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Abstract. Technique of exhaled breath sampling is discussed. The procedure of wavelength auto-calibration is proposed 
and tested. Comparison of the experimental data with the model absorption spectra of 5% CO2 is conducted. The 
classification results of three study groups obtained by using support vector machine and principal component analysis 
methods are presented. 

INTRODUCTION

The study of qualitative and quantitative composition of the exhaled breath samples (EBS) is an urgent task for 
design of non-invasive express diagnostics tools of a diseases [1–6]. This field is often referred to as exhaled 
metabolomics or “breathomics”. Laser absorption spectroscopy (LAS) methods are very attractive among the 
suitable for practical medicine technical approaches for routine measurements [3]. The ability of LAS equipment 
depends on tuning range of used laser source. It should be take into account that absorption vibration bands of a 
large number of volatile biomarkers of various diseases are in the IR region approximately between 2 and 10 μm [5]. 
So the realization of the potential of LAS in breathomics is associated with the creation of the laser radiation sources 
with ultra-wide tuning range. 

We use the laser optical-acoustic gas analyzer “LaserBreeze”, developed by “Special Technologies” (Novosi-
birsk, Russia), which combines the method of optical-acoustic detection (OAD) of gas components and laser source, 
created on the basis of combination of two optical parametric oscillators (OPO) [7–9]. The threshold sensitivity of 
the registered volatile gaseous components concentration is up to 1 ppb, the necessary amount of EBS is about 50 ml. 
Usage of two OPO, working on different nonlinear crystals, provides wide tuning range of laser radiation from 2.5 
to 10.5 μm. 

Only OPO provides a wide wavelength range tuning of laser radiation at relatively low cost. This offers great 
opportunities for breathomics. However, to realize these opportunities, methodological aspects of similar equipment 
using should be considered.

TECHNIQUE OF EXHALED BREATH SAMPLING 

Since the OAD cell has a sufficiently small volume, we used a plastic container (disposable syringe of 160 ml—
below sampler) with an airtight plastic cap for the sampling and transportation of EBS. The following conditions of 
sampling were established to reduce the influence of external factors: 

– sampling was carried out in the morning (07.30–09.30) before meals; 
– for smokers sampling was 40 min after smoking; 
– multiple oral water rinsing should be executed before sampling. 
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FIGURE 1. The absorption spectra of EBS at 60 (a), 120 (b), 180 (c) and 240 min (d) after sampling 
 
Sampling proceduree was as follows: the participant made a calm exhalation, the initial portion of the air volume 

of 100–250 ml (so-called “dead volume”) in the surrounding area and rest part of exhalation blew in sampler. The 
container that supports the room temperature was used for transportation of samplers with EBS.

To evaluate the restriction of EBS time transportation, absorption spectra profiles of the same EBS were 
measured at 60 (Fig. 1a), 120 (Fig. 1b), 180 (Fig. 1c) and 240 min (Fig. 1d) after sampling. 

As can be seen from the plots, the values of the absorption coefficients in the spectral region near 4000 nm 
significantly increased in comparison with the initial profile of absorption spectrum after 180 min (Fig. 1c). So, the 
“degradation” of the sample was irrelevant during 2 hours after sampling, which ensures the accuracy of the 
measurements of EBS absorption spectra. 

WAVELENGTH AUTO-CALIBRATION 

The laser source based on the OPO does not have the internal rapper of wavelength, as in the case, for example, 
of laser sources with discrete set of generation lines (e.g., gaseous laser). In the “LaserBreeze”, for these purposes 
hermetically soldered reference cell, which is filled with a gas mixture of known composition, is used.  

This cell can be used to evaluate stability and reliability of the EBS absorption spectra measurements. Figure 2 
shows the absorption spectra of the reference cell’s content, recorded at different times, and the template spectrum. 
All these spectra are identical, which indicates the reliability of the results. 

Figure 3 shows a part of the two EBS absorption spectra. As can be seen, a wavelength shift appears in some 
areas of the spectra. The correction of the experimental spectra of the wavelength was implemented using the 
following algorithm. Let there be experimentally obtained by “LaserBreeze” absorption spectra f ( ). Let us define 
the range of wavelengths { } from min  to max with step h. Let us associate absorption spectra in the range { } 
with the spectra f ( ) by the following rule: 

 
1

c
1( ) ( ).

i j i

i jf f
n

 (1) 

Here, n is the quantity of absorption coefficients within the interval 1[ , ].i i  
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FIGURE 2. The absorption spectra of reference cell’s content, 
recorded in different times (1, 2) and theoretical profile of the 

spectrum (3) 

FIGURE 3. Part of EBS absorption spectrum of the same 
sample in primary and repeated measurements 

 
The result is a set of spectra c{ }f  in the same wavelength range { }, each element of which corresponds to the 

experimental absorption spectra. Figure 4 shows the EBS absorption spectra undergone correction procedure. 

COMPARISON OF THE EXPERIMENTAL DATA  
WITH THE SIMULATED SPECTRA 

The mixture of 5% CO2, dissolved in N2 (production of “PGS”, Zarechny, Russia), has been selected as the 
calibration gas mixture. The comparison of the results with the calculated spectra using database HITRAN are 
shown in Fig. 5. One can see that measured absorption spectra were very close to calculated spectra. 

CLASSIFICATION 

To estimate ability of classification we used below the data set, consisting of 109 absorption spectra of EBS from 
lung cancer patients (N = 16), patients with pneumonia (N = 16), patients with chronical obstructive pulmonary 
disease (COPD) (N = 40) and healthy volunteers (N = 37) measured by “LaserBreeze”. 

 

  
FIGURE 4. Part of EBS absorption spectrum of the same 

sample in primary and repeated measurements  
after averaging procedure 

FIGURE 5. The experimental absorption spectra of 5% CO2 
in comparison with the calculated model absorption spectra of 

5% CO2 from HITRAN database 
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TABLE 1. Application of SVM with the respective kernels for the group of patients with pneumonia and join group of 
patients with lung cancer, COPD and healthy volunteers.  

Sensitivity Specificity Classification variants SVM kernel 

Mean Dispersion Mean Dispersion 
Pneumonia (6/10) – COPD (6/34) MLP 0.9834 0.0004 0.7920 0.0006 
Pneumonia (6/10) – Lung cancer 
(6/10) 

Gaussian Radial Basis 
Function 0.9789 0.0020 0.7041 0.0097 

Pneumonia (6/10) – Healthy (6/31) MLP 0.9333 0.0444 0.7950 0.0005 
 
The two-stage analysis was applied. At the first stage, the initial feature space was transformed into the space of 

principal components using the method of principal component analysis (PCA) [10, 11]. At the second stage, the set 
of the experimental EBS spectra for four groups was classified using the support vector machine method (SVM). 
According to SVM approach we used random division of experimental data repeated over 50 times on training and 
testing sets. The training set was varied from three to ten spectra from each subgroup. The results of classification 
were transformed in terms of the specificity and sensitivity [12]. The mean and variance of these parameters is 
presented in the Table 1. The designations in brackets for the corresponding nosology denotes the number of 
elements in the training set / number of elements in testing set. 

The calculations were performed for the following kernels: Linear, Quadratic, Polynomial up to 15 degree, 
Gaussian RadialBasis Function (kernel parameter changed from 0.001 to 20), Multilayer Perceptron (MLP) kernel 
[13, 14]. 

It is shown that wide-band IR absorption spectra of EBS in combination with SVM classification to the 
experimental data presented in the principal components space allow one to identify the representatives of target 
group (pneumonia) with high sensitivity, specificity and small variance. 

CONCLUSIONS 

LAS methods are very attractive for qualitative and quantitative analysis of the exhaled breath samples. The 
ability of LAS technique depends on tuning range of used laser source. The usage of optical parametric oscillators 
which provide wide ultra-wide tuning range are very promising, but there is a specificity to use the similar laser 
sources. The procedure of wavelength auto-calibration is shown to improve greatly the stability of wavelength 
binding. Comparison of the experimental data with the model absorption spectra of 5% CO2 showed high agreement. 
The classification for four groups using SVM and PCA analysis methods has provided rather high sensitivity and 
specificity and small variance. 
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