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5 SENSES

• All our knowledge begins with the senses.          Emmanuel Kant (1724~1804)



BREATH ANALYSIS

• Gas analysis

• Spectrometric analyses (ex. GC-MS)

• Gas sensor (ex. FeNO, electronic nose)

• Liquid analysis

• Exhaled breath condensate (EBC)



SPECTROMETRIC ANAYLSIS

Pre-concentration

TD GC MS



SOURCES OF VOC IN HUMAN BREATH

• Environment

• Respiratory system

• Systemic circulation
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WHAT’S IN MY BREATH?

% O2, N2, H2O, CO2

ppm (CH3)2CO, CO, CH4, H2, C2H5OH, 

C6H10S

ppb HCHO, CH3CHO, C5H10, C5H12

C2H6, C2H4, NO, CS2, Hydrocarbons

CH3OH, C2H5OH, COS, CH3SH 

NH3, CH3NH2,  (CH3)2S 



FACTORS AFFECTING EXHALED VOCS

• Environment

• Ambient VOCs, temp, humidity, season

• Subject

• Demographics, nutrition, smoking, medication, circadian rhythm, non-pulmonary 

diseases, breathing pattern

• Analysis

• Storage, pre-concentration, collection (mixed air or alveolar air), collection method



KEY FACTORS IN BREATH COLLECTION

•Air sampling

•Collection device

•Collection method

•Environmental influences

•Storage

Chest 2015;247:224





J Breath Res 2012





ELECTRONIC NOSE
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Average accuracy: 86%
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GC E-Nose

Pro Detection of specific VOCs

No device training necessary

Standardized technique

Required for pathophysiological 

research

Cheap

Portable

Fast

Possibility of direct measurement

Able to detect VOCs in low 

concentration

Suitable for clinical application based 

on probabilistic evidence

Con Expensive

Requires a lab and skilled 

personnel

Takes more time

Trapping on sorbent tube 

necessary

Difficulties detecting VOCs in low 

concentrations

No detection of disease-specific 

VOCs

Device training necessary

Standardization needed

Breathprints between different eNose

types not comparable



EBC



EBC MEASUREMENTS

• pH

• H2O2

• LTs

• 8-isoprostane

• PGE2

• ILs

• TNFa

• TGFb

• RANTES

• CRP



FeNO

LCMS

ELISA

eNOSE

GCMS
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FDA APPROVED BREATH TESTS

• Breath hydrogen test for carbohydrate metabolism

• Breath nitric oxide test to monitor therapy for asthma

• Breath carbon monoxide test for neonate jaundice

• Breath test for diagnosis of H. pylori

• Breath test for heart transplant rejection

• Breath ethanol for intoxication (law enforcement)
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Res eaRc h  aRt ic l e

In the UK, 5.4 million people have asthma of 
which 1.1 million of these are children. Asthma 
UK reports that the UK has among the highest 
prevalence of asthma symptoms in children in 
the world. The cost of this condition in the UK 
is ~£1 billion per annum with over 1 million 
working days lost to the condition, and over 
1100 deaths per annum. Guidelines for the 
treatment of children and young people with 
asthma stratify pharmacological interventions 
according to assessments of disease severity. 
Current tools for assessing asthma severity are 
acknowledged to be blunt and largely subjec-
tive [1]. Robust, non-invasive characterization of 
biomarkers of asthma could provide additional, 
objective, measures of disease control, activity 
and/or asthma phenotype. Furthermore, such 
measurements could be used to improve patient 
care and outcomes. The identification of bio-
markers that indicate asthma at a presymptom-
atic stage would create the potential to mitigate 
the development of the disease, with prevention 
being the ultimate aim.

The development of methods for the charac-
terization of human breath, and the concomitant 
studies into markers in breath, is a rapidly devel-
oping research area. One useful text book is an 
excellent introduction to the range of approaches 

currently under consideration and encompasses: 
selected ion flow tube MS; IMR–MS; proton-
transfer TOF-MS; ion mobility spectrometry; 
laser-based methods, and sensors and sensor 
array approaches [2]. This study with asthmatic 
children is based on GC–MS approaches [3,4].

Human breath contains volatile organic 

compounds (VOCs) [5] that have been either 
inhaled from the environment, absorbed via the 
alimentary tract, or produced by the lungs and 
other organs as intermediates or waste products 
of metabolic/catabolic pathways. Exhaled breath 
from healthy subjects has been found to contain 
over 3000 different VOCs [6]. Some have been 
linked with respiratory diseases including cystic 
fibrosis [7,8] and chronic obstructive pulmonary 
disease (COPD) [9]. Recent studies of adults and 
children with asthma suggest that VOC profiles 
in exhaled breath could be putative markers of 
asthma [10–13]. All these studies used slightly 
different breath collection systems. Moreover, 
the only study of children with asthma did not 
attempt to exclude potential contamination of 
breath profiles from the environment during the 
breath collection procedure [11]. The potential 
of this latter method to confound VOC pro-
file ana lysis is significant and requires post hoc 
in terrogation of the analytical data.

Metabolomics pilot study to identify volatile 

organic compound markers of childhood 

asthma in exhaled breath

Background: In-community non-invasive identification of asthma-specific volatile organic compounds (VOCs) in 

exhaled breath presents opportunities to characterize phenotypes, and monitor disease state and therapies. The 

feasibility of breath sampling with children and the preliminary identification of childhood asthma markers were 

studied. Method: End-tidal exhaled breath was sampled (2.5 dm3) from 11 children with asthma and 12 healthy 

children with an adaptive breath sampler. VOCs were collected onto a Tenax®/Carbotrap hydrophobic adsorbent 

trap, and analyzed by GC–MS. Classification was by retention-index and mass spectra in a ‘breath matrix’ followed 

by multivariate analysis. Results: A panel of eight candidate markers (1-(methylsulfanyl)propane, ethylbenzene, 

1,4-dichlorobenzene, 4-isopropenyl-1-methylcyclohexene, 2-octenal, octadecyne, 1-isopropyl-3-methylbenzene 

and 1,7-dimethylnaphtalene) were found to differentiate between the asthmatic and healthy children in the test 

cohort with complete separation by 2D principal components analysis (2D PCA). Furthermore, the breath sampling 

protocol was found to be acceptable to children and young people. Conclusion: This method was found to be 

acceptable for children, and healthy and asthmatic individuals were distinguished on the basis of eight VOCs at 

elevated levels in the breath of asthmatic children.
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VOCS RELATED WITH COPD

• ORGANIC ACIDS

• ACETIC ACID, BUTANOIC ACID, PENTANOIC ACID

• ALCOHOLS

• 2-PROPANOL, CYCLOHEXANOL, PHENOL, TERPINEOL

• ALDEHYDES

• BENZALDEHYDE, DODECANAL, HEXANAL, NONANAL, PENTADECANAL, UNDECANAL

• HYDROCARBONS

• BUTYLBENZENE, PENTENE, DECANE, HEPTANE, OCTATRIENE, BENZENE, BUTANE, DECANE, HEXADECANE, 

LIMONENE, NONADECANE, OCTADECANE, TOLUENE, UNDECANE

• OTHERS

• PENTYLFURAN, BENZOFURAN, BENZONITRILE, INDOLE, SULPHUR DIOXIDE

J Breath Res 2016:10;034002
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SERUM EBC
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AFTER 12 MONTHS OF ANTI-FIBROTIC THERAPY
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Journal of Thoracic Oncology 2018:14;343

BIOMARKERS OF LUNG CANCER





• 120 lung cancer patients

• 33 healthy controls

• 23 COPD patients

• Separation of lung cancer and healthy controls

• AUC 0.92

• Sensitivity 0.84

• Specificity 0.97

• Recognized 11/24 COPD patients as being lung cancer (+)

J Breath Res. 2020;14:046004



SUMMARY

• There are many potential breath biomarkers that are useful in 

diagnosing and assessing respiratory diseases.

• Spectrometric analyses/sensor-based analyses (eNose)/EBC

• Standardization of collection, processing and analysis is required


