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Laser photoacoustic spectroscopy (LPAS) is growing quickly in its applications to real world problems—one of the problems is
to prevent obesity—being a candidate technology for breath analysis applications. The ongoing paper is aiming to investigate the
evaluation of oxidative stress in womens practicing Kangoo Jumps (KJ) aerobics. Because it is not possible to directly measure free
radicals in the body, we approach that by measuring the by-products (breath ethylene) that result from free radical reactions. We
found out that the mixture of exhaled breath in women’s after the KJ exercises contains low concentration of ethylene compared to
the exhaled breath of the women before the start of exercise program. This result can add valuable information to the contribution
to reduce the generation of prooxidants during and after KJ aerobics.

1. Introduction
There is no doubt that regular sporting activity has physiological benefits, but there is no evidence that there are benefits
of extreme endurance sports. Indeed, there are indications
that ultra-distance runners, for example, may suffer increased
health risks due to high oxidative stress, which generates
aggressive oxygen radicals and metabolites that can damage
cells and cell components [1–3].
Several interesting concepts have emerged from these
types of experimental studies [3–10]. Regular physical exercise enhances the antioxidant defense system and protects
against exercise-induced free radical damage. This is an
important finding, because it shows how smart the body is
about adapting to the demands of exercise. These changes
occur slowly over time and appear to parallel other adaptations to exercise.
When exercising, the body is in an elevated aerobic
metabolic state that increases the production of free radicals.
That happens because the two primary fuel sources in the
body, carbohydrates and fats, convert into energy through
a process called oxidation. During oxidation, not all oxygen

atoms bind with hydrogen, thus ending up as free radicals.
Normally, the body wants to stay in an oxidative balance, with
equal numbers of free radicals and antioxidants, which are
free-radical inhibitors [10–12].
Running is one of the earliest and simplest types of
aerobic activity. The combination of science and technology
has led to the evolution of new forms of running. KJ boots are
an example of a new innovative technology that is continuing
the evolution of this age-old activity and is defined to be the
newest way to getting rid of stress. These boots are designed
to dissipate the impact stress and forces experienced through
the ankles, knees, hips, and back by up to 80%. Due to the
reduced impact of running with the use of the KJ boots, it
is also confirmed (by three distinct scientific studies) [13–
15] that subjects wearing running shoes will have a greater
incidence of impact stress than those wearing KJ boots [13].
The question that arises is how subjects can effectively
defend against the increased free radicals resulting from this
innovative type of aerobics.
If we are considering a fitness or an exercise program, it
is vital to understand the risks and the complications that
may be associated with the program we are considering.
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While we commonly believe of injuries, including muscle
strains and sprains, as the most significant health pain,
there are physiological complications that may arise out
of electrolyte imbalance and similar conditions. One such
complication, known as oxidative stress, is quite common and
often overlooked as a health risk with exercise and fitness
programs.
Stress and obesity are the “diseases of the century” and we
focus our paper’s goal to this, by assessment, supervision, and
interpretation of cellular damage. Because it is not possible to
directly measure free radicals in the body, we approach this
question by measuring the by-products (breath ethylene) that
result from free radical reactions.
Ethylene from the human breath is an indicator of oxidant
stress and can be directly correlated to physiological events
in the patients (or biochemical events surrounding lipid
peroxidation) [16].
Lipid peroxidation is the free-radical-induced oxidative
degradation of polyunsaturated fatty acids, where biomembranes and cells are thereby disrupted, causing cell damage and cell death. The ultimate step in the peroxidative
chain reaction is the formation of different hydrocarbons
molecules, depending on the molecular arrangement of the
fatty acid involved. In the human body, the fatty acids inside
the membrane lipids are mainly linoleic acid and arachidonic
acid. The peroxidation of these fatty acids produces two
volatile alkanes, ethylene and pentane, respectively. Both of
them are considered in the literature to be good biomarkers
of free-radical-induced lipid peroxidation in humans [17].
The fact that ethylene is highly volatile, not significantly
metabolized by the body, and not soluble in body fat means
that it diffuses rapidly into bloodstream after generation and
it is transported to the lungs. The membranes separating the
air in the lungs from the blood in the capillaries are very
thin and are optimized for gas transport, so ethylene is easily
emitted in exhaled breath and then collected [18, 19]. This
speeds noninvasive patient monitoring applications when an
appropriately periodic and rigorous breath sampling regime
is used.
The chain of processes involving any gaseous compound
excreted with exhaled breath can be represented in the
general form as follows: production of the biomarker during
a particular biochemical reaction or a complex metabolic
process; diffusion of biomarker through tissues and input into
haematic flow; possible intermediate accumulation; possible
trapping of biomarker by utilization and assimilation systems
or natural chemical transformation; transport to the lungs;
transmembrane diffusion to the air space of lungs; diffusion
of biomarker and their mixing with inhaled air in the alveolar
space of lungs; release of biomarker in the breathing air;
collection of a breath sample and assessment of the biomarker
in the breath sample [20].
The quest for noninvasive, real-time monitoring tools is
a characteristic of the modern medicine. The technique that
will be applied in this research complies with this requirement
ensuring the advantages of health state assessment by monitoring the evolution of gaseous biomarkers in human body,
impossible to achieve with current techniques. Our propose is
to characterize by breath air analysis one prevention domain
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(fitness), but the method can be easily extended to other
pathological issues.
According to these features, we show the potential of
LPAS as a powerful system for trace gas detection with
exhaled breath assessment applications, focusing the attention on the determination of ethylene contained in exhaled
breath of women practicing an innovative training device:
KJ.

2. LPAS Experimental Setup
LPAS is a sensitive technique for detection and monitoring
of trace gases at very low concentrations. The CO2 laser
is of special interest, as it ensures high output power in a
wavelength region where more than 200 molecular gases of
environmental concern for atmospheric, industrial, medical,
military, and scientific spheres exhibit strong absorption
bands. This laser can be only stepwise tuned when operated
in cw, and it is an ideal source to push the sensitivity of
photoacoustic gas detection into the concentration range of
part per billion by volume (ppbV) or even lower. Instruments
based on LPAS method have nearly attained the theoretical noise equivalent absorption detectivity of 10−10 cm−1 in
controlled laboratory conditions. This high sensitivity cannot
be achieved in real detection conditions due to the coherent
photoacoustic background signal and interfering absorption
of normal atmospheric constituents.
The schematic diagram of the LPAS system is illustrated
in Figure 1 and is described in [21–26] with details of the
general setup especially our resonant PA cell, the formula for
the response of the system, the line tunability of the frequency
stabilized CO2 laser, the quality factor of the PA cell, and a list
of protocols to obtain a minimum detectable concentration as
low as possible.
The experimental setup consists of a home-built, linetunable, and frequency stabilized CO2 laser. This laser,
emitting radiation in the 9.2–10.8 𝜇m region on 73 different
vibrational-rotational lines, has a maximum power of 6.5 W
on the 10P(20) line. The requirement for gases to be detected
with this sensitive laser is that they should possess relatively
high absorption strength and a characteristic absorption
pattern in the wavelength range of the CO2 laser. For ethylene,
the largest absorption is attained at 10P(14) line of the CO2
laser (10.53 𝜇m).
Our laser beam was modulated by a high quality, low
vibration noise, and variable speed (4–4000 Hz) mechanical
chopper model DigiRad C-980 or C-995 (30 aperture blade),
operated at the appropriate resonant frequency of the cell
(564 Hz).
We used a dual-phase, digital lock-in amplifier (Stanford
Research Systems model SR 830) with the following characteristics: full scale sensitivity, 2 nV–1 V; input noise, 6 nV
(rms)/√Hz at 1 kHz; dynamic reserve, greater than 100 dB;
frequency range, 1 mHz–102 kHz; time constants, 10 𝜇s–30 s,
or up to 30000 s.
PA cell has a total volume of approximately 1.0 dm3 and it
is made of stainless steel and Teflon to reduce the outgassing
problems. The PA cell consists of an acoustic resonator
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Figure 1: CO2 laser photoacoustic spectroscopy system.

tube, windows, gas inlets and outlets, and microphones
and it contains an acoustic filter to suppress the window
noise. The ZnSe windows are positioned at Brewster’s angle
to their mounts. The resonant conditions are obtained as
longitudinal standing waves in an open tube (excited in
its first longitudinal mode). To achieve a larger signal, we
chose a long absorption path length—300 mm and an inner
diameter of the pipe of 7 mm. The fundamental longitudinal
wave, therefore, has a nominal wavelength of 600 mm and a
resonance frequency of 564 Hz.
The two buffer volumes placed near the Brewster’s windows have a length of 75 mm and a diameter of 57 mm.
The inner wall of the stainless steel resonator tube is highly
polished. It is centered inside the outer stainless steel tube
with Teflon spacers. A massive spacer is positioned at one
end to prevent bypassing of gas in the flow system; the other
is partially open to avoid the formation of closed volumes.
Gas is admitted and exhausted through two ports located
near the ends of the resonator tube. The perturbation of the
acoustic resonator amplitude by the gas flow noise is thus
minimized. The acoustic waves generated in the PA cell are
detected by four Knowles electrets miniature microphones
in series, mounted flush with the wall. They are situated at
the loops of the standing wave pattern, at an angle of 90∘ to
one another. The electrical output from these microphones is

summed and the signal is selectively amplified by the lock-in
amplifier [26].
Comparing with the best value previously reported
[27] in the literature (minimum detectable concentration—
3,8 ppbV (parts per billion by volume)), our PA system is
one of the most sensitive instruments, having a responsivity
of 405 cmV/W and being able to measure the minimum
detectable concentration of 0.9 ppbV.
We used a modular software architecture (Keithley TestPoint software) that is aimed at controlling the experiments, collecting data, and preprocessing information. It
helps to automate the process of collecting and processing
the experimental results. The software transfers powerMeter
readings, normalizes data, and automatically stores files. It
allows the user to record parameters such as the PA cell
responsivity (a constant used to normalize raw data), gas
absorption coefficient, number of averaged samples at every
measurement point, sample acquisition rate, and the total
number of measurement points. This software interfaces the
lock-in amplifier, the chopper, the laser powerMeter, and the
gas flowmeter. It allows the user to set or read input data and
instantaneous values for the PA voltage, average laser power
after chopper, and trace gas concentration [26].
Of great significance in these determinations is the gas
handling system due to its role in ensuring gas purity in
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the PA cell (the upper part of Figure 1). It can be used to
pump out the cell, to introduce the sample gas in the PA
cell at a controlled flow rate, and to monitor the total and
partial pressures of gas mixtures. Also, the gas handling
system can perform several functions without necessitating
any disconnections [25, 26].
Women’s exhaled breath samples were collected inside
aluminized bags using a disposable mouth piece connected to
the sample bags via homemade Teflon mouthpiece adaptor,
and after collection, the sample gas is transferred into the
measurement PA cell.
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Ethylene breath biomarker was measured using the LPAS
system, and volunteers were recruited from women participating in KJ exercise program (3 times per week, with a
1 h KJ session) organized by the Prosper Fitness, Bucharest.
KJ program implies one hour of a lot of new steps and
great choreographies with music. The first 10 minutes of the
program are dedicated to the initiation in the exercises and
the last 10 minutes are dedicated to the body relaxation.
Experimental determinations in order to evaluate, interpret, and understand the by-product of oxidative stress were
performed for five women with age between 23 and 30 years.
The control women, considered healthy, were nonsmokers,
nonalcoholic, and nondiabetic, without any chronical affection.
The tested women involved in the experiments did not
take synthetic antioxidants before the beginning of the KJ
program, and breath samples were collected at certain time
intervals, before (with 5 minutes before the start of the
exercises) and after the KJ program (immediately after the
end of the exercises) with a normal exhalation flow rate.
An essential parameter is the responsivity 𝑅 (cmV/W) of
the PA cell which depends on the pressure of the gas inside
the cell (Figure 2).
The initial pressure in the sample bags filled by the healthy
women differs from one case to another, and it is necessary
to know the pressure dependence of the PA cell responsivity.
The exhaled air sample was transferred to the PA 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 from
Figure 2. The responsivity of the PA cell was determined
for ethylene at 10P(14) CO2 laser line by using a calibrated
mixture (Linde Gas) of 9.88 ppmV (±2%) C2 H4 diluted in
nitrogen 6.0 (purity 99.9999%) and verified with another
calibrated mixture of 0.96 ppmV (±5%) C2 H4 diluted in
nitrogen 5.0 (purity 99.999%) [26].
The absorption coefficients of ethylene at different CO2
laser wavelengths were precisely measured previously [25,
26].
During the transfer of the exhaled air from the collecting
bag to the PA cell, the sample gas was passed through a
trap filled with KOH pellets to remove the CO2 and H2 O
vapors. The signal decreased considerably when a trap with
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Figure 2: The responsivity of the PA cell against the pressure.
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Figure 3: The by-product of oxidative stress at five women (S1–S5)
practicing the innovative KJ training.

a volume larger than 100 cm3 was inserted [28], showing that
the existing amounts of CO2 and H2 O vapors in the breath
can significantly alter the results; thus their removal is being
compulsory.
Experimental determinations of breath ethylene for
women (S1–S5) were performed and the results are presented
in Figure 3. All determinations were made at 10P(14) CO2
laser line (absorption coefficient: 30.4 cm−1 atm−1 ).
In Figure 3, we have measured the by-product of the
oxidative stress during KJ program in five womens using
the exhaled ethylene as a biomarker and LPAS system as
a method of detection. As shown in the figure, we can
observe that the level of ethylene breath biomarker after the
KJ program is decreased compared to the ethylene breath
biomarker concentration before the start of KJ exercise
program (between 47% and 74%, average 60%). It can be
hypothesized that subjects who make KJ exercise would have
a lower incidence of damage at membrane cell level and this
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innovative exercise program can protect cells from oxidative
damage and stress, reducing the generation of prooxidants
during and after the exercise.
The term oxidative stress refers to a serious imbalance
between production of reactive oxygen species and antioxidant defence in favour of the oxidants, potentially initiators
of cellular damage.
The decreased level of ethylene appears because of the
significant reduction of impact force during KJ exercises,
inside the volunteers organism producing only “good” free
radicals followed by a low concentration of oxidative stress.
As secondary messenger of part of the immune system
defence the low level of oxidative stress has many important
physiological functions while moderate and high levels of
oxidative stress (or the production of “bad” free radicals)
within cells may lead to membrane cell damage and DNA
lesions.

4. Conclusions
Determinations from this preliminary evaluation of breath
test during KJ exercise suggest that the KJ may reduce the
oxidative stress, and LPAS system provides a useful evaluation of ethylene biomarker (as a by-product of oxidative
stress occurring inside the cells), being perfectly suitable to
assessing the breath gases.
This is the first attempt in the literature which has
investigated the use of KJ for the risks of oxidative stress
capacity.
High sensitivity and selectivity, immune to interference,
high accuracy and precision, minor sample preparation, good
temporal resolution, ease of use, versatility, reliability, robustness, and a relatively low cost per unit make LPAS technique
functional in a large dynamic range for measurement of trace
gases.
As for future work, more research is needed to investigate
the use of KJ boots for the risk of oxidative stress capacity
by keeping the present determinations as reference and the
exhaled ethylene as a specific by-product of oxidative stress
(with a larger number of volunteers).
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