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INTRODUCTION
Tobacco smoke is a complex dynamic aerosol suspended in an equally complex vapour cloud, and is a significant elective source of inhaled particles in the population,

despite it being a recognised cause of disease. However, little is known of the regional deposition of smoke and local micro-dosimetry from both its vapour and particle

phase constituents. Such data offer context to better understand biologically effective dose and potential modes of action of disease initiation. Dosimetry is one

component of a wider research programme defining risk and potential harm reduction. This poster offers a brief overview of the measurement techniques used with a

focus on dynamic measurement of the smoke and selected data illustrating some broad-based results.

SMOKE PARTICLE SIZE MEASUREMENT
•Puff by puff measurements of particle concentration and size by differential

electrical mobility analyser (10 Hz sampling, 10–1000 nm).

•Human smoking cycle can be replicated.

SMOKE CHEMISTRY MEASUREMENT
•‘Soft’ photo-ionisation time-of-flight mass spectrometry (SPI-TOF-MS).

•The ‘soft’ ionisation avoids fragmentation of the smoke chemicals.

•Chemical measurement is conducted from the exhaled or replicated inhaled

smoke. [Adam et al, (2009) Anal Bioanal Chem. 394:1193].

PUFF & INHALATION PROFILES
• Anatomically correct mouth and throat (right) and a combined puff-inhale-

exhale simulator (left).

• Realistic replication of smoking for improved measurements

SMOKE TOXICOLOGY
• In vitro toxicology assays are an important tool to assess modes of disease

initiation and much focus is placed on inflammatory processes.

• New tools incorporating a quartz crystal microbalance into an air-liquid interface

exposure chamber have allowed quantitative measures of smoke deposition at

different smoke dilutions from 0.2-28 µg.cm-2 (±8%) for differing biological response
[Adamson et al, (2012) Chem. Cent. J. 6: 98].

• Lower concentration equals approximately 11 smoke particles of 35 fg mass per

cell
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TOBACCO SMOKING
•Tobacco smoking yields a complex dynamic respirable aerosol formed by

combustion, pyrolysis and distillation of a natural product.

•It represents the single largest source of elective particle inhalation with a

global estimate of over 1 billion adult smokers and a global market of

approximately 5000 billion manufactured cigarettes annually.

•Smoke intakes can be estimated via a variety of techniques including

replicating puffing profiles or by the analysis of spent filter butts.

•Field studies of estimated mouth level exposure of tar for 5710 smokers in

8 countries as carried out by analysis of residual filter butts versus

laboratory calibrations estimated an average daily intake of 261 mg tar

[Mariner et al (2011), Reg Tox Pharm. 61:S39].

Puff replication & size data
Model DMS-500, Cambustion, UK

Cambustion Smoking Cycle

Simulator & Mobility Spectrometer
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 exhaled smoke direct (one breath averaged)

Mass spectra for inhaled and exhaled smoke (note scale difference)

SUMMARY
To summarise, our aerosol and inhalation research is focused on micro-dosimetry of

smoke and its constituents, as part of a broader programme of harm reduction. The

tools are applicable to other combustion sources such as urban pollution and

biomass burning. The key principles of our approach are :

• Development of dynamic measurement tools to reflect smoke behaviour

• Breaking down the different physical behaviours of smoke to understand the whole

• Link between experimental data collection and modelling

• Quantitative dose measures for context between estimated human dose and in

vitro disease models

• Developing an evidence-based risk assessment approach for regulation

VAPOUR DEPOSITION MODELLING
• Vapour phase is also an important fraction of smoke.

• Specific chemistry measurements (TOF-MS) are complemented by using

computational fluid dynamic (CFD) deposition models coupled to physiologically-

based pharmacokinetic models which may also address metabolic activation and

chronic dose.

• Sample data for 50 ppm acetaldehyde at steady state with subsequent puff data

indicates local human airway doses significantly lower than their equivalent from

rodent No Adverse Effect Level (NOAEL) exposures, suggesting that any response

will be chronic rather than acute.

CFD simulations of acetaldehyde flux in rodent and human lung 
(courtesy of  R. Corley, PNNL, Richland, WA)

Region Surface area (cm2) Deposition 

Efficiency (♂)

Tissue dose 

(µg.cm-2)

Mouth / Throat (ET) 470 0.05 28

Bronchial (BB/bb) 77 690 0.22 0.74

Alveoli  (AI) 1 400 000 0.42 0.078

MICRO-DOSIMETRY
• Published data for daily smoke intake (Mariner et al, 2011), regional deposition

efficiency (McAughey et al; Report AEAT-0159, 1991) and lung surface area (Weibel

(1963) Anaesth, 26, 367) are utilised to derive an estimate of local daily surface

doses assuming uniform ventilation and deposition.

• Higher local doses are driven by smaller surface areas in the upper airways.

• Local dose may also be estimated on number and particle surface area per cm2.

• Estimated human and measured in vitro bronchial dose are of the same order of

magnitude


