
 
 

University of Birmingham

Ultrafine particles and PM
2.5                                                  in the air of cities
around the world
de Jesus, Alma Lorelei; Rahman, Md Mahmudur; Mazaheri, Mandana; Thompson, Helen;
Knibbs, Luke D.; Jeong, Cheol; Evans, Greg; Nei, Wei; Ding, Aijun; Qiao, Liping; Li, Li; Portin,
Harri; Niemi, Jarkko V.; Timonen, Hilkka; Luoma, Krista; Petäjä, Tuukka; Kulmala, Markku;
Kowalski, Michal; Peters, Annette; Cyrys, Josef
DOI:
10.1016/j.envint.2019.05.021

License:
Creative Commons: Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):
de Jesus, AL, Rahman, MM, Mazaheri, M, Thompson, H, Knibbs, LD, Jeong, C, Evans, G, Nei, W, Ding, A,
Qiao, L, Li, L, Portin, H, Niemi, JV, Timonen, H, Luoma, K, Petäjä, T, Kulmala, M, Kowalski, M, Peters, A, Cyrys,
J, Ferrero, L, Manigrasso, M, Avino, P, Buonano, G, Reche, C, Querol, X, Beddows, D, Harrison, RM, Sowlat,
MH, Sioutas, C & Morawska, L 2019, 'Ultrafine particles and PM 

2.5
 in the air of cities around the world: are they

representative of each other?', Environment International, vol. 129, pp. 118-135.
https://doi.org/10.1016/j.envint.2019.05.021

Link to publication on Research at Birmingham portal

Publisher Rights Statement:
Checked for eligibility: 29/05/2019

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•	Users may freely distribute the URL that is used to identify this publication.
•	Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•	User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•	Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.

Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 20. Jan. 2021

https://doi.org/10.1016/j.envint.2019.05.021
https://research.birmingham.ac.uk/portal/en/persons/david-beddows(f7be78b9-49f2-43ac-96ab-2d9f7782c16c).html
https://research.birmingham.ac.uk/portal/en/persons/roy-harrison(bbd44e89-08da-454c-a13a-59a916716fb1).html
https://research.birmingham.ac.uk/portal/en/publications/ultrafine-particles-and-pm-25-in-the-air-of-cities-around-the-world(46b365c2-f42b-44ef-bff7-1ede2adfb6a9).html
https://research.birmingham.ac.uk/portal/en/publications/ultrafine-particles-and-pm-25-in-the-air-of-cities-around-the-world(46b365c2-f42b-44ef-bff7-1ede2adfb6a9).html
https://research.birmingham.ac.uk/portal/en/publications/ultrafine-particles-and-pm-25-in-the-air-of-cities-around-the-world(46b365c2-f42b-44ef-bff7-1ede2adfb6a9).html
https://research.birmingham.ac.uk/portal/en/publications/ultrafine-particles-and-pm-25-in-the-air-of-cities-around-the-world(46b365c2-f42b-44ef-bff7-1ede2adfb6a9).html
https://research.birmingham.ac.uk/portal/en/journals/environment-international(0f2f8906-7bff-46bf-b7f6-d83a08d2932e)/publications.html
https://doi.org/10.1016/j.envint.2019.05.021
https://research.birmingham.ac.uk/portal/en/publications/ultrafine-particles-and-pm-25-in-the-air-of-cities-around-the-world(46b365c2-f42b-44ef-bff7-1ede2adfb6a9).html


Contents lists available at ScienceDirect

Environment International

journal homepage: www.elsevier.com/locate/envint

Ultrafine particles and PM2.5 in the air of cities around the world: Are they
representative of each other?
Alma Lorelei de Jesusa,1, Md Mahmudur Rahmana, Mandana Mazaheria, Helen Thompsonb,
Luke D. Knibbsc, Cheol Jeongd, Greg Evansd, Wei Neie, Aijun Dinge, Liping Qiaof, Li Lif,2,
Harri Porting, Jarkko V. Niemig, Hilkka Timonenh, Krista Luomai, Tuukka Petäjäi,
Markku Kulmalai, Michal Kowalskij, Annette Petersj, Josef Cyrysj, Luca Ferrerok,
Maurizio Manigrassol, Pasquale Avinom, Giorgio Buonanon, Cristina Recheo, Xavier Querolo,
David Beddowsp, Roy M. Harrisonq,3, Mohammad H. Sowlatr, Constantinos Sioutasr,
Lidia Morawskaa,⁎

a International Laboratory for Air Quality and Health, Queensland University of Technology, Brisbane, QLD 4000, Australia
b School of Mathematical Sciences, Queensland University of Technology, Brisbane, QLD 4000, Australia
c School of Public Health, The University of Queensland, Herston, QLD 4006, Australia
d Southern Ontario Centre for Atmospheric Aerosol Research, University of Toronto, Toronto, ON M5S 3ES, Canada
e Institute for Climate and Global Change Research, School of Atmospheric Sciences, Nanjing University, Qixia, Nanjing 210023, China
f School of Environmental and Chemical Engineering, Shanghai University, Shanghai 200444, China
gHelsinki Region Environmental Services Authority, HSY, FI-00066 Helsinki, Finland
hAtmospheric Composition Research, Finnish Meteorological Institute, P.O. Box 503, FI-00101 Helsinki, Finland
iDepartment of Physics, University of Helsinki, FI-00014 Helsinki, Finland
jHelmholtz Zentrum München, German Research Centre for Environmental Health, Institute of Epidemiology II, Neuherberg, Germany
kGEMMA and POLARIS Research Centres, Department of Earth and Environmental Sciences, University of Milano-Bicocca, 20126 Milano, Italy
l Department of Technological Innovations, National Institute for Insurance against Accidents at Work, Research Area, Rome, Italy
mDepartment of Agricultural, Environmental and Food Sciences, University of Molise, via F. De Sanctis, I-86100 Campobasso, Italy
nDepartment of Engineering, University of Naples “Parthenope”, Via Ammiraglio Ferdinando Acton, 38, 80233 Napoli, Italy
o Institute of Environmental Assessment and Water Research, IDAEA, Spanish Research Council (CSIC), C/Jordi Girona 18-26, 08034 Barcelona, Spain
pNational Centre of Atmospheric Science, School of Geography, Earth and Environmental Sciences, University of Birmingham, Edgbaston, Birmingham B15 2TT, United
Kingdom
q Division of Environmental Health and Risk Management, School of Geography, Earth and Environmental Sciences, University of Birmingham, Edgbaston, Birmingham B15
2TT, United Kingdom
r Department of Civil and Environmental Engineering, University of Southern California, Los Angeles, CA 90089, USA

A R T I C L E I N F O

Handling editor: Yong-Guan Zhu

Keywords:
Urban aerosol
Particle number concentration
PM2.5

A B S T R A C T

Can mitigating only particle mass, as the existing air quality measures do, ultimately lead to reduction in ul-
trafine particles (UFP)? The aim of this study was to provide a broader urban perspective on the relationship
between UFP, measured in terms of particle number concentration (PNC) and PM2.5 (mass concentration of
particles with aerodynamic diameter < 2.5 μm) and factors that influence their concentrations. Hourly average
PNC and PM2.5 were acquired from 10 cities located in North America, Europe, Asia, and Australia over a 12-
month period. A pairwise comparison of the mean difference and the Kolmogorov-Smirnov test with the ap-
plication of bootstrapping were performed for each city. Diurnal and seasonal trends were obtained using a
generalized additive model (GAM). The particle number to mass concentration ratios and the Pearson's corre-
lation coefficient were calculated to elucidate the nature of the relationship between these two metrics.
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