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Combustion engine exhaust ς
Current knowledge of adverse effects
and underlying cellular mechanisms 
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άFiltration of particles from diesel exhaust is not the
perfect solution for preventingadversehealth effectsΣέ
saysJohnBalmes,a professorof medicinewho studies
the health impactsof air pollution at the Universityof
California,SanFranciscoand peer reviewedthe paper
prior to publication. άWe need to reduceexposureto
the gaseouscomponentsof dieselexhaust.έ
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Engine exhaust components

Five main pollutant emissions from 
diesel engines:
ÅCarbon monoxide (CO)
ÅHydrocarbons (HC)
ÅParticulate matter (PM) 
ÅNitrogen oxides (NOx)
ÅSulphur dioxide (SO2)

wŜǒƛǘƻƐƭǳ Ŝǘ ŀƭΦ /ƭŜŀƴ ¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ Policy 2015
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Adverse effects of pollutants
Carbon monoxide (CO)

ÅCO is an odorless and colorless gas

Å Inhaled CO is an inhalation hazard due to its rapid 
complexation with hemoglobin, resulting in impaired 
oxygen delivery to tissues 

ÅDespite systemic and cellular toxicity at high 
concentrations, CO has demonstrated cyto- and 
tissue-protective effects at low concentration (e.g., 
250 ppm) in animal models of organ injury and 
disease

Ryter et al. Carbon monoxide in lung cell physiology and disease. Am J Physiol Cell Physiol 2018 
wŜǒƛǘƻƐƭǳ et al. Clean Technologies and Environmental Policy 2015

https://melscience.com/US-en/articles/
carbon-and-its-reactions-oxides-and-more/
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Adverse effects of pollutants
Hydrocarbons (HC)

ÅWith other pollutant emissions, HCs 
play a significant role in the formation 
of ground-level ozone

ÅLung diseases associated with 
hydrocarbon exposure

ÅHydrocarbons are toxic with the 
potential to respiratory tract irritation 
and cause cancer 
wŜǒƛǘƻƐƭǳ Ŝǘ ŀƭΦ /ƭŜŀƴ ¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tƻƭƛŎȅΣ 2015
Connellan,  Respiratory Medicine 2017

Diesel exhaust ςa source of particulate matter
and polycyclic aromatic hydrocarbons.

Connellan,  Respiratory Medicine 2017

ÅRisks of lung and bladder cancer were dose-dependent when quantitative 
exposure levels of polycyclic aromatic hydrocarbonswere measured, and truly 
non-exposed groups were compared.

Mastrangelo et al. Environ Health Perspect 1996
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Adverse effects of pollutants
Sulphur dioxide (SO2)

ÅSulphur dioxide (SO2) is a colorless, reactive air pollutant with a strong 
odor

ÅHigh concentrations of SO2 can cause inflammation and irritation of the 
respiratory system, especially during heavy physical activity. 

ÅThis gas can also react with other chemicals in the air and change to a 
small particle that can get into the lungs and cause similar health effects

https://www.nps.gov/subjects/air/humanhealth-sulfur.htm

The Halema'uma'u plume in Kilauea Crater at Hawai'i Volcanoes NP contains extremely high 
levels of sulfur dioxide, about 500-1,000 tones/day. 
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Adverse effects of pollutants
NOx

ÅNitrogen oxide (NO) and Nitrogen dioxide (NO2) are considered as toxic
ÅNO2 has a level of toxicity five times greater than that of NO and it is also a 

direct concern of human lung disease. NOx can irritate the lungs and lower 
resistance to respiratory infection (such as influenza)
wŜǒƛǘƻƐƭǳ Ŝǘ ŀƭΦ /ƭŜŀƴ ¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tƻƭƛŎȅΣ нлмр

ÅThe meta-estimate for the 
change in lung cancer 
associated with a 10-˃ƎκƳ3

increase in exposure to NO2

was 4% (95% CI: 1%, 8%). 
Hamra et al. Environ Health Perspect 2015
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Adverse effects of pollutants
Particulate matter (PM)

ÅDiesel particle emissions can be divided into three main components
o Soot
o Soluble organic fraction
o Inorganic fraction

Å Inhalation of these particles may cause to important health problems such as 
premature death, asthma, lung cancer, and other cardiovascular issues.
wŜǒƛǘƻƐƭǳ Ŝǘ ŀƭΦ /ƭŜŀƴ ¢ŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ Policy 2015

100nm

Primary particles

Steiner et al. ArchTox2016 Stone et al. Env Health Persp 2017
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Adverse effects of pollutants
Particulate matter (PM)

Lehmann et al. Part 
FibreToxicol2010

Macrophage

Inductionof oxidative 
stress and productionof
reactiveoxygenspecies

Short-term / chronic
inflammation

Antioxidant stimulation
(Gluthationereduction) 

Genotoxicity Cellproliferation

Tumor formation

Celldeath
(Cytotoxicity)

Apoptosis

Adaptedfrom Schins et al. Inhalation Toxicology 2007

Lysosomes = 
acidic 

compartment
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Adverse effects of pollutants
International Agency for Research on Cancer 

https://auto.howstuffworks.com/diesel-isnt-always-worse-polluter-than-gasoline.htm
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Adverse effects of pollutants
Models to study effects of complete engine exhaust

https://auto.howstuffworks.com/diesel-isnt-always-worse-polluter-than-gasoline.htm

https://blog.bhf.org.uk/esc-
congress-highlights-part-one-

e6079efde0e

Steiner et al. Env Sci Technol 2014
https://www.datasci.com/product

s/inhalation-and-exposure-
systems/buxco-inhalation-

exposure-system

https://www.datasci.com/images/default-source/inhalation-products/inhalation-tower-system.jpg?sfvrsn=44f1ec65_14
https://www.datasci.com/images/default-source/inhalation-products/inhalation-tower-system.jpg?sfvrsn=44f1ec65_14
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Adverse effects of pollutants
Exposure of 3D lung cultures to complete engine exhaust

Ch. Bisig


