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What is ETS?
Environmental Tobacco Smoke 

or
Second hand smoke

or
Passive smoking

• Complex mixture of aerosols and gases, over 4000 
components:
– Mainstream Smoke (MS) is the smoke exhaled from the 

lungs of smokers during active smoking.
– Sidestream Smoke (SS) is generated from the 

smouldering cigarette
– Sidestream smoke dominates ETS and is considered to 

be more harmful

ETS Concerns

• Lung cancer
• Childhood illnesses
• Exacerbation of 

asthma 
• Heart Disease
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M R Law, J K Morris, N J Wald, Environmental tobacco 
smoke exposure and ischaemic heart disease: an evaluation 
of the evidence BMJ 1997;315:973-980
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AK Hackshaw, MR Law, NJ Wald. The accumulated 
evidence on lung cancer and environmental tobacco 
smoke.BMJ 1997;315:980-988
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ETS Markers for Air Sampling
• Carbon Monoxide

– Not specific to ETS
– Easy to measure

• RSP: Respirable suspended 
particles
– Often not a well defined size 

fraction: PM2.5, PM3.5 and 
PM10.0

– Many other sources e.g. 
vehicles, cooking,

• ETS Specific Particles
– Varying ETS specificity
– Sampling and analysis more 

complex

• Nicotine:  
– ETS specific
– Relatively easy to sample 

and analyse
– Problems with absorption 

onto surfaces
• 3-ethenyl-pyridine 

– 3-EP is tobacco specific
– Similar to nicotine but 

reduced absorption 
problems

Case Study –
Monitoring of ETS markers 
in pubs and bars
• Prior to July 2007 legislation pubs 

chose what policy to apply
• 2 Control options:  

Non-smoking areas & 
Ventilation.  

But little research on their 
effectiveness.

• We examined this using area 
monitoring in Manchester pubs
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Sampling Methodology
• Area monitoring in 60 pubs and 

bars in and around Manchester
– Oct 2000 – July 2001

• 4 hr sampling period:
– 6:30 – 10:30 (pm)

• Several locations sampled: 
1) behind bar, 
2) smoking areas 
3) non-smoking areas,

• Markers Used:
– RSP as PM2.5
– ETS Specific Particles: 

UVPM, FPM, SolPM
– Nicotine 
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1: Timer system
2: Pump
3,7: Battery Packs
4: Manifold – flow splitter
5: PM2.5 sample head (2 l/min)
6: Nicotine, XAD-4 tube (1 l/min)

Nicotine
• Active sampling using 

XAD-4 adsorbent tube 
at 1 l min-1

• Extracted with ethyl-
acetate

• Analysed using GC-MS 
Ion selective mode at 
m/z 162

• This is an alternative to 
the NPD detector

Tobacco Specific Particles

UVPM
 ug m-3

THBP
ug m-3

UVPM

FPM
ug m-3

Scopoletin
ug m-3

FPM

Columnless HPLC

SolPM
ug m-3

Solanesol
ug m-3

SolPM

HPLC with a column

Methanol extract

RSP Sample • RSP: determined using 
6 figure microbalance

• UVPM: ultra violet 
particulate matter

• FPM: fluorescent 
particulate matter

• SolPM: solanesol 
particulate matter

• Factor applied to estimate 
% of particles due to 
tobacco based on 
RSP:component ratio 
in a chamber

Inc. specificity

Smoking v Non-Smoking Areas
• Smoking areas 

have higher 
levels of ETS 
than non-
smoking areas.

• Some reduction 
in exposure for 
bar staff 

• Nicotine 
reductions may 
be misleading
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Ventilation

• No indication that mechanically 
ventilated pubs have lower levels,

• Not clear what level of ETS is 
appropriate

0

20

40

60

80

100

120

140

RSP SolPM Nicotine

Co
nc

en
tra

tio
n 

(u
g 

m
-3

)

Mechnaical
Extractor fans
Natural

Biomonitoring
• Measurement of ETS biomarkers 

in saliva, urine, hair or blood
• Salivary cotinine, a metabolite of 

nicotine, has proved the most useful
– Sampling is straightforward using salivettes
– but requires experienced analysis by GC-MS
– Cotinine half life in the body (16-20hrs) is much 

longer than nicotine (30mins), so will detect 
smoking over previous day or 2.

http://www.archive.official-documents.co.uk/document/doh/survey96/ehch8.htm
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Ireland Bar Staff

M Mulcahy, D S Evans, S K Hammond, J L Repace and M Byrne Tob. 
Control 2005;14;384-388 Secondhand smoke exposure and risk 
following theIrish smoking ban: an assessment of salivarycotinine
concentrations in hotel workers and airnicotine levels in bars

Real Time Measurements
• Over last 5 years equipment has improved 

allowing real time measurement of fine particles
• Practical for personal 

& area monitoring (0.5kg)
• Accuracy fine for 

ETS work (1µg/m3)
• Allow shorter survey periods
• Not ETS specific so have 

been most useful for 
before/after & 
smoker/non-smoker studies

BHETSE study

Sean Semple, Karen S Creely, Audrey Naji, Brian G Miller 
and Jon G Ayres.  Secondhand smoke levels in Scottish 
pubs: the effect of smoke-free legislation Tob. Control 
2007;16;127-132

Real time 
measurement 
in Scottish 
bars pre/post 
ban

Real time personal monitoring

February and May 2006 A typical 
Saturday shift 
in the pub

Current ETS work
• DoH funded Smokefree07 study of bars and bar 

staff before and after Smokefree
legislation in England

• combines
– air sampling
– personal measurement
– Cotinine measurement
– Questionnaire survey

• 4 site study:
– London
– Liverpool
– Cumbria
– North East

Conclusions – ETS measurement
• Air sampling of RSP, ETS-particles and nicotine 

are useful markers but with limitations.
• Nicotine absorption can hinder comparisons 

between different areas
• RSP has other indoor sources but where 

cigarette sources are strong or changing real 
time measurement is useful

• Biomonitoring is useful but where the exposure 
occurs is not indicated

• Combination of measurement strategies 
required to suit the study purposes
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