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Outline

• A note on PM size and chemical composition

• Which are the mechanisms explaining the effects of air pollution on health?

• The DOHaD concept 

• Impacts of air pollution on children’s health

• Respiratory health

• Birth outcomes

• Neurodevelopment

• Take home message
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Let’s start with a poll! 
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PM: size matters
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PM: chemical composition too

Secondary aerosols
NH4

+, SO4
2-, NO3

-, orgánicos

Mineral
Al2O3, Mg, Ti, Fe, K, SiO2, CO3

2-, P, Ca

Marine aerosol
Na+, Cl-

Trace elements
As, Ba, Bi, Cd, Ce, Co, Cr, Cs,
Cu, Dy, Er, Ga, Gd, Ge, Hf, La,
Li, Mn, Mo, Nd, Ni, Pb, Pr, Rb,
Sb, Sc, Se, Sm, Sn, Sr, Ta, Th,
Ti, Tl, U, V, W, Yb, Zn, Zr

Carbonaceous compounds

Organic matter and elemental carbon
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Which are the mechanisms of the health effects of air pollution?

Peters and Nawrot.(2021). Hallmarks of environmental insults. Cell, 184, 1455-1468.
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Different grades of susceptibility

Pregnant individuals
Fetuses

Babies

Childhood

Elderly
Periods of larger
susceptibility

But also…
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Developmental Origins of Health and Diseases (DOHaD)
…from “the dose

makes the poison” 
to “the timing

makes the poison”

Developmental Origins of Health and 
Diseases - Barker, 1980’s

In utero and early postnatal stressors, including environmental 
contaminant exposures, can permanently change the body’s 
structure, physiology, and metabolism, predisposing 
individuals to the development of serious chronic pathologies 
later in life.
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Impacts on the respiratory system

Kulkarni et al. (NEJM 2006)

Healthy children (8-15 years old) exposed to different traffic levels

Figure: Representative Images of Carbon in Airway Macrophages from Healthy
Children. Panel A shows a macrophage with no carbon. Increasing levels of carbon
are shown in Panels B through E (PM10). N=64 children.

Each increase in 
primary PM10 of 1.0 μg
per cubic meter was 
associated with an 
increase of 0.10 μm2 
(95 percent confidence 
interval, 0.01 to 0.18) in 
the carbon content of 
airway macrophages

Presence of carbon in airway macrophages in healthy children exposed to traffic
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Impacts on the respiratory system
Carbon in airway macrophages impairs lung function in healthy children (8-15 years)

Each increase of 1.0 μm2 
in carbon content was 
associated with a 
reduction of 17% in FEV1 
and of 12.9% in FVC.

Spirometry:

Forced expiratory volume in one second (FEV1):  how much air a person can exhale during the first 
second of a forceful breath
Forced Vital Capacity (FVC): Total amount of air a person can forcibly exhale from their lungs after 
taking the deepest possible breath
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Why is it important to study the determinants of lung 
function development?

Bui et al, Lancet 2018
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Air pollution and birth outcomes

PM2.5 (IQR increase) and term low birth weight

PM2.5 (IQR increase) and preterm birth

vs

< 2.5 
kg

≥ 2.5 
kg

vs

< 37 weeks
of gestation

≥ 37 weeks
of gestation

Li et al. (2017). Association between ambient fine particulate matter and preterm birth or term low birth weight: An updated systematic review and meta-analysis. Environ. Pollut. 227, 596–605.
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Air pollution and psychomotor development

n=9,482

1-6 years
COGNITIVE AND PSYCHOMOTOR DEVELOPMENT

Reduction of 0.68 points of psychomotor development
(95% CI= −1.25, −0.11) per increase of 10 μg/m3 in NO2

Guxens et al, Epidemiology 2014

Air pollution in pregnancy
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Air pollution and cognitive development

39 schools in Barcelona, indoor and 
outdoor air quality assessment (2012)

The BREATHE project

2897 children 7-10 years old
4 tests each (~ 10,700 tests)

Rivas, I., Querol, X., Wright, J., & Sunyer, J. (2018). 
Environment International, 121, 199–206. 
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N-back task for evaluating working memory

1-back

2-back

3-back
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• This is an example of an onlin n-back task ‘game’. Let’s try it:

https://www.braingymmer.com/en/brain-games/n_back/play/

Time to play!!!

https://www.braingymmer.com/en/brain-games/n_back/play/
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Air pollution and cognitive development

Sunyer PLOS Med 2015

En las escuelas con

más contaminación 

aumentó en menor 

medida, un 7.4%.

7,4%11,5%

En las escuelas con baja 

contaminación, la memoria 

de trabajo aumentó un 

11.5% en un año.

Estudio en escuelas de 
Barcelona

15.2 puntos 

de diferencia
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Air pollution and cognitive development

Sunyer PLOS Med 2015

7,4%11,5%

En las escuelas con baja 

contaminación, la memoria 

de trabajo aumentó un 

11.5% en un año.

Estudio en escuelas de 
Barcelona

15.2 puntos 

de diferencia

En las escuelas con

más contaminación 

aumentó en menor 

medida, un 7.4%.
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Sources of air pollution in schools

(urban background)

OC
Ca
Sr

Mineral
Components

SCHOOL

Amato et al. (2014). Sources of indoor and outdoor PM2.5 
concentrations in primary schools. Science of the Total 
Environment, 490, 757–765. 
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Sources of air pollution in schools

!

(urban background)

OC
Ca
Sr

Mineral
Components

SCHOOL

Children
related

Amato et al. (2014). Sources of indoor and outdoor PM2.5 
concentrations in primary schools. Science of the Total 
Environment, 490, 757–765. 
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Sources of air pollution in schools

!

(urban background)

!
Playgrounds:

OC
Ca
Sr

Mineral
Components

Mineral 
source

(µg·m-3)

Type playground:

Paved Sand-filled

Indoor 3.6 9.1

Outdoor 2.5 16.0

SCHOOL

Children
related

Amato et al. (2014). STOTEN, 490, 757–765. 
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Time to guess! 
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Air pollution and cognitive development
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Adjusted for sex, maternal education, residential neighbourhood socio-economic status and school pair; school and subject as nested random effects.
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Basagaña et al. (2016). Environmental Health 
Perspectives, 124(April), 1630–1636. 
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Air pollution and brain connectivity

3D rendering display of urban pollution and age effects in the medial 
frontal seedmap

Age and performance (motor response speed) both showed the opposite effect to that of pollution, thus indicating 

that higher exposure is associated with slower brain maturation

Traffic air pollution associated with:

- brain changes of a functional nature, with no 

evident effect on brain anatomy, structure or 

membrane metabolites. 

- lower functional integration and segregation in 

key brain networks relevant to both inner 

mental processes and stimulus-driven mental 

operations
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Air pollution and cognitive development

Some unanswered questions: 

Are these effects on cognition/brain permanent? 

When did the effects start taking place? 

As early as conception? Even before? 

Postnatally?   

What is the role of placenta and (parental) genetics? 
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Air pollution and cognitive development

Birth cohort: 
• 1080 mothers and their

offspring recruited
(Prenatal period: Oct 
2018 – Oct 2021)

• 1033 children -
Postnatal follow-ups 
ongoing

www.projectebisc.org/

N = 1080
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Air pollution and cognitive development

Gómez-Herrera et al. (2025). The Lancet Planetary Health 9 (6), e480-e490. 
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Take home message

• The composition and size of particulate matter (PM) are critical for health 
impacts: different components have varying levels of toxicity, and particle size 
determines how deeply they can penetrate the body.

• Exposure to air pollution during in utero and early childhood can shape long-
term health outcomes, in line with the DOHaD framework.

• There are windows of heightened vulnerability, such as during childhood, 
when rapid developmental processes make the body more susceptible to 
environmental insults.

• Robust evidence links air pollution to adverse effects on multiple systems, 
including respiratory health, birth outcomes (e.g., low birth weight), 
neurodevelopment, and beyond.



THANKS!


