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

Janssen et al, Environ Health Perspect, 2011

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 

Systematic review and meta-analysis of 
health effects of BC compared with PM 
mass based on data from time-series 
studies and cohort studies that measured 
both exposures





Main Risk Employment Areas
• Mining
• Construction
• Shipping
• Energy extraction
• Tunnelling
• Vehicle repair

Non-road mobile 
machinery



31st Oct 2018: The EU Commission, EU Council of Ministers and European Parliament have reached an 
agreement on including workplace exposure to diesel engine exhaust emissions (DEEE) in the updated 
Carcinogens and Mutagens Directive 2004/37/EC (CMD)

0.05 mg/m³



• 3.6% of the English 
and Welsh adult 
working population 
(26,681,568 in 2011)

(ONS, 2011)

• 233,861 lorry drivers
• 259,161 van drivers
• 127,518 bus/coach 

drivers
• 174,780 taxi drivers
(ONS, 2011)

Significance

Behndig AF et al. Thorax. 2011;66(1):12-9. 
(Experimentally generated diesel exhaust induced airway inflammation in human volunteers)
Barath S et al., Part Fibre Toxicol. 2010;7:19. 
(Experimentally generated diesel exhaust impairs vasomotor function and endogenous fibrinolysis)
McCreanor J, et al. N Engl J Med. 2007 Dec 6;357(23):2348-58. 
(Real world diesel exposures in asthmatics induced inflammation and impaired lung function)
Samoli E et al. Occup Environ Med. 2016 May;73(5):300-7.
(Elemental and black carbon are the best predictors of adult cardiovascular and paediatric respiratory hospitalisations in London)

In the UK, the Health and Safety Executive estimates that more 
than 100,000 workers could be exposed to high levels of diesel 
engine exhaust fumes, but Imperial College, the IOM and 
others put the figure closer to 500,000



The Diesel Exposure Mitigation 
Study (DEMiSt)

We hypothesise that professional drivers working in congested cities are 
exposed to diesel emission far above the general population and therefore at 
increased risk of harm.

The aims of DEMiSt are to:

• characterise the black carbon exposure of professional drivers during a 
typical workday.

• identify low cost intervention methods to reduce exposure and health 
risk.



Methods
• Recruit 150 drivers across different sectors.

• Each driver is monitored for 96 continuous hours (4 days) 
at 10-second resolution. 

• The drivers are asked to complete a questionnaire, 
detailing their vehicle ventilation preferences, whether 
they are smokers and the number of hours they drive 
during the day.

• The latest generation of personal GPS-linked black carbon 
sensors (Microaethalometer MA300/350) are used to 
monitor driver exposure.

• Using GPS information, participants activities are 
determined between driving at work, not driving at work, 
commuting and at home.



Preliminary Results
Mean (standard deviation) black carbon exposure (μg/m3) 

Sector
Number of 

shifts
At work 
driving

At work not 
driving

At work 
unknown

Commute At home

Taxi 73 6.5 (5.8) 4.2 (4.2) - 3.9 (3.3) 1.1 (1.6)

Courier 55 5.1 (4.6) 2.8 (2.7) - 3.9 (3.1) 1.5 (1.7)

Construction Waste 67 4.5 (3.8) 2.3 (3.2) - 4.7 (4.2) 1.0 (1.6)

Waste Removal 66 4.4 (4.0) 2.9 (3.8) - 2.8 (3.6) 1.4 (2.6)

Construction 11 - - 3.4 (3.2) 4.0 (4.1) 1.7 (1.6)

Utility Services 32 3.0 (3.0) 1.3 (1.2) - 4.6 (3.4) 0.6 (0.9)

Emergency Services 123 3.0 (2.5) 1.5 (1.8) 0.9 (1.1) 3.8 (3.7) 1.0 (1.3)

Heavy Freight 31 - - 2.1 (2.6) - 0.7 (1.2)

All 441 4.3 (3.9) 2.4 (2.8) 2.3 (2.5) 3.9 (3.6) 1.1 (1.6)



Contribution of Microenvironment on exposure

At work driving
18%

At work not 
driving

20%

Commute
4%

At Home
58%

Proportion of time spent

At work 
driving

40%

At work 
not driving

21%

Commute
9%

At Home
30%

Proportion of total black carbon



Pollution spikes



Pollution spikes



Window Position Results

Excluding outliers, while driving, windows open had exposures at 5.1 ± 4.4 
µg/m3  compared to windows closed at 3.1 ± 2.9 µg/m3 (p<0.05).



Ventilation Settings Results

Excluding outliers, while driving, ventilation settings set to ‘off’ had exposures at 
3.5 ± 3.3 µg/m3 , ‘outside air’ at 3.1 ± 2.5 µg/m3 and ‘recirculate’ at 3.2 ± 3.4 µg/m3 

.



Tunnels
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Diesel and Hybrid (Electric) Taxis



Does vehicle type matter? 



Spatial analysis by vehicle type

Hybrid Taxis Diesel Taxis



Conclusions
• Exposures between sectors, drivers and time and space are highly variable.

• Average exposure was 3 times higher at work compared to home 
environments, while driving at work had around 2 times higher exposure 
compared to not driving at work.

• To date, taxi drivers have the highest exposures whilst driving, emergency 
services the lowest (congestion?)

• Spikes in in-cabin concentrations can linger for up to 20-30 minutes; 
reducing their occurrence and duration is likely to substantially reduce 
exposure.

• The preliminary results of the study show that there are simple practical 
steps which can reduce exposure to drivers. Window position, route choice 
and vehicle type all appear to influence driver exposure. 
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