LI YRSR 6AGK ahwé |yR GKS (62
a! b5¢

Search terms for the different togs or exposurewere developed separately for each research area

(see Appendix A).

For the intervention studies, the search terms were developed separately for each topic (see Appendix
A).
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Table6: General (PuMed) search terms used to characterize population and study type

Search No.| Search Query

"Child"[tiab] OR "children"[tiab] OR "pupils"[tiab] OR "preschooler"[tia
OR"preschoolers"[tiab] ORstudent'[tiab] OR "students"[tiab] OR
"Adolescent"[tiab] OR "adolescents"[tiab] OR "Infant"[tiab] OR
"infants"[tiab] OR "toddler"[tiab] OR "toddlers"[tiab] OR "newborn"[tial
OR "baby"[tiab] OR "babies"[tiab] OR "boy"[tiab] OR ¥ffiab] OR

#la Population | "girl"[tiab] OR "girls"[tiab] OR "postnatal*" [tiab] OR "peastal” [tiab]
OR "*school*" [tiab] OR "pediatric*" [tiab] OR "paediatric*" [tiab] OR
"prenatal”[tiab] OR "preterm”[tiab] OR "birth"[tiab] OR
"gestational”[tiab] OR "pregnancy"[tialdR "fetal"[tiab] OR
"parturition”"[MeSH Terms] OR "Adolescent"[MeSH Terms] OR "Birth
Cohort"[MeSH Terms] OR "Child"[MeSH Terms]laf&nt"[MeSH Terms]

b¥2SGdzabwiAll o8 hw bFSlidZAbwiAl 6§

#1b Population "oregnan*tiab]
"systematic review"[tiab] OR "metaanalysis"[tiab] OR "meta
#2a Study type | analysis"[tiab] OR "systematic review"[Publication Type] OR "meta
analysis"[Publication Type] OR "MeAaalysis as Topic"[MeSH Terms]
#2b Study type [ 02 K2 RILINP R WIS O A &S ¢

Data extraction
The following datavere extracted into a table from each review/study:

First author, year of publication, reference, review: databases searched and inclusive search dates,
exposures (specific air pollutants) assessed, regboutcomes, (number of primary studies included,
study design types)articipant characteristics (e.gew-borns, children age-8, etc.), locations, level

of comparison (low vs. high exposure or increment), quality appraisal tool used (NewO#sia

scale or RoB), and auth@éksvaluation of overall study quality. If metmalysis is conducted, the
following metrics shall be extracted: summary metaalytic estimates in the originally reported
metric (e.g., odds ratio [OR] or relative risk [RR]), @Mith their corresponding confidence intervals
(Cls) and the related change in exposure. Further, the model of effect estimation useek:{feed,
randomeffects, or both), and measures of heterogeneity suctt adgllibe extracted. This list may be
complemented if needed for a specific topic.

Evidence synthesis

Evidence synthesiwasbased on most actual systematic reviews and raatalyses, which are of
highest quality. To identify high qualisystematic reviewsye considered criteria frolAMSTAR?2, a
tool developed for evaluating the qualityf systematic reviews that includebsewational studies,
randomizedor nonrandomizedstudies of healthcare intervention@8). Details of these items are
described in the supplementary material of Shea e{#8)and the AMSTAR2 checklist can be found
on https://amstar.ca/Amstar_Checklist.phpVe did not do a formal AMSTAR?2 criteria check,fout
ambient air pollutiorwe consideredthe following criteria a) the number of databases used for the
systematic search (adequacy of the literature searbh)vhether a protocol wasegistered before
commencement of the reviewc) whether the risk of bias was assessed by any tddlthe
consideration of risk of bias when interpreting the results of the review and assessment of presence
and likely impact of puldation bias. This allowed an expert judgment on the overall quality of the
review.

To rate the quality of the revievior the indoor air pollutionwe checked the number of étature
databasesused whether the risk of bias was assessed by any tool,vémether the authors of the
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review followed thePRISMA statement. This allodvi® provide an expert judgment on the overall
quality of the reviewEvidencewasthen synthesized by a narrative description of the good quality
review results including eviden@ppraisal from the reviewk-or ambient air pollution, where often
several reviews were available dhe same outcomes, the evidence was summarized in four
classifications using the terms strong, moderate, low and veryTtw form of the exposureesponse

or concentrationresponse relationshigvasdescribed such as effect thresholds and increase in risk
per unit of exposure/concentratigrwhere availablelf available, population attributable fractions for
the correspondingisk factorswere described

For the umbrella review on interventions, the rating of existing evidence is based on the following
procedure:

9 Literature searches have been performed in PubMed to identify relevant interventions based
on the search terms asfined in the scoping review. The taxonomy of interventions has been
further refined based on the results of the searches. The search strings employed are
summarized irAppendix A: Search strategy

1 Google Scholar searches of the taxonomy of the interventions has been performed, where the

first 10 hits have been scanned.

Our network has been consulted on relevant and grey literature.

All results ardisted in a separate data extraction shedippendix C: Data extractipnThe

methodology for data extraction is based on fheblic Health England review of interventions

to improve outdoor air quality and public héfal(79). Reasons for exclusion are documented

in the data extraction sheedppendix C: Data extractipn

= =4

2.2.3 Ambientair pollution

The LUDOK database maintained by the Swiss Tropical and Public Health Institute on behalf of the
Swiss federal office for the environment is a special topic database on health effects of ambient air
pollution (www.ludok.ch). Since the LUDOK databasemimportant journals that are not listed in
PubMed but in EMBASkge searchedhe LUDOK database, Pvbd, and review databases PROSPERO
and Cochranecollaboration. Search terms included keywords for children, specific pollutant and
exposures, the prelefined outcomes and the study typeseé Appendix A)Table7 shows specific
inclusion and exclusion criteria fexposure to ambient air pollution and the selected health outcomes

in addition to the criteria mentioned in the general approach.
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Table7: Inclusion and eglusion criteria for exposure andutcomes selected for ambient air
pollution review

P(E)C(O)S Inclusion Exclusion

Ambient air pollution with particulate matter
air pollution including various measures of
ultrafine particles, measures for oxides of
Exposure nitrogen, ozone, SO2, Soot/blacarbon,
benzene, the metals (in PM) Lead, Nickel, Zir
Vanadium, Iron, Copper, Cadmium, Arsenic,
traffic related air pollution

Indoor settings and pollutants
such as tobacco smoke, other
outdoor air pollutants which are
not of interest

Mortality, Respiratory effects (Lung function,
Asthma, Emergencies / Exacerbation of
respiratory diseases, Respiratory infections),
Allergies / Eczema, cardiometabolic effects
(blood pressure, hypertension, obesity,
impaired glucose metabolism), Birth oaotoes,
Neurocognitive effects (neuro development,
diseases autism spectrum disorders and
attention deficit syndrome (ADHD or ADD)),
Childhood cancer

Outcome

For screening and documentation of inclusion status, references were imported into EndNote. We
uploadedthe papers to EndNote for full text screening. For the final documentation, the Endnote
References were exported into Zotero.

Studies were included when they studied 1) children, adolescents or pregnant women (for birth
outcomes), 2) risk measures of expos to objectively measureémbient air pollution, 3) on
predefined outcomes, 4) in systematic reviews. Exclusion criteria included studies 1) not specific to
children or adolescents 2) not on exposure of interest, 3) not reporting omlefi@eed outcomes4)

not using a systematic review approach, 5) not published in English.

Since there was a wealth of systematic reviews of effectanolbient air pollution in children a
selection was done following the following criteria:

a. Comprehensiveness, i.e. preferento reviews that included more studies and provided
meta-analytical results

b. Use of a risk of bias tools (or comparable methods) and

c. Evaluation of confidence in the quality of the evidence.
The selected references weemalysedin depth. We summarized the evidence from one or more
reviews for each outcome per pollutant. Since this resulted in lengthy texts, these in depth per
pollutant analyses were moved to thppendixC. An overall summary for each outcome remained
together with overview tables on included reviews and a table with rretalytic summary effect
estimates per pollutant where available.

2.2.4 Indoor air pollution

Table8 shows specific inclusion and exclusion criteridaridoor air pollutionin addition to the criteria
mentioned in the general approach.
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Table8:

formaldehyde and mould

Inclusion and exclusion criteria for selected exposures secondhand smoke,

Mould defined as:

Mold

Mould

Dampness

Moisture

Humidity (defined as yearly, relative or ambient humidi
Indoor microbes

Fungi

fungal growth
Airborne micorbial
Indoor spore exposure
Microbial growth
Microbial volatiles
MVOC

mycotoxin

=4 =4 -4 -8 -4 -8 -8 _9a_4a_°a_92 -2 -2

|

PECOS - . :
Inclusion Exclusion
Exposure
Secondhand | Longiterm (months to years) exposure and shtetm (day(s))| Cigarette smoke
smoke to secondhandsmoke. Measured exposure tsecondhand not
smoke in inloor air. Markers of exposure: distinguished
1 Questionnaire: (seltreported) exposure tg fromk other
secondhanagmoke (yes/no) SMOKe.
1 Numbers of cigarettes smoked
1 Cotinine level measured in urine
Include studies regardless of whether they adjust for
pollutant exposures.
Formaldehyde | Long;term (months to years) exposure and shitgtm (day(s))| None
to formaldehyde.
Measured exposure to formaldetsg in indoor air.
Include studies regardless of whether they adjust for
pollutant exposures.
Mould Long:term (months to years) exposure and shtetm (day(s))
to mould. Measured exposure tmould (e.g. specific fungi) i :
. . 1 Mould in
indoor air. Markers of exposure:
food
1 Questionnaire: (selfeported) exposure tanould (yes/no) | § Mould in
Include studies regardless of whether they adjdor cag breast milk
pollutant exposures. T Fungus as
disease

Search terms for the selected indoor air pollutaséezondhandgmoke, formaldehyde and mould are

shown inAppendix A
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Due to time constraints and wealth of the literature, it was decided that the selection of the systematic
reviews or metaanalyses woulthe based on the following additional selection criteria:

1 Timeliness, i.e. preference to more recent reviews, referring to previously available reviews
or including the majority of studies in the previous review assessment.
1 Comprehensiveness, i.e. preferento reviews that included more studies.

2.2.5 Intervention studies

For ambient and indoor air quality, interventions are prioritized to define the PICO questions based
on their relevance for children and adolescent populations, and the potential availab#itypsfantial
evidence:

Clean air zones around schools;

Siting of school and childcare facilities and commuter mode and route;
Design of school and childcare facilities;

Lowemission zones;

Indoor air quality in schools: measures and awareness campaigns;
Interventions to reduce secondhand tobacco smoke exposure;
Smoking bans.

= =4 =4 =8 -8 -8 =9

Table9 shows the selected PICO (Populatidntervention¢ Comparatorg Outcome) for the selected
interventions targeting exposure tambientand indoor air pollution. It is important to realize that
most intervention studies did not directly address changdgegith outcomes of children. Such effects

are difficult to directly observe unless the study size is very large, the intervention immediate and the
latency for health effects short. Thus, most studies addressed changes in environmental pollution and
lifestyle, which is informative for the expected health benefits. Physical activity, wellbeing and
respiratory health are added to the PICO as lifestyle and health outcomes since these are most
relevant to children and adolescents.
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Table9:

for children and adolescents

PICO for the Umbrella review of intervention studies to reduseposure to air pollution

adolescents

schools

Population Intervention Comparator Outcome
Measurementdefore | Air pollution;
Children and Clean air zones aroun implementation of the Noise;

intervention (before
after study) or cross
sectional studies

Physical activity;
Respiratory health

Children and
adolescents

Siting of school ang
childcare facilities
commuter mode and
route

Measurements before
implementation of the
intervention (before
after study) or cross
sectional studies

Air pollution;

Physical activity

Measurements before
implementation of the

General population

Low-emission zones

i i Air pollution;
Chirenand | Destn O seno <1 erveion eefore | 1!
after study) or cross | Wellbeing
sectional studies
Measurements before
implementation of the Air pollution;

intervention (before
after study) or cross
sectional studies

Respiratonjhealth

Children and
adolescents

Indoor air quality and
schools: measures an
awareness campaigns

Measurements before
implementation of the
intervention (before
after study) or cross
sectional studies

Indoor air (e.g. CO
PM), spirometry
measurements,
ventilation rates.

Children and
adolescents

Reduction of]
secondhand tobacc
smoke exposure

Measurements
before
implementation of the
intervention (before
after study), cross
sectional studies or
longitudinal studies

Cotinine (urine,
saliva), smoking
status, tobacco smoke
exposure

General population

Smoking bans

Measurements before
implementaton of the
intervention (before
after study) or cross
sectional studies

Secondhand tobacco
smoke,

respiratory health

The review of existing evidence from intervention studies is based on the following procedure:

ETCHE Repork022/22

34



1 Literature searches have been performed in PubMed to identify relevant interventions based
on the search terms as defined in the scoping review. The taxonomy of interventions has been
further refined based on the results of the searches. The search stengsoyed are
summarized ilAppendix A: Search strategy

1 General google searches of the taxonomy of the interventions has been performed, where the

first 10 hits have been scanned.

Our network has been consulted on relevant and grey literature.

All results are listed in a separate data extraction si@gpendix C: Data extractipnThe

methodology for data extraction is based on fheblic Health England review of interventions

to improve outdoor air quality and public healfi9). Reason$or exclusion are documented

in the data extraction shedAppendix C: Data extractijin

= =

3 Results and Discussion

The sections below show the results of thmbrella review of each of the considered topitfie
scanned literature is available as a list of references in tgpeécific Zotero files in the Appendix B.
The tables containing the information regarding the data extraction are available in Appendix C.

3.1 Ambient air pollution

3.1.1 Exposure risk characterization and overview of current exposure of and impacts cdrehil
and adolescents in Europe

Ambient air pollution is characterized by various pollutants from a wide array of sources. Pollutants
can be solicand liquid aerosolgée.g. particulate mattersr volatile compoundsor they can be

gaseous (e.g. nitrogen dioxide or ozone). The EU has set limit values for the following key pollutants:
particulate matterP Mo (particulate matter with a diameter of 10 upr less), nitrogen dioxide

(NG), 0zone(0s), sulphur dioxid€SQ), lead, benzene, carbon monoxi¢fleQ. Target values are set

for ambient ozone exposure. (EU air quality directive 2008/50(@D)Figure2).

The main sectors contributing to emissions of air pollutants in Europe are transport,
residential/commercial and institutional energy supply, industry, agriculture and waste
(management). In the urban context traffis an important source of air pollution. In areas where
biomass burning like wood combustion is wisiread, households are important sources. People are
exposed to air pollution in urban and rural areBepending on the pollutant, different sourcesear

the main drivers of exposu(@1).¢ KS YI Ay LX I OSa 2F OKAf RNByQa I yR
air pollutionarein their neighbourhoodg¢lose to their homesat day-care, kindergaens or schools

on the way between these places attda lesser extend where recreational activities take pl@&.

Their exposure is a combination of the actual exposure levels and the time speach micre
environment
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Figure2:  Percentages of contribution to primary emissions of air pollutants per pollutant source
(80)

BC 9 |
co
NH,
NMVOCs ]
NO,
PM,,
PM,
so,
CH,

0% 209 40 % 60 % B0 % 100 %

W Agriculture W Manufacturing and extractive industry M Non-road transport Waste

Energy supply Residential, commercial and institutional Road transport

Air pollution has generally improved over the ldsicades in Europe. Mostly Western and Northern
European countries made further progress in the reduction of air pollution expg88)¢rigure3) .

This trend is also seen in the more polluted and more densely populated urban areas. However, in
regions characterizelly highly polluting industries and energy generation e.g. based orsuohlas
Eastern and Southastern European countriekevels PM:s tend to be higher and radttion trends

are not as stee|f84)(Figured).

Figure3:  Annual mean values dPMo per country 20132020/21(82)
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