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Spectroscopic study of breath ethylene via the mouth and nose
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Abstract
The development of new techniques for breath analysis searching for objective biomarkers of oxidative stress showed promise in
non-invasive disclosing health information of the well-being of a person. Although numerous biomarkers have been identified so
far using breath analysis, very little is known about their origin if they are metabolic or providing frommouth contamination. For
the introduction of breath tests into clinical practice, standardization of sample collection needs to be taken into account. Breath
analysis has been performed using laser photoacoustic spectroscopy to evaluate exhaled breath by mouth and nose before and
after brushing with toothpaste/baking soda in order to identify the important endogenous biomarkers without contaminant
sources. As a known biomarker of oxidative stress in the human body, it is important to accurately assess ethylene from exhaled
air. Differences in the concentrations of exhaled ethylene are observed after using toothpaste and baking soda. The levels of
ethylene are lower for nose breathing compared with mouth breathing. However, the differences are not significant proving that
ethylene is generally endogenous but may still exist some contamination, depending of the oral hygiene of each person. These
results may lead to a procedure, whereby subjects should be instructed to use toothpaste before each breath test sampling, to avoid
the possibility of contamination of endogenous biomarkers.
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Introduction

Trace constituents of the exhaled breath of healthy humans
generally have both endogenous and exogenous sources [1,
2]. The exogenous compounds are derived from environmental
noxes, bacteria, and viruses, whereas endogenous compounds
arise from metabolic processes within the body. They are re-
leased into the blood and will be passed on the airway via gas-
exchange between the blood and alveolar air in the lungs [3–6]
and appear in exhaled breath, being measured at trace concen-
trations in the parts-per-million by volume (ppmv) and parts-
per-billion by volume (ppbv) levels or lower.

Breath biomarkers may be affected by bacterial growth in
the oral cavity or in the upper respiratory tract [7, 8]. These
bacteria are generally kept under control with a healthy diet
and proper oral hygiene, brushing teeth at least twice a day.

The most used products for oral hygiene are cosmetic tooth-
paste, baking soda, and alcohol mouthwashes. To better recog-
nize an unhealthy breath, it is necessary to establish a healthy
one. Although the health status of patients can be identified
with a single breath, collecting a pure breath sample is not as
simple as it may seem. The aspects of sampling procedure must
be studied in detail in the case of measuring breath biomarkers.

The level of compounds in human breath can change
slightly depending on every person oral hygiene (if these per-
sons used care products before breath collection or not), and
also on the time and day that the breath sample was taken.
Therefore, each person has a unique Bbreath print^ that re-
mains distinct and relatively stable [9, 10].

Ethylene is a known biomarker for several metabolic dis-
orders. Nevertheless, there are many concerns if this biomark-
er is truly endogenous or may have some exogenous sources.
Exogenous sources of ethylene include the natural product
from the vegetation of all type, burning of vegetation, degra-
dation of agricultural wastes and refuse, active and passive
smoking, and incomplete combustion of fossil fuels [11].
Endogenous sources of ethylene are formed from several pos-
sible sources, including lipid peroxidation of unsaturated fats,
oxidation of free methionine, oxidation of hemin in
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hemoglobin, and metabolism by intestinal bacteria [12–14].
Ethylene resulting from lipid peroxidation known as a bio-
marker of oxidative stress in the human body was one of the
first breath compounds studied, being reported to range be-
tween 3 and 100 ppb [15–18].

To investigate the feasibility of continuous assessment of
lipid peroxidation by expired ethylene in the clinical applica-
tions, this study shows methods and procedures to provide
concentrations of truly endogenous ethylene. These experi-
ments were initiated to measure the ethylene in the breath
exhaled via the mouth and nose and also to decide the influ-
ence of toothpaste and baking soda in the oral cavity.

These studies are an extension of previous breath analysis
studies carried out using CO2 laser photoacoustic spectrosco-
py. This technique presents flexibility, high stability, large
dynamic range to measure low concentrations, good time re-
sponse, and high sensitivity in detection. In addition, analyses
of exhaled breath can be performed in real time which gives a
clear advantage over blood tests [19].

Detection of ethylene concentration in breath with an ac-
ceptable accuracy can offer an indicator of oxidative stress in
the human body, allowing a distinction between healthy and
diseased states. Thus, breath tests are important because of
their potential to detect diseases in early stages, non-
invasively with no pain and discomfort.

Method

To distinguish endogenous biomarkers from contaminants
originating from the environment or bacteria, mouth- and
nose-exhaled breath have been investigated using the CO2

laser photoacoustic spectroscopy. This method is very sensi-
tive and selective and well known in the field of trace gas
detection (ppb level). It was used in this study for quantitative
determination in real time of ethylene, with operational sim-
plicity, easy calibration, and no need for sample preparation.

CO2 laser photoacoustic spectroscopy system has been de-
scribed before in several research papers [1, 19–27]. The main
components of the system are a frequency-stabilized line-tun-
able CO2 laser and a resonant photoacoustic cell where the gas
concentration is detected and analyzed in combination with a
flow-through system. Multicomponent mixtures can be mea-
sured with high sensitivity and necessary selectivity by this
system for the molecules that possess high absorption
strengths and a characteristic absorption pattern in the wave-
length range of the CO2 laser [21–25] (Fig. 1).

The continuous wave CO2 laser is frequency-stabilized
emitting radiation in the 9.2–10.8-μm region with a maximum
power of 6.5 W. The CO2 laser beam is modulated in intensity
by a high-quality low-vibration noise, and variable speed me-
chanical chopper operating at the appropriate resonant fre-
quency of the cell (564 Hz) is focused by a ZnSe lens and

then is introduced in the photoacoustic cell. The resonant pho-
toacoustic cell was developed to monitor different gases. In
the resonator tube wall, four microphones are carefully em-
bedded where the acoustic wave is detected and generates a
corresponding signal (voltage) which is fed into a lock-in am-
plifier. The lock-in amplifier gives the amplitude and the
phase of the photoacoustic signal synchronized to the chopper
phase. The amplitude of the photoacoustic signal is propor-
tional to the concentration of the absorbing molecules. A
powermeter measures the laser beam power after the photo-
acoustic cell. Its digital output is introduced in the data acqui-
sition interface module together with the output from a lock-in
amplifier. All experimental data are processed and stored by a
computer. The modular software architecture for controlling
the experiments, collecting data, and pre-processing informa-
tion helps to automate the process of collecting and processing
the experimental results.

The experiments were conducted using a gas handling and
vacuum systems used to ensure gas purity in the photoacoustic
cell, to pump out the cell, introduce the sample gas in the
photoacoustic cell at a controlled flow rate, and monitor the
pressures of gas mixtures. The gas handling system also in-
cludes two gas flow controllers, the sample bag and the potas-
sium hydroxide scrubber. The breath samples were collected
in special bags equipped with valves that sealed them after
filling. The stored breath samples were transferred from bags
into the measuring cell by the gas flow controller. Before
entering the photoacoustic cell, the gas mixture passes through
a potassium hydroxide scrubber, which retains most of the
interfering carbon dioxide and water vapors [24].

The ethylene gas signature (see Fig. 2) was experimentally
determined using commercially prepared, certified gas mix-
tures containing 0.996 ppmV ethylene diluted in pure
nitrogen.

Also, the responsivity R (cm V W−1) of the PA cell is an
important parameter which depends on the pressure of the gas
inside the PA cell. Taking into account the fact that the initial
pressure in the sample bags filled by the human respiration
differs from one case to another, it is necessary to know the
pressure dependence of the PA cell responsivity (Fig. 3).

The pressure of the gas inside the cell influences the
responsivity R (cm V W−1) of the photoacoustic cell. The
initial pressure in the sample bags filled by the healthy humans
differs from subjects with different disorders and it is neces-
sary to know the pressure dependence of the photoacoustic
cell responsivity [24]. The exhaled air sample was transferred
to the photoacoustic cell at a controlled flow rate of 36 L/h
(600 sccm: standard cubic centimeters per minute), and the
total pressure of the gas in the cell was measured, applying
then the correction factor for the responsivity according to the
calibration curve.

The volunteers collected the breath air sample in alumi-
nized multipatient collection bags (750-mL aluminum-
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coated bags) composed of a disposable mouthpiece, a tee-
mouthpiece assembly, a discard bag, and a tube for nasal
breathing.

Multipatient collection bags are designed to collect multi-
ple samples from patients and hold a sample for a maximum
of 6 h. After an approximately normal inspiration, the subject
places the mouthpiece in his mouth, forming a tight seal
around it with the lips. A normal expiration is then made
through the mouth, in order to empty the lungs of as much
air as required to provide the breath sample. For the mouth-
exhaled breath sample, the first portion of the expired air is
directed into the discard bag (with the role in the collection of
the Bdead-space^ air: the first portion of an expired breath),
while the alveolar air is diverted to the collection bag. When
an adequate sample is collected, the subject stops exhaling and
removes the mouthpiece. For nasal breathing, a Teflon tube

was used and was connected to the bag. The tube was inserted
into one nostril while the other was locked with the finger. A
normal expiration is then made through the nose, in order to
empty the lungs of as much air as required to provide the
breath sample. When an adequate sample is collected, the
subject stops exhaling and removes the tube [24] (Fig. 4).

After the volunteer exhaled via the mouth or the nose and
the sample is collected, the gas from the sample is transferred
into the PA cell and can be analyzed immediately or later. In
either case, it is recommendable to seal the large port with the
collection bag port cap furnished with the collection bag. The
use of the port cap assures that the sample volume will not be
lost due to a leak. Its use also avoids the contamination of the
sample by gas diffusion through the one-way valve in the
large port, if the sample is stored for a long period of time
prior to its analysis.

Fig. 1 Schematic of the CO2

LPAS instrument

Fig. 2 The concentration-dependent response for ethylene Fig. 3 The responsivity of the PA cell against the pressure
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The volunteers were recruited from co-workers. All of sub-
jects lived in the same region (Magurele) and had similar
patterns of physical activity and similar levels of education.
None of the assessed subjects had been exposed to ionizing
radiation of antibiotics before study.

A detailed questionnaire with general information (age,
gender) and anthropometric data (weight, height) as well as
life style, health status, and dietary habits was filled in for each
subject.

The subjects were informed about the aim and experimen-
tal details of the study and all give their written informed
consent. No private details on the subjects involved in the
study have been or will be disclosed in public.

In this study, 15 healthy (9 women and 6 men) volunteers
with ages between 29 and 33 (co-workers of our institute)
were involved. Healthy subjects were non- or ex-smokers,
non-alcoholic, non-renal, non-diabetic without chronic mental
or physical health problems, and without any recent antibiotic
therapy. Prior to the analysis of breath, the volunteers were
asked to avoid for at least 6 h before or at any time during the
breath sample collection the following: alcohol and coffee,
food or beverages, and to refrain from exercise in the morning.
On the day prior to the test, products such as onions, leeks,
eggs, and garlic were avoided. Information was asked regard-
ing age, body weight and body height, time and nature of the

last meal and drink, recent exercise activity, medication, and
smoking. It should be pointed out that all the data published
about the volunteers were undertaken with the understanding
andwritten consent of each volunteer. All breath samples were
given in the laboratory every day between 08:00 am and
13:00 pm over a period of 1 month.

Results and discussions

First, mouth-exhaled samples and nose-exhaled samples from
volunteers were analyzed in the morning before washing
teeth, eating, or drinking anything (baseline values). Then, a
toothpaste study was conducted, where breath samples were
taken before brushing and 10 min after brushing with tooth-
paste and rinsing with tap water.

The same procedure was used for baking soda. The exhaled
air sample was transferred to the photoacoustic cell at a con-
trolled flow rate of 600 sccm, and the total pressure of the gas
in the cell was measured. To analyze the mouth- and nose-
exhaled bags contents, the extra gas was evacuated firstly by
the vacuum handling system, and the system was flushed with
pure nitrogen at atmospheric pressure for 30 min. For deter-
mining the detection of ethylene gas, the CO2 laser was kept

Fig. 5 The average concentration
of ethylene exhaled by mouth and
nose (with error bars)
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tuned to the 10P (14) laser line where the gas exhibits the
strong characteristic peak.

These comparative measurements were performed to ana-
lyze factors that potentially may affect the levels of ethylene in
the breath and to standardize a method for measurement con-
trolling breathing parameters.

Figure 5 shows the average concentrations of ethylene,
both the mouth-exhaled breath and the nose-exhaled breath,
before and after brushing with toothpaste and baking soda,
followed by rinsing with tap water.

As can be seen in Fig. 3, baseline values of ethylene con-
centration are 32 ppb in the mouth-exhaled breath and 29 ppb
for nose-exhaled breath. Themost likely explanation for this is
that a minor contributor to the ethylene in mouth-exhaled
breath is oral bacteria. There is no significant difference be-
tween the mouth and nose breath levels for ethylene when
baking soda is used but still, levels of ethylene are lower than
baseline values: 26 ppb mouth and 25.5 ppb nose. The lowest
levels were found after using toothpaste. For mouth-exhaled
breath, ethylene level was 24 ppb and for nose-exhaled breath
was 23 ppb.

The nose levels were always lower than the mouth levels
but the difference was not significant indicating that this com-
pound is mostly endogenous being released at the alveolar
interface and is not produced in measurable amounts in the
oral cavity.

To diagnose metabolic diseases, the volunteers should be
instructed to use toothpaste before each breath test sampling to
avoid oral bacteria [30] (over 700 species of bacteria live in
our mouth and can interfere with our molecules of interest).

Conclusions

Results have been performed using real-time CO2 laser pho-
toacoustic spectroscopy for the breath of 15 healthy volun-
teers, as they exhaled via the mouth and nose after brushing
with toothpaste and baking soda, each morning over a period
of 1 month. Ethylene trace compounds have been quantified
and concentration distributions have been obtained.

The main conclusion of the study is that ethylene is endog-
enous and appears in the exhaled breath of all volunteers. The
data obtained clearly show that ethylene exhaled via themouth
does not provide only alveolar but still, the mouth production
is minimal. According to this study, it is essential to develop
and perform a routine, standard procedure for breath samples.
The procedure of brushing with toothpaste must be followed
before taking samples.

Generally, the level of compounds in human breath can
change slightly depending on every person oral hygiene, on
the time and day that the breath sample was taken, each person
having a unique chemical composition that remain distinct
and relatively stable. More extensive studies with a larger

number of volunteers using mouth and nose monitoring be-
fore and after brushing with toothpaste may add clarity to this
preliminary research by keeping the present determinations as
a reference.

Exhaled breath sample can allow rapid progress in the area
of clinical applications because the procedure is non-invasive
and breath can be sampled as often as necessary, continuously
even during sleep [28, 29] as opposed to blood, which cannot
be sampled continuously.

CO2 laser photoacoustic spectroscopy has the potential to
be a viable tool for monitoring real-time concentrations of
ethylene in human respiration. Being able to extract a signal
from flowing breath samples, it provided the advantage of
collecting large amounts of data in a short period of time.

Currently, there are no tools available with these features in
the clinical procedures, so controls are based on complex lab-
oratory analyses that require long times and specialized per-
sonnel. The results of this study are hoping to arrive shortly for
quick, reliable, and simple execution controls.

The CO2 laser photoacoustic spectroscopy is admirably
suited for the measurement of ethylene in exhaled breath,
and the reported breath measurements made using this tech-
nique are perhaps the most reliable measurements available.
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