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Executive Summary 

The five lectures and table-top exercise that comprised the workshop and master class are summa-
rised along with embedded presentations and links to web resources. Two areas for collaboration 
were identified and these were the adoption of a common set of aqueous standards and the devel-
opment of a common approach to proficiency testing and benchmarking. 
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1 About the meeting  

Following the highly successful session at the International Association of Breath Research (IABR) 
Breath Analysis Summit 2015 in Vienna, and subsequent informal follow-on discussions, the Molecu-
lar Spectroscopy Group of the Royal Society of Chemistry in conjunction with the Horizon 2020 Pro-
ject TOXI-triage organised this workshop/master class on archival breath sampling to share: 

• best practice in the acquisition, stabilisation, storage and analysis of exhaled breath samples; 
• opportunities for standardisation of methods and materials; 
• ideas for the adoption of  common practices across research communities where practicable. 

The workshop was based on practitioner presentations, posters and table-top exercises and was 
intended to enable investigators to benchmark and align their breath sampling methods and provide 
expert, informal and friendly instruction on archival breath sampling to researchers new to this area. 

The table-top exercise was the most important aspect of the day with the aim to identify and consol-
idate what the workshop identified as best practice in the acquisition, stabilisation, storage and anal-
ysis of exhaled breath samples. 

An important additional element was a structured opportunity for networking across the meeting 
through participation in three moderated discussions with the themes: 

• Sample parameters 

• Environment  

• Storage, stability and transport. 

Delegates were allocated to a group that moved between one of six tables. Each table had an expert 
moderator (see Table 1) who facilitated the conversations and reviews. At the end of each session 
the groups were shuffled and moved to a new theme with a new moderator at another table.  

At the end of the day two opportunities were collectively identified: 

• adoption of a Henry’s law calibration approach for instruments and sampling systems ; 

• ideas for the adoption of  common benchmarking and proficiency testing practices across 
research communities where practicable. 

Table 1 summarises the programme along with the discussion groups and theme rotations for the 
table-top exercise. 

 

Figure 1. An extract from Stephen Fowler’s presentation showing the structure of a lung rendered from VOC. 
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Table 1. PROGRAMME FOR A WORKSHOP/MASTER CLASS ON ARCHIVAL BREATH SAMPLING THURSDAY 28th April 2016 

Time 
start 

Time 
finish Speaker  Title 

09:30 10:00 CAS Registration and welcome coffee 
10:00 10:20 Paul Thomas  Outline of the process  
10:20 10:30 Jonathan Beauchamp The need for a standardised approach to breath sampling 
10:30 10:50 Billy Boyle ReCIVA breath sampler 
10:50 11:10 Jens Langejuergen  TOXI-triage breath sampling protocol 
11:10 11:30 Coffee and breakout   
11:30 11:50 Steve Fowler Clinical applications 
11:50 12:10 Hannah Calder  COTS adsorbents 
12:10 13:15 ALL Working lunch and Posters 
13:15 15:00 ALL Table-top exercise: critical evaluation of the state of the 

art of breath sampling 
15:00 15:15 Tea and Breakout  
15:15 15:45 Paul Thomas, moderators Feedback on critical evaluation 
15:45 16:00 Paul Thomas / Jonathan 

Beauchamp 
Next steps 

16:00 till late Farwell and informal follow on discussions 

 

Table Theme 
Time 

13:15 to 13:50 13:55 to 14:30 14:35: 15:00 

1 Sample parameters A and G F and H E and I 
2 Environment B and H A and I F and J 
3 Storage, stability and transport C and I B and J A and K 
4 Sample parameters D and J C and K B and L 
5 Environment  E and K D and L C and G 
6 Storage, stability and transport F and L E and G D and H 

 

 

Figure 2. GC-MS the Gold Standard for the analysis of exhaled breath. 
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2 Notes from the Presentations 

2.1 The need for a standardised approach to breath sampling  

Jonathan Beauchamp (Fraunhofer IVV) rehearsed the rationale for breath-based health status as-
sessment before reflecting on the challenges inherent in breath analysis. In succinct summary exam-
ples, critical reflection and data were reviewed that encompassed the following sampling considera-
tions: 

• Matrix (gas-phase, EBC, particulates, aerosols) 
• Portion of breath (mixed expiratory vs. end-tidal) 
• Target compounds (lability, polarity, vapour pressure, partitioning) 
• Providing a sample (at rest vs. active, recumbent vs. upright) 
• Controlled sampling (flow, pressure, CO2) 
• Intra- & inter-individual variability 
• Mode of sampling (nasal vs. oral) 
• Type of sampling (purge & trap, gas-phase) 
• Frequency of sampling 
• Number of samples per subject 
• Normalisation to physiological parameters (CO2, abs. humidity, pressure) 
• Hyperventilation 
• Additional constituents (bacteria, proteins, inflammatory markers, pH) 
• Constraints (passive sampling vs. active breathing) 
• Satiety (duration of fasting, if any, required?) 
• Environmental confounders (inspired (ambient) air sampling, clean air) 

The importance of the exposome (J. Breath Res. 5 (2011) 046005) was emphasised with specific em-
phasis on the potential importance of indoor environments as environmental confounders. 

Storage of breath samples was also considered and data were presented showing the loss of VOCs 
from breath samples stored in polymer bags that were then contrasted with complementary studies 
showing how environmental volatiles permeate into polymer bags contaminating the breath sample. 

The final set of challenges was associated with the diversity of analytical techniques and how data 
were to be shared, compared and combined.  

The concluding remarks proposed a framework for standardised practices and emphasised the re-
quirement for a consensus on procedures in: 

• Sampling 
• Storage 
• Analysis 

Journal of Breath Research was highlighted as a useful source for further research with the following 
articles highlighted and a copy of the slides may be found appended to this report. 

J. Breath Res. 5 (2011) 037103 
J. Breath Res. 7 (2013) 042001 
J. Breath Res. 8 (2014) 037101 
J. Breath Res. 9 (2015) 047107   

Beauchamp_BreathUK
2016-FINAL_PDF.pdf  
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2.2  ReCIVA breath sampler 

Billy Boyle described the work of his company, Owlstone, in facilitating an open source approach to 
breath sampling as part of their ongoing efforts with developing breathalyzers for disease. An exem-
plar project (Lung Cancer Indicator Detection: LUCID) was reviewed briefly and the challenge of the 
lack of a standard method for breath sampling and analysis was revisited. To address this challenge 
an open-source breath sampler consortium was established (Breathe Free) with the following aims: 

• Assemble a community of researchers in breath-based diagnostics 
• Share collective knowledge of breath sampling 
• Jointly design a breath sampler that can be used with a large range of analytical instruments. 

The resultant design is open source and freely available to everyone. The variant produced by 
Owlstone is currently in use by 17 hospitals across Europe. The system was demonstrated during the 
lunch and poster break where the team from Academic Medical Centre, University of Amsterdam 
also presented a design modification that integrated sensor arrays into the sampler complete with 
enhanced bio-filters for use with immuno-compromised participants. 

The presentation may be accessed by following the link:  

http://portal.sliderocket.com/AEFAV/160428-Breath-Workshop-Owlstone-Medical 

 
Figure 3. The ReCIVA sampler design developed from discussions within the Breathe Free consortium 

  

http://portal.sliderocket.com/AEFAV/160428-Breath-Workshop-Owlstone-Medical
http://portal.sliderocket.com/AEFAV/160428-Breath-Workshop-Owlstone-Medical
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2.3 TOXI-triage breath sampling protocol 

The H2020 project will be taking 300 samples from volunteer participants with acute poisoning with 
organophosphorus, toxic alcohols. Further samples will explore the effect of radiation burns. Jens 
Langejuergen (Loughborough University) presented the quality assurance workflow that has been 
developed to manage the: 

• Sample preparation,  
• Storage and dispatch,  
• Sample collection  
• Analysis  

The adoption of statistical process control approaches across all aspects of the work-flow was de-
scribed with all components and processes monitored and tested. The data were monitored continu-
ously and excursions from control limits result in the removal of associated samples from the cam-
paign. Examples of the QC monitoring include: 

• Daily retention index evaluation for a 16 component test mix 
• Mass spectrometry parameters 
• Thermal desorption profiles from conditioned adsorbent tubes 
• Adsorbent tube history 
• Weight of adsorbent tubes  
• Breathing profile/frequency during sampling  
• Sampler acquisition signals during sampling 
• Reference samples from air supply, sampler masks and tubing 
• Storage and transport temperatures 
• Storage and transport times. 

Additional quality procedures were proposed that included dry purging of adsorbent tubes after 
sampling and gas injection of deuterated internal standards onto adsorbent sampling tubes after 
sampling.  
Finally the use of proficiency testing through the ingestion of a peppermint food oil supplement fol-
lowed by monitoring of washout and metabolism to test and benchmark the overall performance of 
a breath sampling and analysis work-flow was proposed. A copy of the slides may be found appended 
to this report. 
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Figure 4. Breath sampling quality assurance cycle 

breath sampling 
presentation Langejue 
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2.4 Clinical Applications 

Stephen Fowler (Manchester University) started by reflecting on the interest in breath analysis in the 
clinic and posed the question “Why aren’t we in the clinic yet?” followed by a list of issues to be re-
solved: 

• Hypothesis  
• Study design 
• Sample collection 
• Sample analysis 
• Data analysis 
• Validation 
• Clinical effectiveness 

These issues were examined with examples from past and present breath research projects and of 
special note was the importance a study hypotheses based on a high quality clinical question. The 
following attributes were highlighted: 

• Important 
• Relevant 
• Testable 
• Likely to be linked to metabolic change 

Clinical study design was also emphasised along with a clearly described path to follow-on studies 
and application methods. In this regard three questions were emphasised: 

• Will use of the breath-biomarker improve patient outcome? 
• Can it be cost effective? 
• Where would the assay fit into the clinical laboratory diagnostic workflow? 

A copy of the slides may be found appended to this report. 

 
Figure 5. Clinical studies must have a clearly described path to ultimate clinical adoption. 

Fowler Clinical 
Applications.pdf  

2.5 COTS adsorbents 

Hannah Calder (Markes International) took the meeting through the basics of adsorbent-based sam-
pling with thermal desorption before explaining in detail how to match the characteristics of a breath 
sample to a sampling adsorbent. 
Adsorbent attributes and properties were surveyed and reviewed concluding with adsorbent selec-
tion and mixed bed designs. Important factors to consider were listed as: 

• Adsorbent strength 
• Thermal stability 
• Inertness 
• Hydrophobicity 
• Artefact levels 

The question: “What are the most sensible sorbents for capturing breath?” was answered with two 
suggested adsorbent tube configurations. 
Tenax/Carbograph 5TD; Wide volatility range (50°C - 450°C); Hydrophobic; and, not inert 
Tenax/SulfiCarb; Very wide volatility range (-30°C - 450°C); Inert; and, very hydrophilic. 
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A copy of the slides may be found appended to this report. 

 
Figure 6. Recommendations for adsorbent selection for sampling breath 

Commercial sorbents 
for breath analysis_Bre   

  

3 Table-top exercises. 

After lunch and the poster session the table top exercises proceeded with six expert facilitators lead-
ing three groups each through discussions on:  

• Sample parameters 
• Environment  
• Storage, stability and transport. 

Each discussion lasted about 35 minutes and, with a range of expertise at each table, detailed and 
technical discussions reflected on areas of agreement and those of contention where more work was 
needed. The facilitators encouraged questions of clarification and explanation from all participants 
with the result that the informed debate provided rich insights, challenges and food-for-thought for 
all regardless of experience. Feedback received immediately after the meeting indicated that this 
format had been successful and appreciated by all who expressed an opinion. 

Following 95 min of discussion and a break for refreshments the facilitators presented their summary 
of the discussions they had led. Two areas of consensus emerged for further development: 

• The creation and adoption of an aqueous standard test mixture and methodology for calibra-
tion and testing breath sampling and analysis systems. Based on Henry’s law with a saturated 
water atmosphere the headspace of such a mixture would provide a range of low-
concentration VOCs within a representative matrix. 

• The development of a collaborative approach to enable breath sampling and analysis sys-
tems to be benchmarked and quantitatively compared. 

An on-line questionnaire was subsequently compiled and circulated to all participants. The organisers 
of the meeting undertook to follow up with invitations to participants in any subsequent experi-
mental programmes and exercises that were established to develop these two areas of agreement. 

What are the most sensible sorbents for capturing breath?

Two suggested tube configurations

• Tenax/Carbograph 5TD
 Wide volatility range (50°C - 450°C)
 Hydrophobic
– Not inert

• Tenax/SulfiCarb
 Very wide volatility range (-30°C - 450°C)
 Inert
– Very hydrophilic

Based on the information discussed
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The beauty of breath-based health status assessment

Non-invasive (accessible, can be provided by vulnerable groups)
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The beauty of breath-based health status assessment

Non-invasive (accessible, can be provided by vulnerable groups)

‘Clean’ (no bloody needles, no cups of messy urine)

Inexhaustible (practically)

Immediate analysis/diagnosis (with real-time detectors)
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Exhaled breath is rich in VOCs

>800 VOCs found in breath
J. Breath Res. 8 (2014) 014001
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The beauty of breath-based health status assessment

Non-invasive (accessible, can be provided by vulnerable groups)

‘Clean’ (no bloody needles, no cups of messy urine)

Inexhaustible (practically)

Immediate analysis/diagnosis (with real-time detectors)

> Standardise breath analysis for routine clinical diagnostics <
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Challenges in breath analysis

DIVERSITY

Disease?

Analytical technique?

Unspecified potential (common) biomarker?
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Many publications on breath sampling & storage
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Challenges in breath analysis – SAMPLING considerations

Matrix (gas-phase, EBC, particulates, aerosols)

Portion of breath (mixed expiratory vs. end-tidal)

Target compounds (lability, polarity, vapour pressure, partitioning)

Providing a sample (at rest vs. active, recumbent vs. upright) 

Controlled sampling (flow, pressure, CO2)

Intra- & inter-individual variability
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Large inter-subject variability (at-rest breathing patterns)
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Sampling frequency – real-time analysis

Compound release highly variable (pharmacokinetics of eucalyptol)
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Sampling frequency – real-time analysis

Full-width at half maximum (FWHM) of transient eucalyptol peak

≥50 % concentration underestimation at sampling interval >12 min 
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Challenges in breath analysis – SAMPLING considerations
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Herbig et al. 2008 J. Breath Res. 2, 037008

CO2

C5H8

C3H6O

Compound variability: properties/origin/hyperventilation
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Challenges in breath analysis – SAMPLING considerations

Matrix (gas-phase, EBC, particulates, aerosols)

Portion of breath (mixed expiratory vs. end-tidal)

Target compounds (lability, polarity, vapour pressure, partitioning)

Providing a sample (at rest vs. active, recumbent vs. upright) 

Controlled sampling (flow, pressure, CO2) 

Intra- & inter-individual variability

Mode of sampling (nasal vs. oral)

Type of sampling (purge&trap, gas-phase)

Frequency of sampling

Number of samples per subject

Normalisation to physiological parameters (CO2, abs. humidity, pressure)

Hyperventilation

Additional constituents (bacteria, proteins, inflammatory markers, pH)

Constraints (passive sampling vs. active breathing)

Satiety (duration of fasting, if any, required?)

Environmental confounders (inspired (ambient) air sampling, clean air)
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What about everything we breathe in?

The Human EXPOSOME
J. Breath Res. 5 (2011) 046005
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“…the exposome encompasses life-course environmental 
exposures (including lifestyle factors), from the prenatal 
period onwards.”

(Wild, Cancer Epidemiol Biomarkers Prev, 2005, 14, 1847-50)

“The cumulative measure of environmental influences and 
associated biological responses throughout the lifespan, 
including exposures from the environment, diet, 
behaviour, and endogenous processes”

(Miller & Jones, Toxicol Sci, 2014, 137(1), 1–2)

“the totality of environmental exposures from conception 
onwards… the combined exposures from all sources that 
reach the internal chemical environment.”

(Rappaport & Smyth, Science, 2010, 330, 460)

What is the EXPOSOME?

!! High level of complexity !!
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Importance of environmental confounders

A day in the life of a (bureaucracy-inflicted) scientist: 

Get up, wash, eat breakfast: ~1 h

Walk to work (5 min)

Work (w/ lunch indoors): 8-10 h (more on a bad day)

Walk home (5 min)

Vegetate: 3-4 h

Sleep: 8 h (desired), 6 h (realistic)

Total time spent outdoors: 10 min

(≈ <1 % of the day)
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Challenges in breath analysis – STORAGE considerations

Choice of sampling receptacle: adsorbent traps, polymer bags, canisters?

Suitability for storing target analytes

Compound losses, oxidation
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Polymer bags have an inherent permeability

Loss of stored volatiles OUT of bag

OUT

Challenges in breath analysis – STORAGE considerations
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Challenges in breath analysis – STORAGE considerations

Choice of sampling receptacle: adsorbent traps, polymer bags, canisters?

Suitability for storing target analytes

Compound losses, oxidation

Contamination of samples: artefacts
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Polymer bags have an inherent permeability

Contamination of environmental volatiles entering INTO the bag

Challenges in breath analysis – STORAGE considerations

IN



© Fraunhofer IVV 

Challenges in breath analysis – STORAGE considerations

Choice of sampling receptacle: adsorbent traps, polymer bags, canisters?

Suitability for storing target analytes

Compound losses, oxidation

Contamination of samples: artefacts

Storage conditions: temp, rel. humidity, environment

Storage duration: day 0 ≈ day 30 ≈ month 6 ≈ year 1… ?
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Challenges in breath analysis – ANALYSIS considerations

Sample handling prior to analysis (dehumidification, enrichment)

Transfer of sampler to analyser (direct sampling, injection)

Identification of confounders

Risk of ‘over-modelling’ (independent variables >> dependent variables)

Study goals (targeted vs. discovery)
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The current GOLD standard for breath volatiles analysis is GC-MS

Comprehensive

Unequivocal compound identification

Quantitative

Challenges in breath analysis – ANALYSIS considerations
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Challenges in breath analysis – ANALYSIS considerations

Large suite of suitable analytical tools:

(TD)-GC-MS / 2D-GC-MS

APCI-MS / SIFT-MS / PTR-MS

IMS / FAIMS / GC-IMS

Electrochemical sensors

Spectroscopy

NMR 

…
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Establishing a framework for achieving standardised practices

Insurmountable challenges? (Concluding remarks)
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Diversity in SAMPLING, STORAGE and ANALYSIS presents a major challenge

Achieving common goals require consensus on procedures in

SAMPLING: 

controlled, accumulated, specific portion of breath

STORAGE:

temperature, environment, max. duration (per type)

ANALYSIS:

reproducible, cross-validated detection by characterised instrument

>> All of this by the end of today, please <<

Insurmountable challenges? (Concluding remarks)
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jonathan.beauchamp@ivv.fraunhofer.de

Further reading:
J. Breath Res. 5 (2011) 037103
J. Breath Res. 7 (2013) 042001
J. Breath Res. 8 (2014) 037101
J. Breath Res. 9 (2015) 047107



A workshop/master class on archival breath sampling    Thursday 28th April 2016. A workshop/master class on archival breath sampling   Thursday 28th April 2016. 

Breath Analysis: Clinical Applications 

Stephen J Fowler 
 
Senior Lecturer / Honorary Consultant in 
Respiratory Medicine 
Centre for Respiratory Medicine and Allergy 
 
 
 
 
stephen.fowler@manchester.ac.uk 
 



A workshop/master class on archival breath sampling    Thursday 28th April 2016. 

  Breath Analysis – Clinical Applications  Stephen J Fowler 



A workshop/master class on archival breath sampling    Thursday 28th April 2016. 

  Breath Analysis – Clinical Applications  Stephen J Fowler 



A workshop/master class on archival breath sampling    Thursday 28th April 2016. 

  Breath Analysis – Clinical Applications  Stephen J Fowler 



A workshop/master class on archival breath sampling    Thursday 28th April 2016. 

  Breath Analysis – Clinical Applications  Stephen J Fowler 



A workshop/master class on archival breath sampling    Thursday 28th April 2016. 

  Breath Analysis – Clinical Applications  Stephen J Fowler 

Why aren’t we in the clinic yet? 
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 Hypothesis  
 Study design 
 Sample collection 
 Sample analysis 
 Data analysis 
 
 Validation 
 Clinical effectiveness 
 



A workshop/master class on archival breath sampling    Thursday 28th April 2016. 

  Breath Analysis – Clinical Applications  Stephen J Fowler 

Why aren’t we in the clinic yet? 

Issues: 
 Hypothesis  
 Study design 
  - Sample collection 
  - Sample analysis 
 Data analysis 
 
 Validation 
 Clinical effectiveness 
 



A workshop/master class on archival breath sampling    Thursday 28th April 2016. 

  Breath Analysis – Clinical Applications  Stephen J Fowler 

Why aren’t we in the clinic yet? 

Issues: 
 Hypothesis  
 Study design 
  - Sample collection 
  - Sample analysis 
 Data analysis 
 
 Validation 
 Clinical effectiveness 
 



A workshop/master class on archival breath sampling    Thursday 28th April 2016. 

  Breath Analysis – Clinical Applications  Stephen J Fowler 

Why aren’t we in the clinic yet? 

Issues: 
 Hypothesis  
 Study design 
  - Sample collection 
  - Sample analysis 
 Data analysis 
 
 Validation 
 Clinical effectiveness 
 



A workshop/master class on archival breath sampling    Thursday 28th April 2016. 

  Breath Analysis – Clinical Applications  Stephen J Fowler 

Defining the hypothesis 

• Clinical questions are endless 
 

• Clinical question: 
– Important 
– Relevant 
– Testable 
– Likely to be linked to metabolic change 

 
• -> proof of concept  

– But the CONCEPT has to be worthwhile prooving 
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Clinical study design 

• Study planning 
• Control group? 
• Look to the future 

– Follow on studies 
– How will the test be used? 

 
 

http://www.molecularmedicineireland.ie/page/g/s/91 

http://www.molecularmedicineireland.ie/page/g/s/91
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Example 
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Defining the hypothesis: COPD 

• What do we need a biomarker for in COPD? 
 
 

• Diagnosis??? 
– Important? 
– Relevant? 
– Testable? 
– Likely to be linked to metabolic change? 
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Diagnostic breath biomarkers for COPD 

PC Loading Compound ID 

1 .987 Undecanal 

.949 Hexanal 

.901 Dodecanal 

.874 Decanal 

.867 Nonanal 

.764 Pentadecanal 

.741 Oxirane, dodecyl 

.740 Cyclohexanol 

4 -.829 Butanoic acid 

-.710 Pentanoic acid 

-.498 Furan,2-pentyl  
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• Disease: 
 
– Diagnosis 
– Characterisation 
– Prognosis 

 

 

• Drugs: 
 

– Selection 
– Monitoring / titration 

• Efficacy 
• Safety 

 

Biomarkers:  
Not just for diagnosis 

Blunderbuss 
medicine 

Personalised 
medicine Stratified medicine 
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Biomarker discovery: questions 

• What is the clinical question? 
 

 
The future: 
• Will use of the biomarker improve patient outcome? 
• Can it be cost effective? 
• Where would the assay fit into the clinical laboratory 

diagnostic workflow? 
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Example: Biomarkers for airways 
inflammation in asthma 
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Inflammation-associated VOCs 

Philips J Lab Clin Chem 2000 
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Philips J Lab Clin Chem 2000 

Inflammation-associated VOCs 
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2-butanone
C4H8O

2,5-Cyclohexadiene-
1,4-dione, 2,6-bis
(1,1-dimethylethyl)-
C14H20O2

Benzoic ac, 
4-nitroso ethylester

C9H9NO3

3,4-dihydroxybenzonitrile 
C7H5NO2

Benzyl alcohol 
C7H8O

Dodecane, 
2,6,10-trimethyl-
C15H32

Dodecane, 
2,6,11-trimethyl-
C15H32

PC4
Decane, 
2-methyl-
C11H24

Butanoicacid, 
2,2-dimethyl-3-oxo-, 
ethyl ester
C8H14O3

Cyclohexene, 
1-methyl-4-(1-
methylethylidene)-
C10H16 

PC6

Cyclohexanol, 
2-butyl-
C10H20O

5,5-Dibutylnonane 
C17H36

benzene,
4-ethenyl,1-,2-dimethyl
C10H12

PC10

Pentadecanal
C15H30O2 

PC12

Allylmethyl sulphide
C4H8S
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Compound ID 
Correlation vs % sputum 

eosinophils 

Camphene C10H16 -0.47 

1,1-Dimethylpropyl 2-ethylhexanoate C13H26O2 -0.40 

Dodecane, 2,6,10-trimethyl C15H32 -0.33 

 (7a-Isopropenyl-4,5-dimethyloctahydroinden-4-yl) methanol 
C15H26O 

-0.58 

Cyclohexanone C6H10O -0.46 

Bicyclo[4.1.0]hept-2-ene, 3, 7, 7-trimethyl C10H16 -0.60 

Cyclohexene-4-methylene C10H16 -0.52 

Overall model 0.71 

Asthma sputum eosinophilia: provisional 
compound ID 
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Dallinga  
(Clin Exp All 2009) 
 
 
Dragonieri  
(J Allergy Clin Immunol 2007)  
 
 
Phillips  
(J Lab Clin Med 2000) 

raised levels of alkanes / methylated 
alkanes in asthmatic children 
 
 
2, 6, 11 trimethyl dodecane amongst the 
predominant exhaled VOCs in asthma  
 
 
methylated alkanes as markers of 
oxidative stress 

VOCs in Asthma – mounting evidence 

i.e. reproduction of results in different cohorts, using different 
breath collection and analytical methodologies 
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Follow on studies 
 
-> POC  

-> Validation  
 -> Clinical Effectiveness 

 

 
 

• Sampling and Analytic 
refinements: 
– How will the test be used? 
– Location / patients 

• Acute 
• Outpatient 
• ICU / ventilator studies 

 

 
 

Looking to the future 

http://www.molecularmedicineireland.ie/page/g/s/91 

http://www.molecularmedicineireland.ie/page/g/s/91
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TOXI-TRIAGE 
BREATH SAMPLING PROTOCOL 
 
 
 
 

Jens Langejürgen 

Centre for Analytical Science (CAS), Chemistry 



TOXI-triage 

www.toxi-triage.eu 

Breath Analysis 



TOXI-triage 

Breath Analysis 

• The University of Edinburgh (UK) 
• Oslo University Hospital (NOR) 
• University of Peradeniya (LK) 

 

 



TOXI-triage 
• Breath samples from 300 

participants 
 

• TD-GC-MS 
• GC-IMS 

 

• Acute poisoning with 
• Organophosphorus 

pesticides  
• Methanol, ethylene glycol, 

diethylene glycol, … 
 

• Burns from radiation 
• Radiotherapy as part of 

cancer treatment 

 



Workflow 

Quality 
Assurance  



QC1: instrument dashboard 
• Daily checks 
• Planned 

maintenance 
• No analysis run 

on  instrument 
 

 



Tube conditioning and QC 
• Thermal desorption tubes 

• TenaxTA 35/60 Carbograph 1 TD 
40/60 

• Brass caps with PTFE ferrule 
 

• COTS conditioner  
• 20 tubes (335 °C / 50 min / N2) 

 

• QC 
• Tube weight 
• Tube history (desorption cycles) 
• Tube blanks 
• Check caps 

 



Storage and dispatch to clinic 
• Tubes are stored in labelled 

„airtight“ container  
 (use before DD/MM/YY) 

 
• Transfer and store at 

ambient temperature for 
less than 4 weeks. 
 

• Also dispatch 
• Conditioned gloves 
• Conditioned tubing 
• Single-use masks 

 



Sample collection I 
• Air supply 

• > 35 L/min 
• Hydrocarbon trap and particle 

filter 
• Silicone tubing (conditioned) 

 

Filter 

 



Sample collection II 
• ReCIVA breath sampler 

• Face mask 
• 4 tubes per run 
• Flow: 200 ml/min per tube 
• Volume: 1000 ml  (< 10 min) 
• trigger: „upper and lower 

airways“ 
 

• „normal“ breathing through 
nose  
 

• Evaluation of breathing 
pattern possible 
 

 



Sample collection III 
• Reference sample 

• Set sampler to „always on“ 
• Collect with similar 

parameters 
• Only 1 reference sample 

evaluated 
 

• VOCs from 
• Air supply 
• Mask and tubing  
• Transport and storage 

 

• Environment sample 
 

 

© CAS 2016 

 



Storage and dispatch to LU 
• Plan A 

• Immediately cap used tubes 
and store in fridge (4 °C) 

• Dispatch in cool box. 
• Store for no longer than 2 

weeks in fridge before 
analysis 
 

•  Plan B 
• Store in -80°C freezer 
• Retighten caps after 30 min 
• Dispatch in dry ice 
• Analyse within 6 weeks 

 

 
 

 



The extra mile - dry purging and standards 
• Dry purging   

• Dry Nitrogen 
• Flow: 50 ml/min – 2 min 

 

• Internal standards 
• Injection while dry purging 

via 6-port valve 
• 1 - 5 ng 
• Permeation source 

• Toluene-D8 
• n-Octane-D6 
• Chloroform-D 
• (n-Hexane-D6) 

 

 



Sample Analysis1 

• Cold trap: Tenax TA/ Carbograph 1TD 
• Column: Rtx-5MS, 60m; 0.25mm ID; 0.25um, 
• Temperature: 40°C to 310°C 
• MS: single Quad with EI 

 
• Use internal standards and siloxanes as 

secondary RI 
 
 

• Deconvolution 
 

• Building a  
• database   

 

1C Guallar-Hoyas, MA Turner, GJ Blackburn, ID Wilson, and CLP Thomas, A workflow for the metabolomic/metabonomic investigation of exhaled breath using 
thermal desorption GC–MS, Bioanalysis, 2012 ,Vol. 4, No. 18 , 2227-2237 

 



• Ingestion of food supplement 
(peppermint oil) 

• Washout over time (2 h) 
• Cross validate multiple platform 
• Test overall performance of the 

whole workflow 
 
 
 

Proficiency testing 
 



For discussion 
• Mouth vs nose 
• Mask vs mouthpiece 
• Optimal sorbent bed(s) 
• Volume 
• Dry purging 
• Storage conditions 
• What portion of breath 

and how triggered ? 
 

• Data processing 
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Thank you! 
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J.Langejuergen@lboro.ac.uk 
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Commercial sorbents for 
breath analysis 
Hannah Calder  
Markes International 
Thermal desorption application specialist 



Markes International 

Wales Ohio and California Germany 

• Manufacturer of instrumentation and sampling 
units for detection of trace-level volatile and 
semi-volatile organic compounds (VOCs and 
SVOCs).  
 

• Our comprehensive portfolio of thermal 
desorption products also includes numerous 
sampling accessories, and the widest range of 
consumables on the market. 
 

• Great reputation for its application expertise in 
the field of thermal desorption 
 



Main points 

• Basics of sorbent tube sampling and thermal desorption 
 

• What we need to consider when selecting sorbents 
 

• What sorbents are commercially available 
 

• How breath as a sample will affect sorbent choices 

 



Sampling and analysis process with sorbent tubes 
Step 1: Sample collection 

 Compounds of 
interest are adsorbed 
on the sorbent 
surface 

 Sample (e.g. air) 
is collected 

 Lighter gases such 
as nitrogen, argon 
and carbon dioxide 
pass through 



Step 2: Sample desorption 

 Compounds are 
released from the 
sorbent into the flow 
of carrier gas 

 Tube heated in a 
reversed flow of clean 
carrier gas 
(‘backflushed’) 

PROBLEM: 
Compounds are released 

SLOWLY from the sorbent tube 
Would lead to very wide 

chromatographic peaks and low 
sensitivity 

Sampling and analysis process with sorbent tubes 



Two-stage thermal desorption 
SOLUTION: Focus the compounds in two stages 

************ 
************ 

 Transfer compounds from tube to narrow-bore focusing trap (‘cold trap’) 

 GC 

 Rapidly transfer compounds from focusing trap to GC 

Cold trap heated rapidly 
(100°C/s) for sharp 

chromatographic peaks 

Cold trap backflushed 
for greater volatility 

range 
 
 



What sorbents are available? 

• Four main types of sorbents are sold commercially: 
 

– Quartz based 
 

– Porous polymers  
 

– Graphitised carbons 
 

– Molecular sieves 
 

• But there are several factors we need to consider before we start 
looking at sorbents.  
 

 



Breath as a sample 

• The sample is very humid 
 

• Generally only small volumes can be taken 
 

• Looking for unknowns 
– Compounds could be reactive 

 
• Compounds of interest could be at very low levels. 

 
 
 

 



What do we need to consider when choosing a  
sorbent?  

• Sorbents have a number of characteristics that must be taken into 
account when selecting the best choice for the compound(s) of interest: 

 
– Strength 

 
– Thermal stability 

 
– Inertness 

 
– Hydrophobicity 

 
– Artefact levels 

 
 
 

 



First point of call when assessing sorbents. 
 
When we talk about strength of the sorbent generally we express this as its 
ability to retain compounds of a certain boiling point, generally with reference to 
a carbon chain length. 
  

– Weak sorbents – can retain VOCs and SVOCs with boiling points of 
100°C and higher.  

 

– Medium sorbents – can retain VOCs with boiling points of 50°C to 
~200°C 

 

– Strong sorbents – can retain VVOCs with boiling points as low as -60°C 

 
 
 

Sorbent selection 
Strength 
 



What if you are looking for unknowns? 
 
Answer: Use multiple sorbent beds within the tube to collect the widest range possible 

Weak Medium Strong 

SVOCs              VOCs               VVOCs 

Sample in Desorb flow 

Sorbent selection 
Strength 
 

If you don’t specify your sorbents correctly then you risk break through of the compounds 



How does this impact our sorbent selection? 

– If compounds which are heavier than ideal get onto the 
more thermally stable sorbent they may be difficult to 
remove at lower temperatures. 

 

• When might this happen? 

– Not a common issue but should be taken into account 
when taking large volume samples 

 
 
 

Sorbent selection 
Thermal stability 
 
Certain sorbent groups have much lower maximum temperature 
than others when being desorbed.  

 

When we use multi-bed sorbent tubes sorbents with different 
maximum desorption temperatures are often mixed.  



Sorbent Selection 

• Some sorbents are completely inert. 

 

• Other sorbents are not inert as they are manufactured from natural sources. 

 

• Inert sorbents are suitable for analysis of thermally labile/reactive compounds such 
as; mercaptans and other sulphur containing species, phosphorous pesticides, 
monoterpenes, etc.  

 

 

 

Inertness 
 



There is a sliding scale when it comes to hydrophobicity of sorbents. 
 
As a rule of thumb the stronger the sorbent is the more water it will collect. 
 
 
 

 
 

 
 

 

Sorbent selection 
Hydrophobicity 
 

Water 
retention 



Sorbent selection 

Artefact levels differ from sorbent to sorbent and can appear differently from 
tube to tube. 
 
 
• Carbonised molecular sieves (Sulficarb, Carboxen, Carbosieve) and 

graphitised carbon blacks (Carbograph) exhibit minimal artefact levels  if 
rigorously conditioned. 
 

• Tenax TA  exhibits low artefact levels (including benzene and siloxanes) 
when new and freshly conditioned, but these rise as the sorbent ages. For 
instance, Tenax cannot be used for low level (sub ng) benzene and 
siloxane analyses. 
 

Artefact levels 
 



What do we need to consider for breath? 

• Strength 
– The majority of breath research is looking for unknowns. 
– Need as wide a range as possible 

 
• Thermal stability  

– Not expecting breakthrough between the sorbents 
 

• Inertness 
– Needs to definitely be a consideration where sulphurs are thought to 

be a factor 
 

• Hydrophobicity 
– Breath is very humid so hydrophobic sorbents would be 

recommended. 
– Can be countered: smaller sample sizes + more sensitive detectors 

 
• Artefacts 

 
 

 

 



What sorbents are available? 

• Four main types of sorbents are sold commercially: 
 

– Quartz based 
 

– Porous polymers  
 

– Graphitised carbons 
 

– Molecular sieves 
 

 

 



Porous polymer sorbents 

• Features: 
– Hydrophobic – ideal for use in humid conditions 
– Most are inert – ideal for analysis of labile and reactive compounds 

 
• Factors to consider: 

– Can exhibit higher artefact levels than other sorbents 
– Maximum desorption/conditioning temperatures are lower than other 

sorbent types – typically max of 320 °C 
 

• Examples: 
– Tenax TA: Volatility range C7 – C30 
– PoraPak Q and PoraPak N 
– HayeSep D: Volatility range C5 – C12 

 

 



Graphitised carbon black sorbents 

• Features: 
– Minimal artefact levels, suitable for trace level analysis 
– Fairly hydrophobic, suitable for humid conditions 
– Generally non porous, but some exhibit micro-porosity allowing them to 

trap some ultra-volatile compounds 
 

• Factors to consider: 
– Can contain trace levels of metals meaning they are not 100% inert  
– They are friable, meaning they are susceptible to the formation of fines 

upon mechanical shock 
 

• Examples: 
– Carbograph 1TD: Volatility range C5/6 – C14 
– Carbograph 2TD: Volatility range C8 – C20 
– Carbograph 4TD: Volatility range C4/5 – C12 
– Carbograph 5TD: Volatility range C3/4 – C8 

 

 



Carbonised molecular sieve sorbents 
• Features: 

– Strongest sorbents for the most volatile compounds 
– Minimal artefact levels, suitable for trace level analysis 

 
• Factors to consider: 

– Not very hydrophobic 
– Can become contaminated with higher boiling compounds – may not 

release these compounds when heated 
– Requires a more extensive purge to remove oxygen before analysis 

 
• Examples: 

– Carboxen 569: Volatility range C3 – C8 
– Carboxen 1000: Volatility range C2 – C5 
– Carboxen 1003: Volatility range C2 – C5 
– Carbosieve SIII: Volatility range C2 – C5 
– Sulficarb: Volatility range C3 – C8 

 

 



What do we need to consider for breath? 

• Strength 
– The majority of breath research is looking for unknowns. 
– Need as wide a range as possible 

 
• Thermal stability  

– Not expecting breakthrough between the sorbents 
 

• Inertness 
– Needs to definitely be a consideration where sulphurs are thought to 

be a factor 
 

• Hydrophobicity 
– Breath is very humid so hydrophobic sorbents would be 

recommended. 
 

• Artefacts 
 
 

 

 



What are the most sensible sorbents for capturing breath? 

Two suggested tube configurations 
 
• Tenax/Carbograph 5TD 

 Wide volatility range (50°C - 450°C) 
 Hydrophobic 
– Not inert 

 
 

• Tenax/SulfiCarb 
 Very wide volatility range (-30°C - 450°C) 
 Inert 
– Very hydrophilic 

 
 
 

Based on the information discussed 



Questions 

Hannah Calder  
 
Thermal desorption application specialist 
 
hcalder@markes.com 
 
 
 

mailto:hcalder@markes.com
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