
Ian Mudway

9th June 2022

The very large health impacts of very 

small particles in the air.





Illness and quality of life

lung function changes, immune cell responses, 
heart rate or heart rate variability responses 

Asthma attacks, medication use, 
symptoms

Doctor visits

Hospital 

Admissions

Death

Proportion of effected population

Se
ve

ri
ty

Quality of life
Increased vulnerability



What are the harmful components of PM2.5?

Sources

Primary/secondary

Gases / VOC

Ultrafines



Black Carbon – a better health indictor? 
Toxic component or source indicator?

Estimated county- and season-specific relative risks (RR) of cardiovascular and respiratory hospitalization 
associated with PM2.5 components in 106 U.S. counties for the years 1999 through 2005 







Atmospheric Environment 2012. 50:129-138





Dementia Risk in London

Carey I et al. BMJ Open. 2018; 8(9): e022404. 

A first recorded diagnosis of dementia and, where specified, subgroups of Alzheimer’s 
disease and vascular dementia during 2005–2013. 



Traffic derived pollution Noise

Tue 18 Sep 2018



Impacts on mental health

Bakolis I et al. Soc Psychiatry Psychiatr Epidemiol. 2020:1-13. 







Other important microenvironments

Smith JD et al. Environ Int. 2020;134:105188. 



RAPTES study

Medical 
Exam

Pre-Exposure

2h 
Nasal Lavage Time 

Pts.

17.5h

Post-Exposure

PM 
Exposure

5h with intermittent 
exercise 

36 healthy subjects: 11 male, 25 female Mean age: 22 years

Nasal Lavage (NAL) Measurements: 
Trace Metals – Fe, Cu, Zn, Pb, Ni, Cr, Al, V (endogenous/dietary and ambient PM 
sources) Ba, Sb (no endogenous form but ambient PM sources)

Cl, Br, Ca (endogenous forms and weak ambient PM source)
Metal Handling Protein – Transferrin

Intersection Urban Background

Underground platform

Strak M, Hoek G, Godri KJ, Gosens I, Mudway IS, van Oerle R, Spronk HM, Cassee FR, 
Lebret E, Kelly FJ, Harrison RM, Brunekreef B, Steenhof M, Janssen NA.
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PM2.5 - 10PM0.18 – 2.5PM0.18

PM10 Mass Concentration

• PM0.18 = 95  µg m-3 at the 
Underground

• Bulk of Underground PM10 is 
comprised of metals and 
EC+OC (44 µg m-3)



Trace Metal Responses - Fe
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Trace Metal Responses - Cu

NAL Fe
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Trace Metal Responses - Sb

NAL Fe

NAL Cu
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Transferrin Response
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• Irrespective of the elevated Fe dose associated with exposure at the Underground, a homogeneous temporal
response was observed across sites.
• It is unclear if transferrin was capable of binding the increased Fe PM concentrations deposited in the upper
airway following an Underground exposure challenge.
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Assessment of Redox Activity

N
A

L

200 µM 
Ascorbate

Auto-oxidation

Fe

+DTPA
metal cation chelator
Redox inactivates Fe and Cu

37 °C
pH 7

Redox promoting agent to promote metal cation redox cycling

Depletion Rate 
nM sec-1

Establishing the catalytic metal activity of BAL samples

22

+NPA
metal cation chelator
Promotes mobilisation of Fe from
Low molecular weight pool. Fe-NTA is
Catalytically active  



Redox active metal in nasal lining fluids

NAL Fe
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