
Application of a low-cost method to quantify human exposure to ambient 
particulate matter concentrations across a wide range of microenvironments

1 Introduction 
In order to quantify exposure and conduct health impact
assessment, it is essential to develop a deeper
understanding of individual exposure pathways and
situations occurring in people’s everyday lives.
Here the development and application of a personal
monitoring method to assess exposure to fine particulate
matter in a variety of microenvironments (MEs) is described.
Monitoring individual exposure can support policy and public
health decisions (Steinle et al. 2013). Exposure assessment
also provides a comprehensive snapshot of a person’s
exposome – a measure of effects of life-long environmental
exposure on human health (Wild, 2005).

2 Aims

 Apply a personal monitoring device to 
collect particle number and location data

 Integrate air quality and contextual data to 
assess relative differences in exposure 
between individuals 

 Assess personal exposure across all 
(micro)environments a person experiences

References: 
Steinle et al., Quantifying human exposure to air pollution—Moving from static monitoring to spatio-temporally resolved personal 

exposure assessment. Science of the Total Environment 2013; 443: 184-193.
Fernandes et al., EnVie. Co-ordination Action on Indoor Air Quality and Health Effects. IDMEC, Portugal, 2009.
Wild, C. P., Complementing the Genome with an “Exposome”: The Outstanding Challenge of Environmental Exposure 

Measurement in Molecular Epidemiology. Cancer Epidemiology Biomarkers & Prevention 2005; 14(8): 1847-1850.

Figure 1. The monitoring 
backpack – comprising the 
particle counter and a GPS 

receiver.

Tab 1. Percentage of time spent 
per class (a) and per ME (b) for 
both periods of data collection.

a)

b)

Figure 3 shows two profiles recorded by different individuals on the
same day. Both individuals liven in Edinburgh city and commute to and
from the same workplace. Note the different y-scales.
a) Data gaps in P1-03 in the are due to rain when the person was
cycling to and from work and walking to a destination in the evening.
The increase of concentration at the Work place ~11:00 is when staff
came back to the office.
b) P1-05 shows higher levels in the Home and Transport MEs. The
increase at Home ~ 6:00 might be caused by the volunteer’s cat. Work
is, characterised by low concentrations (<2 µg/m3). In the evening
(~20:00-21:30) cooking and cleaning increased levels at Home to just
over 10 µg/m3 for a short period, slowly decreasing again over night.

3 Results
Data has been derived with a Dylos 1700 particle counter, a GPS and
time-activity diaries over two fieldwork phases in autumn 2012 and
spring 2013.
In both datasets the majority of time is spent Indoors, in line with the
European average of 90% (Fernandes et al., 2009). Outdoor rural in
the P1 dataset is strongly influenced by weekends spent in rural
Scotland (Tab 1a). The P1 dataset (Tab 1b) includes more weekend
and holiday profiles with more time spent in Public and Private
residential buildings, Transport and Outdoor other. P2 generally
includes shorter profiles, mainly of working days resulting in less time
spent in MEs other than Home and Work.
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Fig 4. 
Fig. 4. Map displaying the GPS tracks of 
P1-05 showing PM2.5 concentrations 
(µg/m3) logged once per minute.

Fig 3. Two profiles derived on the same day show different patterns 
of time-activity and PM2.5 levels.
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Fig 5. Left: TEOM-FDMS hourly data (μg/m3) and Dylos hourly data (PNC) 
calculated from 1-mintue logs during the co-location period (10-15/04/2013 St) 
Leonards (SL) and Auchencorth Moss (AM, 30/09/- 04/10/2013). Right: resulting 
predicted PM2.5 mass concentrations in μg/m3 applying linear functions derived from 
co-location periods using major axis regression. 

Figure 5 shows the comparison of hourly-average Particle
Number Counts (PNC, # ft-3) for particles between 0.5 and
2.5 µm) from the Dylos monitor and PM2.5 Particle Mass (in
µg/m3) from the Auchencorth Moss (AM) and St. Leonards
(SL) TEOM-FDMS (left), as well as resulting ‘predicted’
PM2.5 mass concentrations in μg/m3 compared to reference
instruments (black line) for both a rural (AM) and urban (SL)
environment applying linear transfer functions derived using
major axis regression applied co-location study data (right).

Figure 4 shows the GPS track for
P1-05. In the morning the person
Walked to the bus stop, briefly
calling in at a post office. The
second part of the commute was
by Bus (western track). Here the
highest concentrations of about 14
µg/m3 were recorded during the
bus journey. (orange dots) The
return journey in the evening
follows a different route (tracks in
east and north) and is done by
Car, Bus and the last leg by
Walking. Walking along a main
road the highest concentrations
(~12-14 µg/m3) are observed
(yellow and orange dots)
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