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London London –– summer 2007summer 2007
Exposure to particulate air pollution is associated with 
an average loss of life expectancy of six‐eight months in 
Europe due to adverse cardio‐respiratory health effects
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Ranking of estimates for allRanking of estimates for all‐‐cause mortality by cause mortality by 
annual average levels of PM10annual average levels of PM10

Anderson et al, 2004
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Ambient particles carry ‘oxidants’ or 
components which generate ‘oxidants’
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PM carries oxidants into the lungPM carries oxidants into the lung
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PM oxidative potential at various sites across PM oxidative potential at various sites across 
LondonLondon
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Regional and Temporal Variation in 
PM2.5 oxidative activity across Europe

Environ Health Perspect. 2006;114:684-90ECHRS
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High Activity Sites

Environ Health Perspect. 2006;114:684-90
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Low Activity Sites

Environ Health Perspect. 2006;114:684-90 
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Popular Acellular Models for Measuring OPPopular Acellular Models for Measuring OP

1. Lung lining fluid model – measures both GSH 
and ascorbate oxidation

2. Thiol Oxidation

3. Ascorbate Oxidation

4. Electron Paramagnetic Resonance

5. Fluorescent Probes – DCFH Oxidation /
Profluorescent  nitroxides 
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II. Thiol OxidationII. Thiol Oxidation

Kumagai et al., (2002) Chem. Res. Toxicol. 15: 483.

PM metal and quinone induced ROS

DTT (dithiothreitol) Thiyl

PMn PMn-1

O2O2
•-

Unreacted 
DTT

+ DTNB 
5,5’-dethiobis-
(2-nitrobenzoic acid) Fluorescent NTB2-

λ= 412 nm 

PM incubations at 37 °C 
60 minutes

Oxidative Potential = 
DTT oxidation

[nmol (µg PM)-1]
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III. Ascorbate OxidationIII. Ascorbate Oxidation
PM induced ROS: metals ONLY

Ascorbate (AA) Dehydroascorbate (DHA) 

DiStefano et al., (2009) Inhal. Toxicol. 21: 731.
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+
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+
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(dihydroxybenzoate)
2,3-DHBA 

Measure conc loss = non-metal specific AA oxidation

Metal 
only

Metal and
Quinone

Oxidative Potential = 
DHBA formation
[nmol (µg PM)-1]
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IV. Electron Paramagnetic Resonance (EPR)IV. Electron Paramagnetic Resonance (EPR)

Shi et al., (2003) J. Environ. Monit. 5: 550; Valavanidis et al (2006) Environ. Chem. 3:118.

PM bound and metal/quinone induced ROS 
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Va. Fluorescent ProbesVa. Fluorescent Probes

PM
n-1

DCFH (2’-7’-dichlorofluorescin)

Fluorescent DCF
λ= 525 nm 

Pero
xid

as
e 

H2O2

Non-specific ROS 
mediated oxidation 
of DCFH

1. PM bound ROS 
Organic free radicals

2. PM metal induced ROS
(+ peroxidase)

OP by DCFH oxidation can 
be used to indicate:

LeBel et al., (1992) Chem. Res. Toxicol. 5: 227.

•OH

PM bound and metal induced ROS
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equivalent [nM (µg PM)-1]
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Vb. Fluorescent ProbesVb. Fluorescent Probes

BPEAnit
(9,10-bis(phenylethynl)anthracene + 

nitroxide ring

λ= 485-513 nm 

PM bound ROS 
Organic free radicals

OP by BPEAnit oxidation 
can be used to indicate:

Miljevic et al., (2010) Atmos Environ. 44: 2224-30.

PM bound and metal induced ROS
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Measurement of PM Oxidative Potential Measurement of PM Oxidative Potential 
(OP) with Acellular Models (OP) with Acellular Models 

• Rapid screening technique which serves as a biologically pertinent 
index of PM toxicity integrating heterogeneities in PM size, surface 
area and composition into a single metric.

• Acellular  OP models quantify the ability of PM to drive damaging 
biological oxidation mediated by inherently redox active PM chemical 
constituents.   

• PM bound reactive oxygen species
• Organic free radicals

• PM induced production of reactive oxygen species
• Transition Metals
• Quinones + other organics
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