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Background

• Urban air pollution remains a major 
environmental health issue

• Air quality management relies on mass-based 
metrics for PM2.5 and PM10

• Ultrafine particles (100nm) are measured using 
particle number concentration (PNC)

• Limited monitoring has led to limited knowledge, 
while UFPs remain unregulated

• “Efforts should be stepped up to utilize the 
emerging science and technology to advance 
approaches to the assessment of exposure to 
UFP for application in epidemiological studies 
and management.” (WHO, 2021)



Background

• UFPs primarily originate from anthropogenic 
sources:

• Motor vehicle emissions, domestic home 
heating, ports, and industry.

• Natural sources also contribute: marine 
aerosols and wildfire smoke.

• Changes in UFP emission profiles linked to:

• Energy transition

• Uptake of electric vehicles

• More efficient home heating systems

• Climate change

Li et al., 2024



PNC – Global (2019)

De Jesus et al., 2019



PNC – Different Environments
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Hence: spatial variation in PNC 



Research Objectives

• Historical UFP monitoring across Australia and 
New Zealand is intermittent and lacked multi-city 
measurements

• Research Objective:

• Quantify Particle Number Concentrations 
(PNC) across key urban centres. 

• Characterise spatial trends across climate 
zones. 

• Establish co-pollutant relationships



• Four major cities across AU/NZ:

• Brisbane, Sydney, Melbourne & Auckland

• Data captured over one full year per site to 
capture complete seasonal cycles

• 2021 - 2023

• Use ideally the same instruments

• Scanning Mobility Particle Sizers (SMPS) 

• Scanning Electrical Mobility Sizers (SEMS)

• Monitoring started during the pandemic

Methodology



Monitoring Sites & 
Instrumentation

Parameter Brisbane Melbourne Sydney Auckland

Area 15,842 km² 9,993 km² 12,369 km² 4,941 km²

Population 2.53 M 4.92 M 5.23 M 1.66 M

Climate 

(Köppen–Geiger code)

Humid subtropical 

(Cfa)

Mild and temperate 

(Cfb)

Humid subtropical 

(Cfa)

Maritime subtropical 

(Cfb)

Site classification Urban Regional Suburban Roadside

Instrument
Brechtel SEMS, model 

2100

TSI SMPS with 

EC3080, CPC 3772
TSI SMPS 3910

TSI SMPS with 

EC3080, CPC 3775

Detectable size range 5.08 – 974 nm 14.6 – 661.2 nm 11.5 – 365.2 nm 5.94 – 289 nm

Data resolution 5-minute 5-minute 1-minute 5-minute

Monitoring periods Sep 2022 to Aug 2023 Sep 2021 to Aug 2022 Mar 2022 to Feb 2023 Sep 2021 to Aug 2022

Pollutant monitored
NO, NO₂, NOₓ, CO, 

PM₂.₅, PM₁₀
NO₂, O₃, PM₁₀

NO, NO₂, SO₂, CO, 

O₃, PM₂.₅, PM₁₀
NO, NO₂, NOₓ, SO₂, 

BC, PM₂.₅



Results

• Daily median PNC across all four cities ranged 
between 3.6  - 5.6 × 103 cm−3 :

• Melbourne - 3.6 × 103 cm−3

• Brisbane - 3.9 × 103 cm−3 

• Sydney - 4.3 × 103 cm−3

• Auckland - 5.6 × 103 cm−3

• Seasonal patterns differed among cities:

• Highest PNC values observed during winter.

• Lowest PNC in the warmer months 

• Brisbane showed a less pronounced seasonal 
tendency



Results

• Hour-of-day analysis revealed a bi-
model distribution during morning 
and evening traffic peaks across 
all cities

• Auckland and Brisbane also 
observed an additional peak 
around midday

• Day-of-week analysis revealed the 
usual reduction on weekends 
(apart from Melbourne)



Results 

• Correlation analysis 
showed strong 
relationships with 
pollutants associated 
with motor-vehicles 
(NOx, CO, BC). 

• Weak relationship 
between PNC and PM2.5 

and PM10



PSD Regimes 



Discussion

• Recorded PNC concentrations were generally 
lower than what was reported globally

• Europe, North America and Asia median 
concentrations generally ranged from 
7.2 – 18 × 103 pt. cm−3

• Additional peaks observed in Auckland and 
Brisbane was hypothesised to be attributed to 
new particle formation events

• Increased concentrations during the cooler 
periods associated with domestic home heating 
and increased atmospheric stability 

• Weak relationship with PM2.5 and PM10 is inline 
with international literature 



Limitations & 
Future Work

• Harmonise instrumentation

• Better understand new particle formation 
events

• Understand the impacts of the pandemic - 
NPF

• Extend long-term assessments (beyond one 
year)

• Source identification with particle speciation 
and modelling



Conclusions

• Examined UFP PNC across four cities

• Concentrations were on the lower compared to 
global median concentrations

• Trends were generally in-line with other co-
pollutants

• UFPs moderated by local source proximity, 
atmospheric stability, and photochemical 
conditions

• Contributes to the growing body of literature to 
support UFP understanding to assist in more 
effective air quality management and targeted 
mitigation
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