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Active smoking kills half of regular smokers and exposure 
to second-hand smoke (SHS) causes respiratory and heart 
disease and pre-mature death in non-smokers. Encouraging 
smokers to stop smoking or to move towards having smoke-free 
homes and cars is likely to produce significant health benefits, 
particularly for non-smokers. Recent work has shown that 
monitors that provide real-time feedback on levels of tobacco 
smoke (air quality), particularly in the home, can increase 

smokers’ awareness of the potential harm of SHS to others and 
can motivate them to change their smoking behaviour. Until now 
the monitors used for this work have been very expensive, noisy 
and difficult to set-up; requiring a visit by a technician or scientist 
to the home to start and stop the device. The work reported in 
this briefing examined the performance of a simple, low-cost air 
quality monitor and looked at the potential for using it to monitor 
air quality in the home. 
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Overview

• The Dylos DC1700 provides public health and tobacco 
control professionals with a cheap and simple-to-use tool to 
engage smokers in understanding the harm generated by 
smoking at home and in a car. These simple devices could 
be made available to those living in smoking households – 
and potentially those affected by smoke drift from smoking 
households – through a range of health and community 
services including libraries, schools and sports centres.  

• More than 85% of the toxic particles and gases that make 
up second-hand smoke are invisible to the naked eye.

• Many smokers believe that simple actions, such as opening 
windows, are sufficient to protect their family from harm.

• Concentrations of fine particles in the air in smokers’ 
homes are often 10-50 times higher than air pollutant levels 
considered harmful in busy city centre streets.

• Providing smokers with information on air pollutant levels in 
their own home can be a powerful motivator to change their 
smoking behaviour.

Key points

Background

Second-hand smoke (SHS) from cigarettes is responsible for 
a considerable burden of lung and heart related ill-health in 
Scotland1. Smoke-free legislation, which came in to force in 
Scotland in 2006, led to large reductions in exposure to SHS in 
workplace and social settings2, and significant improvements 
in the public health of the nation through a reduction in heart-
attacks3, hospital admissions for asthma4 and the number of 
low birth weight babies5. The smoking restrictions apply only to 
enclosed and partially enclosed public spaces and many non-
smokers continue to be exposed to high levels of SHS at home 
and in cars6. Methods of encouraging smokers to make their 
home and car settings smoke-free have been the subject of many 
studies but with only limited success7.

Research shows that giving workers real-time information about 
the levels of exposure to hazardous chemicals in an occupational 
setting can lead to changes in how they perform tasks to reduce 
the risks to their health (ref). Our group has been studying 
whether a similar response is possible among smokers if they are 
given personalised feedback on air quality in their homes. In the 
pilot study REFRESH (Reducing families’ exposure to second-
hand smoke in the home) air quality monitors were used to give 
smoking mothers of young children information on smoke levels 
within their own homes8. The results of this work suggest that 
personalised feedback can be effective in motivating smokers to 
think about making their home smoke-free.
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Measuring smoking pollution 

The burning of tobacco in cigarettes releases gases and small 
particles (SHS) into the air. There are many ways of measuring 
SHS concentrations. Some monitors detect specific chemicals, 
like nicotine, that are only found in tobacco smoke, while others 
look at more general markers of air pollution. The mass of PM2.5, 
fine invisible particulate matter of less than 2.5 microns in diameter  
that can be inhaled in to the deep areas of the lung is a very good 
indicator of the amount of cigarette smoke in a room. PM2.5 is a 
useful measurement as there have been a lot of studies on the 
health effects of these fine particles. As a result, the World Health 
Organisation (WHO) recommends that daily concentrations of 
PM2.5 should not be above 25 micrograms per cubic metre of air 
(25 μg/m3).

Like many other studies, the REFRESH trial used the Sidepak 
AM510 Personal Aerosol Monitor to measure and record the 
levels of PM2.5. It is a very accurate monitor but has three distinct 
disadvantages, particularly for use in studies in the home. Sidepaks 
cost approximately £2,600 ($4,100) each and in large-scale and 
public-health interventions many monitors are required. Monitors 
might be lost, stolen or damaged making cost a a significant barrier 
to use. Secondly, the noise produced by the monitor’s internal pump 
can be annoying during quieter times within the home.  Finally, the 
monitor is complicated to use and requires a trained researcher to 
set it up and remove it from homes. 

In our search for an instrument that overcomes these problems we 
identified the Dylos DC1700. The Dylos is a simple light-scattering 
device (with one on/off switch) that is sold in the US and marketed 
to householders as an instrument that can be used to determine 
how clean the air is within their homes. It is also much cheaper, 
at just over 10% of the cost of the Sidepak; and potentially quieter 
due to the use of a small fan and larger air inlet. The Dylos monitor 
provides a measure of particle numbers, for which there are no 
recognized air quality standards or limits. In contrast, the Sidepak 
measures PM2.5 mass concentrations for which there are widely 
recognized health-based standards. The WHO, for example, use 
PM2.5 measures to indicate unsafe levels of outdoor air pollution.

Comparison with air quality standards is an effective way to 
communicating the potential harm to health associated with 
different levels of SHS exposure and so in this project we set out 
to determine the relationship between the Dylos and the Sidepak 
measurements and whether the Dylos measures could be reliably 
converted into the PM mass concentrations.  We also explored how 
easy the monitors were to use in the home setting.

The study

In this study we compared the Dylos 1700 and Sidepak AM510.

The Dylos:

• Uses a light-scattering technique to measure the number of 
particles in two particle size ranges: >0.5μm and >2.5μm 

• Records the number of particles every minute and is capable 
of logging 7 days worth of data 

• Expresses particle counts are expressed as a concentration 
per 0.01 cu ft of sampled air 

The Sidepak:

• Draws air through a size-selective PM2.5 inlet using a pump

• Uses a laser light-scattering technique to provide the 
concentration of particulate matter in the air

• Can record values every minute expressing the output as the 
mass of material in micrograms per cubic metre of air (μg/m3) 
to a maximum of 20,000 μg/m3

The Dylos has a major advantage in terms of cost but the Sidepak 
has the benefit of being able to provide information on pollution 
levels in mass concentration terms. 

Comparing technologies
A series of experiments were conducted to compare the Dylos 
to the Sidepak. Various concentrations of tobacco smoke were 
generated by lighting a commercially available cigarette and 
allowing it to burn for a short time in a sealed chamber (volume: 
3.63 m3). The chamber was fitted with an extraction fan which 
was used to remove the smoke. Both the Dylos and Sidepak 
instruments were set to record the concentration of smoke every 
minute for the duration of each test. A total of 14 experiments were 
performed, each for a period of 30 to 45 minutes. This included 
a period of 5 minutes prior to lighting the cigarette and 5 minutes 
after it had finished burning, when the extraction system removed 
the SHS and returning the chamber air to a ‘clean’ state. The 
duration of cigarette burning was typically less than 1 minute with 
the concentration of smoke reaching a steady-state within 1-2 
minutes after the completion of the cigarette burning. 

A further series of tests were performed to examine the response 
of the Dylos instrument in real home settings and to determine 
how easily the instrument could be installed and set to gather data 
by non-technical lay people using simple, written instructions. Ten 
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volunteers were recruited for this part of the work. Eight of the 
ten participants were asked to install the Dylos in their home on 
their own while the other two experiments were set up by a trained 
researcher. The Dylos device and mains lead were given to each 
of these 8 participants together with a short 2-page instruction 
leaflet on how to position the instrument and how to switch it on 
to record air quality information. Volunteers were asked to place 
the Dylos within the main living room of their homes for a period 
of 24-hours. In 5 of the 10 homes the researcher also placed a 
Sidepak instrument at a similar location to the Dylos in order to 
compare the results from both devices. On completion, the 8 
participants who had set the Dylos up on their own were asked 
some simple questions about how noisy the instrument was and 
any practical problems they had experienced. 

Findings of the sealed chamber tests 

There was a strong relationship between the PM2.5 concentrations 
measured by the Sidepak device and the particle numbers recorded 
by the Dylos instrument (see figure 1). Statistical analysis of the 
results from the 591 minutes worth of measurements produced 
an equation that allows the estimation of a mass concentration of 
PM2.5 from the particle number counts that the Dylos generates, so 
that measurements using these two different devices can be easily 
compared. This equation can be used to convert the readings from 
the Dylos instrument to give health-based air quality information to 
smokers in their own homes.

Findings of in-home tests 

None of the participants encountered any difficulty setting the 
instruments up in their home and 24-hours worth of measurements 
were successfully captured in each home. Two participants reported 
the noise from the Dylos was noticeable but no-one indicated that it 
presented an annoyance or disturbed their daily life.

Measurements of the amount of smoke in the home from both 
Dylos and Sidepak instruments were available for 24-hour 
periods in 5 (4 smoking and 1 non-smoking) volunteers’ homes. 
Applying the equation from the sealed chamber tests to the Dylos 
measurements produced graphs showing changes in PM2.5 
concentrations that were very similar to those generated by the 
Sidepak device installed in the same home. Figure 2 shows an 
example of the measurements obtained from one of these homes 
to illustrate how both instruments identify periods of high tobacco 
smoke levels during and after smoking activity.

Figure 2: Example of tobacco smoke concentrations 
measured in a home with both the Sidepak (blue) and 
the Dylos (red) instruments.

Graph showing each of the one-minute values of number of 
particles as measured by the Dylos, and the PM2.5 mass 
concentration as measured by the Sidepak, during sealed 
chamber tests. 

The graph demonstrates the close relationship between the 
measurements made by these two different instruments 
and provides a way of converting the Dylos particle number. 
measurements to the mass concentration measurements 
made by the Sidepak 

Figure 1: Comparing Sidepak and Dylos readings
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Conclusion 

The results of this project indicate that the Dylos DC1700 monitor 
provides public health and tobacco control professionals with 
a cheap and simple to use tool that can be used to engage with 
smokers about the harm caused by smoking in homes and cars. 
The Dylos can be used to provide smokers with real time air quality 
information that can then be compared to internationally recognised 
air quality standards, thus allowing conclusions to be drawn about 
potential hazard to health of SHS levels in homes and cars. This 
information is likely to be a powerful motivator to affect change in 
smoking behaviour. 

Policy and practice implications  

• Providing smokers with personalised information about the air 
quality in their homes has been shown to be an effective method 
of encouraging moves towards having a smoke-free home, 
which may, in turn, be a stepping-stone to giving up smoking. 

• The Dylos instrument overcomes many of the barriers to using 
this type of air quality feedback approach identified in earlier 
studies. It is relatively cheap, quiet to use and simple to operate 
– allowing a take-home method of delivery.

• This air quality measuring device could be delivered through a 
range of health-service or community settings to help engage 
smokers with existing smoking cessation provision. Venues 
such as libraries, schools and sport centres could offer the 
facility for people to take these instruments home for periods 
of up to one-week to receive detailed, personalised information 
about second-hand smoke levels within their own home.
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