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Background 

National Air Quality Testing Services (NAQTS) is a social business that is passionate about 
improving the quality of life. We seek to improve awareness of indoor air quality through 
widespread public and commercial monitoring using our holistic, high-quality, air pollution 
monitoring technology. 

 

Our technology incorporates the latest developments in low-cost sensor technologies, 
alongside a regulatory grade Condensation Particle Counter, Thermal Desorption tubes, 
and other environmental measurements, the NAQTS V1000 is a portable air quality 
monitoring station designed to be easy-to-use for high-volume, lower-cost air quality 
measurements. 

 

Based in UK (Lancaster University Environment Centre and Cardiff), and in Ann Arbor, 
Michigan, USA. 

 



Lancaster University 

Co-located with Lancaster Environment Centre (LEC) one of the largest multi-disciplinary 
environment centres in the world 

It combines an academic university department with a number of businesses 

 
Currently funding three PhD projects 
1. Energy Efficiency & IAQ 
2. Indoor Particulate Matter Mitigation 
3. IAQ & Environmental Justice 



Low Cost Sensor Technologies 

http://ec.europa.eu/environment/air/pdf/Brochure%20lower-cost%20sensors.pdf 



What about ultrafine particles? 

Dearth of “low-cost” UFP measurement 
technology 

Important as: 

• Huge spatial/temporal variability in UFP 
concentrations  

• Limited number of controlled human 
exposure and toxicological studies that 
examined UFPs alone or in well-characterized 
combinations with other pollutants 

 

 



What about ultrafine particles? 

Can we measure UFP in a low-cost, accurate 
device? YES. 

Dearth of “low-cost” UFP measurement 
technology 

Important as: 

• Huge spatial/temporal variability in UFP 
concentrations  

• Limited number of controlled human 
exposure and toxicological studies that 
examined UFPs alone or in well-characterized 
combinations with other pollutants 



NAQTS Air Quality Bench 

PN - CPC with 20:1 pre-dilution (IPA, d50 15nm) 
  
CO, NO2, NO – Electrochemical 
 
CO, NO2, VOCs – Metal Oxide 
 
 
VOCs – Metal Oxide 

 
CO2 – NDIR 
 
T, P, RH – BME280 
 
Vibration – 3D accelerometer and 3D Gyro 
 
Suitable for OEM applications 



Condensation Particle Counter (CPC) 

Regulatory grade PN: ISO 
27891 

 

CPC with 20:1 pre-dilution 
(IPA, d50 15nm) 

 

 



Electrochemical 

Using state-of-the-art 
transimpedance amplifier 
(LMP9100) for flexibility for 
set-up and calibration 

 

Electrochemical sensors used 
in conjunction with metal 
oxide sensors to address 
cross-interferences 
(orthogonal calibration 
methodology)   

 



Metal Oxide 



NDIR 

Auto Baseline algorithm used for long-term 
sampling (400ppm CO2) 

 

Can be fitted with sampling manifold adapter 

 



Gas Metrology 

 

 

 

 

Easy, low cost 
calibration using 
typical 
automotive gas 
bottles, e.g. 16% 
CO2 Quad Blend 
(CO, HC, NO), 
and NO2 through 
the integrated 
diluter 



NAQTS V1000: Integration for holistic monitoring 

NAQTS Air Quality Bench integrated 
into NAQTS V1000  
PN - CPC with 20:1 pre-dilution (IPA, 
d50 15nm) 
CO, NO2, NO – Electrochemical 
CO, NO2, VOCs – Metal Oxide 

VOCs – Real-time and thermal 
desorption tubes for GC-MS Analysis 
CO2 – NDIR 
T, P, RH – BME280 
Vibration – 3D accelerometer and 3D 
Gyro 
Noise – dBA 
Location – GPS 
OBD – Bluetooth 
Vibration – 3D accelerometer and 3D 
Gyro 
Web GUI with SQL Database 
 



Challenges 

• Low-cost sensor ≠ low cost device 

• How to “de-skill” the operation and use 

• Want –near– regulatory grade data 

• How to keep it low cost?  

• Delivery 

• Calibration 

• Maintenance 

• Data analysis / reporting 

• Funding! 



 
1. Sparse monitoring networks – fill data gaps 
2. Monitor new environments – indoors, in-vehicle 

etc. 
3. Citizen science – inspire behavioural change and 

empower citizens through active participation in 
the scientific process 

 

Opportunities 



Sparse monitoring networks 



Sparse monitoring networks 



Sparse monitoring networks 

http://maps.who.int/airpollution/ 



Applications 

CITIZEN SCIENCE - INDOOR:OUTDOOR AIR QUALITY 
Air quality toolkit for citizen science measurements. Capturing 
real-time pollution levels during school drop off/pick up times, as 
well as levels of student exposure in the classroom 
 
 VEHICLE INTERIOR AIR QUALITY 
Air Quality, Noise, and Vibration 
 
Data on in-cabin comfort from 100s of vehicles per year 

INDOOR AIR QUALITY & ENERGY EFFICIENCY 
Developing models for assisting building design and modification 
whilst ensuring energy efficiency and good indoor air quality. 
 

AIR QUALITY MAPPING 
Routine mobile monitoring for measuring time-integrated 
concentrations at high spatial resolution  
per year 



Indoor Air Quality & Energy Efficiency 
• 90% of our time indoors – potential for high concentrations 

• Energy efficiency agenda has sealed up buildings 

• CO2 concentration decay method for Air Change Rate 

• Indoor sources can become ”trapped” 

• Majority of UFP in domestic environments self-generated 

 

Summary of PNC  from various activity influenced 
periods (Isaxon et al., 2015)  

PNC  with effect of various ventilation strategies, A 
(No Ventilation), B (Extract Fan On) and C (Windows 
Open) upstairs (red) and downstairs (yellow) 



Vehicle Interior Air Quality 

101 minutes per day in vehicles (Dong et al. 2004) 

Immediate proximity to significant pollutant 

sources (other vehicles), plus in urban areas, high 

outdoor concentrations 



Vehicle Interior Air Quality 



Vehicle Interior Air Quality 

Quantifying “new-car smell” and dynamic VOCs using four 

integrated TD tubes in the NAQTS V1000 



Citizen Science 
PNC Indoor:outdoor at 13 schools in the Flanders region of Belgium 
Project ran by the students at VIVES Ecotechnology 
 



Citizen Science 
PNC Indoor:outdoor at 13 schools in the Flanders region of Belgium 
Project ran by the students at VIVES Ecotechnology 
 



Citizen Science 



Air Quality Mapping 
Routine mobile monitoring for measuring time-
integrated concentrations at high spatial 
resolution  
 
4-5 orders of magnitude improvements in 
spatial resolution than current central site 
monitoring stations 

 
However, this approach can be extended: 
1. “Future developments in fast- response 

low-cost sensor technologies could lower 
the costs of this approach” 

2. “In future studies, a considerably less 
intensive sampling scheme may provide 
similar results" 

3. Extension of this approach into global 
megacities 

4. Extend to the thousands of other cities 
where air quality management is impaired 
sparse monitoring infrastructure 
 

 



Air Quality Mapping 
2 year project in Guangzhou (megacity) 
 
Land-use regression model combining: mobile air 
quality monitoring, fixed site stations, 
meteorological, land-use, traffic volume, POI data 
etc. 
 
Will map UFP and other pollutants 
 
Developing an app to predict air pollution 
exposure 
 
When combined with cellular GPS data, rich 
“personal exposure analytics” become possible  
 
Case study to demonstrate feasibility of a low-cost 
air quality monitoring network 
 
Potential for expansion:  >150 cities in China with a 
population of >1 million 
 

 



Conclusions 

• CPC technology can be affordable for low-cost applications 

• Significant opportunities 

• Increased spatial resolution 

• Fill data gaps in spare monitoring networks 

• Inspire behavioural change and empower citizens 

• Potential for transformative understanding of air quality 

• Environmental management 

• Air pollution science 

• Epidemiology 

• Public awareness 

• Informed public policy 

• However; 

• Deeper understanding of low costs sensor performance required for holistic understanding 

• CPCs need to be further “de-skilled” to make accessible to all 
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Any questions? 


