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PM10 = less than 10m



PM sources; UK urban 

https://uk-air.defra.gov.uk/

road traffic

https://uk-air.defra.gov.uk/


nitrogen dioxide 



collecting kerbside-PM10



Environ Sci Pollut Res Int 2021



respiratory bronchiole

Pinkerton, EHP 2000
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INFLAMMATORY 
MEDIATORS

oxidant 

stress

oxidative stress

DIRECT EFFECTS





Representative Images of Carbon in Airway Macrophages from Healthy Children

Kulkarni N et al. N Engl J Med 2006;355:21-30

NEJM 2006 355:21-30



Thorax 2001            

http://thorax.bmjjournals.com/content/vol56/issue12/images/large/01344.f1.jpeg


NEJM 2006 355:21-30

black carbon area 



Associations between Carbon in Airway Macrophages and Lung Function in Healthy Children

Kulkarni N et al. N Engl J Med 2006;355:21-30

NEJM 2006



	

nonsmoker Sao Paulo

PLOS one 2018



• one hour in daily commuting in Sao Paulo 
during whole of active life is carbon PM 
equivalent to smoking 5 cigarettes per day

Cremasco Environmental Res 2019



PM at other sites

Leen Environmental Research 2018



placental phagocytic cells

Sci Total Environ 2020



placental Macs + PM in vitro

Sci Total Environ 2020



placenta airway

http://thorax.bmjjournals.com/content/vol56/issue12/images/large/01344.f1.jpeg


Placental macrophages

Sci Total Environ 2020



PM in stored placentas

ERJ open 2021



PNAS 2016



particles in urine

femtosecond pulsed laser excitation at 810 nm 

observation at 400-410 nm

Saenen Am J Resp Crit Care Med 2017



Cystic fibrosis and PM2.5

– time to acquisition 

Psoter BMC Pul Med 2017



Nguyen Toxicol In Vitro. 2021



AM in CF

J Cyst Fibros 2021



personal exposure 

controls vs CF

J Cyst Fibros 2021
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Aronoff J Immunol 2004



J Cyst Fibros 2021



phagocytosis

Control AM CF AM

J Cyst Fibros 2021



CF sputum

J Cyst Fibros 2021









NEJM 2020





Vero-E6 cells





S. pneumoniae



pneumonia in children and PM2.5 

MacIntyre EHP 2014



Weiser Nature Rev. Micro. 2018



pneumococcal adhesion 

• UK

• Ghana











Adhesion mechanisms





London Underground
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Ebiomed 2022

pneumococcal infection mouse model



pneumococcal CFU and PAFR

Ebiomed 2022



• lung function growth

• new-onset wheeze and asthma

• asthma exacerbations 

• global south issues



Rennard Lancet 2015

reduced lung function

– long term effects



lung function growth 



Gauderman, NEJM 2004

lung function growth



changes in PM 

in Southern California

Gauderman, NEJM 2015



Gauderman, NEJM 2015



Garcia PNAS 2019



Lancet Public Health 2018



• mean probability of schools’ non 

compliance to WHO 40 g/m3

Shoari, Sci Total Environ 2022



inequalities (exposure)

https://www.london.gov.uk/



Lancet Public Health 2018



• over 5 

years 

FVC loss 

– 4 to 5%
• FVC loss 

• 5% over 5 yr.

• over 5 

years 

FVC loss 

– 4 to 5%

NOx

NO2

Lancet Public Health 2018



• 4,400 preschool children 

• 1 to 5 yrs

• surveyed in 1998 and 2001

incident preschool wheeze

Thorax 2006



Thorax 2006

incident preschool wheeze



Thorax 2006

incident preschool wheeze



• 5788 children 3 to 5 yr.

• time-to-event

• preschool asthma

Zhang, JACI 2021

incident preschool wheeze



new-onset 

school-age asthma 

Khreis Environmental International 2017

Black carbon; 0.5 x 10− 5 m− 1



• 4 million new asthma cases in children 

per year attributable to traffic-related 

pollution

Achakulwisut Lancet Planet Health. 2019 Apr;3(4):e166-e178. 

Incident asthma



Oxford Street (high pollution)

 vs 

Hyde Park (low pollution)

Significant FEV1 and FVC drop 

worst when on Oxford Street

McCreanor N Engl J Med. 2007 Dec 6;357(23):2348-58

Short-term effects - asthma



exacerbations; asthma

McCreanor, Lancet 2007



Sci Total Environ 2021



asthma deaths
OR per IQR increase NO2

Liu, AJRCCM 2019 

• 5.5-year period 

• 7,358 asthma deaths 

• Hubei residents 



By Ross Lydal @RossLydall18 March 2022

https://www.standard.co.uk/author/ross-lydall
https://twitter.com/RossLydall




is air pollution exposure 

associated with changes in 

lung immune cells?



dendritic cells

http://dendritic-cells-research.com



airway dendritic cell CD86

PLOS one



PLOS one



eczema



Park, Am Acad Dermatol 2021



Kabashima, Nature Immunol 2019

dimethylbenzanthracene



• diagnosis of eczema

• in East London

• Bangladeshi ethnicity

• aged <31 yr

• Eczema Area and Severity Index

JID Innovations 2022



probability of EASI >10 

JID Innovations 2022



Schraufnagel Chest 2019











Gondar

UK



Sci Total Environ. 2005



Cremasco Environmental Research 2019



Lancet 2017



Sci Total Environ 2018



Sci Total Environ 2018







•  4-day data 

- GPS tracker and 
sensors for PM10, PM2.5 
& NO2

- daily activity diary and 
GPS readings

- morning and evening 
peak flow and FEV1



unpublished



• low pollution routes

• indoor air

• advice to patients and public



https://www.unicef.org.uk/publications/the-toxic-school-run/













https://www.england.nhs.uk/publication/national-bundle-of-care-for-children-and-young-people-with-

asthma/



https://www.england.nhs.uk/publication/national-bundle-of-care-for-children-and-young-people-with-

asthma/



https://www.england.nhs.uk/publication/national-bundle-of-care-for-children-and-young-people-with-

asthma/



advice for high pollution 

days?

▷ Reduce strenuous, outdoor exercise. if possible, 

keep doing your exercise indoors in a well-

ventilated room or gym.

▷ Stay away from pollution hotspots such as main 

roads and busy road junctions.

▷ If you cycle, run or walk as part of your 

commute, use back streets away from the bulk of 

vehicle congestion.

▷ Make sure you carry your reliever inhaler with 

you if you use one.

▷ If you have asthma, use your preventer inhaler 

regularly.

https://www.blf.org.uk/support-for-you/air-pollution/tips



Discover
the side streets

Air pollution can worsen asthma 
symptoms – take action today

www.cleanairhub.org.uk/tower-hamlets



Leave the 
car behind

www.cleanairhub.org.uk/tower-hamlets

Air pollution can worsen asthma 
symptoms – take action today



Check the air 
pollution forecast

www.cleanairhub.org.uk/tower-hamlets

Air pollution can worsen asthma 
symptoms – take action today



https://doi.org/10.1016/j.atmosenv.2018.12.036







https://www.rcplondon.ac.uk/projects/outputs/every-breath-we-take-lifelong-impact-air-pollution 















conclusions

• major adverse health effects of air 

pollution 

– long- and short-term exposure

– outdoors and indoors

• need to detoxify the breathed environment 

to maintain children’s lung health



Thank you
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