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Exposure to poor air quality is the top environmental risk factor of premature mortality
globally. It is estimated that 91 % of the world’s population lives in places where air quality
exceeds World Health Organisation guideline limits and that 1 in 9 deaths globally are a
result of exposure to air pollution. Volatile organic compounds (VOC) are emitted to the
atmosphere from both man-made and natural sources. They play a key role in the formation
of ozone, a toxic pollutant, and they can also increase the amount of particulate matter,
through the formation of secondary organic aerosol (SOA) (Hallquist et al., 2009).

Isoprene constitutes nearly half of all global emissions of VOCs to the atmosphere, with a
flux of ~600 Tg per year. The dominant source of isoprene is biogenic emissions from trees
and plants, with a small emission in gasoline vehicle exhaust. In remote regions, isoprene
can dominate the formation of secondary organic aerosol (Robinson et al., 2011). However,
the contribution of isoprene to secondary organic aerosol formation is still under debate,
especially in regions where biogenic emissions combine with those from urban
environments. The interaction of isoprene with man-made pollutants, such as NOy and
sulfate aerosol, can increase the amount of toxic pollutants that can form in urban areas. A
recent study of 28 megacities, found urban green spaces (Fig 1) covered on average 31 % of
the built up area, ranging from 3 % (Karachi) to 58 % (London) (Huang et al., 2017).
Therefore, there is potential for significant isoprene emissions in urban areas.

Recent aircraft observations of polluted power plant plumes that had mixed with air
containing high levels of isoprene, found that the isoprene reactions with nitrate radicals
during the night was a much more efficient source of secondary organic aerosol than
previously thought (Fry et al., 2018). One possible explanation for the discrepancy between
these measurements and previous laboratory results is that the atmospheric lifetime of
isoprene derived peroxy radicals in these plumes could be significantly longer than has been
replicated in the lab, and could lead to previously unknown reactions dominating. In order
to investigate this exciting new chemistry, a series of experiments were carried out at

the highly instrumented SAPHIR outdoor atmospheric simulation chamber (Fig 2) in the
summer of 2018. The data from these experiments will be used during this PhD to challenge
our understanding of this understudied aspect of atmospheric chemistry and also to plan
and deliver follow up experiments at SAPHIR. This project will also investigate the formation
of SOA from isoprene at night in a range of polluted environments using state of the art
mass spectrometry. Understanding the interplay between highly reactive biogenic emissions
such as isoprene and anthropogenic emissions is crucial if we are to reduce secondary
pollutants such as ozone and aerosols in highly populated urban areas.
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Fig 1: Poor air quality day in Beijing in Fig 2: The SAPHIR atmospheric simdlation chamber
summer 2017. Beijing has more than at Forschungszentrum in Julich

45 % urban green space.

Project description and aims

This project aims to understand the impact of nighttime chemistry of isoprene on air quality
in polluted urban and rural environments. Isoprene is emitted by plants during the day,
peaking around midday, and reacts predominantly with hydroxyl radicals, which are formed
in the presence of sunlight. However, a significant fraction of isoprene can still be present
after the sun has set and reaction with nitrate radicals, which have higher concentrations at
night, can become the main loss route. This chemistry leads to the formation of organic
nitrates, which can then undergo condensation and further reactions to form SOA.

This project will use both experimental atmospheric simulation chamber data and ambient
monitoring to investigate the reactions of isoprene with nitrate radicals and how this leads
to increased levels of toxic pollutants. This will be achieved through the following:

1) Using simulation chamber experiments to investigate the nighttime chemistry of
isoprene with nitrate radicals under polluted conditions.

The aim of the 2018 experiments at SAPHIR was to more accurately replicate the fate of
isoprene peroxy radicals, compared to previous studies that have usually been carried out at
unrealistically high concentrations. The student will analyse and interpret experimental
results obtained using state of the art instrumentation from world leading institutions in
Europe and the US. They will construct a detailed chamber specific box model incorporating
the Master Chemical Mechanism (mcm.leeds.ac.uk/MCM) to evaluate and interpret the
chemistry and optimise/improve the mechanism based on the results. The student will then
use the results of the chamber model to design a new set of experiments to be carried out at
SAPHIR during the project.

2) Quantify the contribution of isoprene nitrate secondary organic aerosol to particulate
matter in polluted atmospheres and determine the key factors that control the impact of
this chemistry on air quality.

Particle samples collected in a range of polluted urban and rural environments will be
analysed to determine the concentrations of isoprene nitrate tracer molecules using ultra



high-resolution mass spectrometry. This state of the art analytical method has greater
sensitivity than previous measurements, allowing the formation and loss of isoprene nitrate
aerosol to be studied throughout the night. Particle samples are already available for a
number of megacities and the student will have the opportunity to participate in fieldwork
collection of aerosols during upcoming projects in Guangzhou in China and in London.

Training

This project will be supervised by Dr Jacqui Hamilton and Dr. Pete Edwards at the University
of York Department of Chemistry (YDC). The successful PhD student will have access to a
broad range of training workshops put on by the University of York as part of its Innovative
Doctoral Training Program. The studentship is offered as part of the PANORAMA Doctoral
Training Program, which provides additional training. Through the Department of Chemistry,
University of York and PANORAMA training there are a wide range of activities including
courses aimed at specific scientific objectives, improving transferrable skills, completing your
PhD and putting your work into a wider scientific context.

Dr Hamilton, an expert in the compositional analysis of atmospheric aerosols, will provide
comprehensive training in advanced mass spectrometry and data analysis strategies. Dr Pete
Edwards has expertise in interpreting complex gas phase measurements with chemical
modeling, and will provide training on the chamber modeling, experiment design and
isoprene chemistry. This studentship will be based in the Wolfson Atmospheric Chemistry
Laboratories (WACL), a world leading facility bringing together experts in atmospheric
measurements, Earth system models and lab-studies to form the largest integrated UK
atmospheric science research team. These were established in 2013 and comprise a state of
the art 1200 m? dedicated research building, the first of its kind in the UK. The Laboratories
are operated as collaborative venture between the University of York and the National
Centre for Atmospheric Science (NCAS), co-locating around 40 researchers from seven
academic groups and from NCAS. The Laboratories are also home to independent research
fellows, postdoctoral researchers, PhD students and final year undergraduate research
projects.

The student will have the opportunity to present their work to the scientific community at
national and international meetings and conferences. They will also be encouraged to take
part in outreach events organised by both WACL and NCAS in order to disseminate the
research beyond the immediate scientific community (e.g. to policymakers and the general
public).

Applicants should have a First or 2:1 degree in Chemistry, Physics, Computing,
Environmental Sciences or a related discipline, or have a 2:2 degree and also a Masters
qualification. We appreciate that this PhD project encompasses several different science
and technology areas, and we don’t expect applicants to have experience in many of these
fields. The project is very well supported with experienced scientists and training in these
new techniques and disciplines is all part of the PhD.

References

Hallquist, M., Wenger, J. C., Baltensperger, U., Rudich, Y., Simpson, D., Claeys, M., Dommen,
J., Donahue, N. M., George, C., Goldstein, A. H., Hamilton, J. F., Herrmann, H., Hoffmann, T.,
linuma, Y., Jang, M., Jenkin, M. E., Jimenez, J. L., Kiendler-Scharr, A., Maenhaut, W.,
McFiggans, G., Mentel, Th. F., Monod, A., Prévot, A. S. H., Seinfeld, J. H., Surratt, J. D.,
Szmigielski, R., and Wildt, J.: The formation, properties and impact of secondary organic


http://www.york.ac.uk/
http://www.york.ac.uk/
http://www.york.ac.uk/chemistry/

aerosol: current and emerging issues, Atmos. Chem. Phys., 9, 5155-5236,
https://doi.org/10.5194/acp-9-5155-2009, 2009.

Huang, C., Yang, J., Lu, H., Huang, H., Yu L. Green Spaces as an Indicator of Urban Health:
Evaluating Its Changes in 28 Mega-Cities. Remote Sensing. 9(12):1266, 2017.

Fry, J. L., Brown, S. S., Middlebrook, A. M., Edwards, P. M., Campuzano-Jost, P., Day, D. A,,
Jimenez, J. L., Allen, H. M., Ryerson, T. B., Pollack, I., Graus, M., Warneke, C., de Gouw, J. A,,
Brock, C. A., Gilman, J., Lerner, B. M., Dubé, W. P., Liao, J., and Welti, A.: Secondary organic
aerosol (SOA) yields from NOs radical + isoprene based on nighttime aircraft power plant
plume transects, Atmos. Chem. Phys., 18, 11663-11682, https://doi.org/10.5194/acp-18-
11663-2018, 2018.

Robinson, N. H., Hamilton, J. F., Allan, J. D., Langford, B., Oram, D. E., Chen, Q., Docherty, K.,
Farmer, D. K., Jimenez, J. L., Ward, M. W., Hewitt, C. N., Barley, M. H., Jenkin, M. E., Rickard,
A. R., Martin, S. T., McFiggans, G., and Coe, H.: Evidence for a significant proportion of
Secondary Organic Aerosol from isoprene above a maritime tropical forest, Atmos. Chem.
Phys., 11, 1039-1050, https://doi.org/10.5194/acp-11-1039-2011, 2011.

Suggested reading

Edwards, P., Aikin, K.C., Dube, W.P., Fry, J.L., Gilman, J.B., de Gouw, J.A., Graus, M.G.,
Hanisco, T.F., Holloway, J., Hlbler, G., Kaiser, J., Keutsch, F.N., Lerner, B.M., Neuman, J.A.,
Parrish, D.D., Peischl, J., Pollack, I.B., Ravishankara, A.R., Roberts, J.M., Ryerson, T.B., Trainer,
M., Veres, P.R., Wolfe, G.M., Warneke, C., Brown, S.S. 'Transition from high- to low-NOy
control of night-time oxidation in the southeastern US' Nature Geoscience. DOI:
10.1038/nge02976, 2017.

Hamilton, J. F., Lewis, A. C., Carey, T. J., Wenger, J. C. Characterization of polar compounds
and oligomers in secondary organic aerosol using liquid chromatography coupled to mass
spectrometry. Analytical Chemistry, 80(2), 474-480, 2008.

Mackenzie-Rae, F. A., Wallis, H. J., Rickard, A. R., Pereira, K. L., Saunders, S. M., Wang, X., and
Hamilton, J. F.: Ozonolysis of a-phellandrene — Part 2: Compositional analysis of secondary
organic aerosol highlights the role of stabilised Criegee intermediates, Atmos. Chem. Phys.,
18, 4673-4693, https://doi.org/10.5194/acp-18-4673-2018, 2018.

Noziere, B., Kalberer, M., Claeys, M., Allan, J., D'Anna, B., Decesari, S., Finessi, E., Glasius, M.,
Grgié, I., Hamilton, J.F., Hoffmann, T., linuma, Y., Jaoui, M., Kahnt, A., Kampf, C.J., Kourtchev,
I., Maenhaut, W., Marsden, N., Saarikoski, S., Schnelle-Kreis, J., Surratt, J.D., Szidat, S.,
Szmigielski, R., Wisthaler, A. The Molecular Identification of Organic Compounds in the
Atmosphere: State of the Art and Challenges. Chemical Reviews, 115, 3919-3983, 2015.



