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Quantification of radicals and reactive oxygen species contained in atmospheric
aerosol particles
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Atmospheric aerosols particles play an important role in adverse health
effects. Respiratory deposition of ambient particulate matter and their interactions with lung
antioxidants can lead to the formation of reactive oxygen species (ROS) that may contribute to
oxidative stress. In this project we measured ROS contained in ambient particles collected in an
urban air in Nagoya, Japan, using a cascade impactor. Applying electron paramagnetic resonance
spectrometry, we detected substantial amounts of environmentally persistent free radicals in
collected particles. For detection of ROS we applied a spin counting method. Other atmospheric
pollutants were also measured and we found that stable radicals and ozone anti-correlated. In summer

2017, another particle sampling has been conducted in a forest site in Wakayama. While
concentrations of free radicals were under detection limit, we observed that particles generate ROS
in water.
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Figure 1: Temporal evolution of concentrations of environmentally persistent free radicals (EPFR)
contained in atmospheric acrosol samples with lower cutoff diameters of 100 nm (red), 180 nm (yellow),
320 nm (blue), collected in Beijing, China in January 2016, Mainz, Germany, in May — June 2015,
Nagoya, Japan, in April 2016.
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Figure 2: Comparison of average concentrations and standard deviations of environmentally persistent
free radicals in atmospheric aerosol samples with lower cutoff diameters of 100 nm (red), 180 nm
(yellow), 320 nm (blue), collected in Beijing (18 samples), China in January 2016, Mainz (13 samples),
Germany, in May — June 2015, Nagoya (9 samples), Japan, in April 2016.
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Figure 3: Scatter plot of daily averaged concentrations of ozone vs. EPFR measured in

Nagoya (orange) and in Beijing (blue).
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Figure 4: EPR spectra of water extracts of particles with the diameter of <730 nm (red)

and 4.2 um (blue) collected in a forest site in Wakayama, Japan in summer 2017.
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1) M. Shiraiwa, “Multiphase chemistry”, NSF workshop on volatile chemical products, CU Boulder,
Colorado (Jan. 2019) (invited)
2) M. Shiraiwa, “Organic Aerosol Chemistry and Reactive Oxygen Species”, 4th International workshop
on heterogeneous kinetics, Takamatsu, Japan (Sep. 2018) (invited)
3) M. Shiraiwa, “Formation of reactive oxygen species by organic aerosols”, RISUD Annual
International Symposium 2018, Hong Kong Poly U. (Jun. 2018) (invited)
4) M. Shiraiwa, “Organic Particles in the Atmosphere”, Telluride Workshop, Telluride, CO, USA (July
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5) M. Shiraiwa, “Organic aerosol chemistry”, 101st Canadian Chemistry Conference and Exhibition,
Edmonton (Jun. 2018) (invited)

6) M. Shiraiwa, “Molecular corridors and Particle Phase State in Atmospheric Secondary Organic
Aerosols”, 254th American Chemical Society (ACS) National Meeting, Washington DC, USA (Aug.
2017)

7) M. Shiraiwa, “Multiphase chemistry of organic aerosols”, 2017 American Association for Aerosol
Research meeting
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