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Urban Areas

• 55% of the world’s population lives in urban areas
• In the UK, approx. 84% of the population



Air Pollution in Urban 
Areas
• Combustion of fossil fuels

• Motor vehicles, heat and power generation

• Industrial facilities, municipal waste 
incineration

• Domestic cooking, heating, and lighting 

Air pollution emission

Nitrogen oxides

Particulate matter 
(PM10 and PM2.5)

Ozone



Health concerns associated with Air Pollution

PATHWAY HEALTH EFFECTS

Impacts:

Respiratory system Cardiovascular 
system

Groups most at risk:

Fraction of mortality attributable to particulate air 
pollution in 2018

Source: Finger Tips, Public Health England - 2018



UK and EU Air Quality Limits

Pollutant Highest Permissible Concentration Averaging Period

Nitrogen dioxide (NO2)

200 µg/m3 not to be exceeded 
more than 18 times a year

1 hour

40 µg/m3 1 year

PM10

50 µg/m3 not to be exceeded more 
than 35 times a year

24 hour

40 µg/m3

18 µg/m3 (Scotland)
1 year

PM2.5 25 µg/m3

10 µg/m3 (Scotland)
1 year

Ozone (O3) 100 µg/m3 not to be exceeded 
more than 10 times a year

8 hour mean



How do communities currently monitor Air Quality

Poor spatial resolution
Poor temporal resolution



Higher resolution 
data

Reference monitors

AQY monitor network

NO2
PM2.5

NO2 PM2.5



Aeroqual AQY –
Micro Air Quality 
Station

• A ‘low cost’ micro air quality monitor that produces real-time and scientifically 
credible data

• Simple to set up and easy to use

• Low cost to purchase and service

• Simple to deploy as networks



Aeroqual AQY – Micro Air Quality Station



Aeroqual AQY – Advanced Sensor Technology

• O3 sensor uses Aeroqual’s patented gas sensitive semiconductor 
(GSS) for unrivalled sensitivity, stability and selectivity 

• NO2 concentration is the difference between Ox sensor with O3

sensor

• Simple calculation, no need for web-based algorithm 

• Performance best on market from independent studies

http://www.aqmd.gov/aq-spec/evaluations/summary-gas

PM sensor inlet

O3 SensorOx Sensor

http://www.aqmd.gov/aq-spec/evaluations/summary-gas


Aeroqual AQY – Applications



What is a Smart City?

• A smart city is one that is a technology-intensive city. This means highly 
efficient public services, thanks to information gathered in by thousands of 
interconnected devices coupled with software applications.

• In the air quality context this means hundreds of air quality sensors 
providing real-time information to government and citizens alike. This data 
can be turned into useful information, allowing us to make better decisions 
– whether to do with transport planning, or knowing what route is best to 
walk to work.

• Air quality sensing fits well with the vision of the smart city – providing 
information about a city that was not previously available, allowing people 
to make decisions that can improve the quality of their lives



How do we know if the data is reliable?

• All air quality sensors exhibit drift (as do reference analysers)

• Sensor drift can be corrected by calibration however calibration by

traceable standards is often not be possible due to instrument design.

• Large numbers of sensors in dense networks makes site calibration

logistically difficult and expensive.

• Alternative methods of calibration are needed to understand the

quality of the measurement.



Sensor based systems - Drift



Drift correction



Calibration methods for AQY

MOMA calibration: identify proxy reference stations and match the sensor 
distribution to the distribution of the proxy reference. New process in 
development.  Requires nearby reference station data for all pollutants

Co-location with Reference: Good option especially if 
deployment sites are similar to the co-location site.  Can be done 
before and after a project. 

Transfer standard:  standard moves between Reference station and 
network nodes. This is very labour intensive. 

Mobile Reference standard: Reference standard visits network nodes 
for a period of time. Requires large variation in pollutant levels over 
short time. Not reliable. 



Co Location Before Installing Systems



Installing Systems



Locating hardware –
Street furniture



Locating hardware - Street Lighting



Street Lighting – Adaptor box 

AQY Monitor

Acoustic 
sensor

Camera



Stakeholders

• Instrumentation experts

• IT department, 

• Budget holders, 

• Politicians, 

• Network provider, 

• Integrators, 

• Environmental Health departments

• Highways departments

• Citizens



Data for  
planners to 

tackle issues

Verify the 
effectiveness of 

actions

Identify AQ 
issues



Think BIG, start small

A pilot scale test network of 3-15 
sensor devices to gain experience, 
and to make sure that the devices can 
actually deliver useful information



Suffolk - Urban & rural road network deployment







AQY Los Angeles Network



AQY Los Angeles network  NO2, O3, PM2.5

12

3

4

92 instruments in 4 locations

Central Los Angeles (20)

Riverside/San Bernardino (45)

Imperial County (15)

Catalina Island (4)

NO2, O3, PM2.5, 
T, RH



Site 
Photos



Co-located AQY instrument showing 9 month ozone data. r2 >0.97.

AQY – O3



AQY - NO2

January to May 2018 hourly data

• Hourly-averaged data over a period of 5 months



AQY – PM2.5

R2 Slope Intercept

vs Reference 0.831 0.91 -1.76

Between Instruments 0.987 0.99 0.27

• Three instruments co-located at the same reference site

• Hourly-averaged data over a period of 3 months AQY AA-130

AQY AA-131

AQY AA-132



AQY temporal information
AQY-AA151 located at Sierra Middle 
School about 4 miles from SCAQMD
Rubidoux station

Comparison of real-time data  from 
• Airnow (hourly)
• SCAQMD (hourly)
• AQY sensor (10 minute)



Sensor network vs regulatory network

Sensor

Regulatory

O3 NO2 PM2.5

The spatially dense AQY network identified local hotspots and issues more easily 

than the regulatory network. 

Heatmap generated using inverse-distance weighted interpolation in R.

Hourly maps stitched together into a video 



PM2.5 event detection

AQY 10-minute data AQY - hourly data

• PM2.5 event on 10 Aug 2018. Starts 11.30am, finishes 1.30 pm. Very localised. 

• Higher time resolution provides more information about the event and transport 

of pollutants

• Higher density detects more isolated events – not picked up by reference 

network.

Reference - hourly
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