
 

INTERNATIONAL JOURNAL OF 
    HEAT AND TECHNOLOGY 
 

ISSN: 0392-8764 
Vol. 34, No. 4, December 2016, pp. 551-557 
DOI: 10.18280/ijht.340401 
Licensed under CC BY-NC 4.0 

A publication of IIETA 

 
http://www.iieta.org/Journals/IJHT 

 
 
 

 
 

1. INTRODUCTION 

 
In everyday life, the importance of electronic sensors and 

biosensors is growing exponentially, and is directing the 
scientific community to increase the studies of versatile 
platforms that can be used for various mass applications and 
for the realization of low cost products.  

Most applications of EAD technologies hitherto have been 
in industrial production, processing, and manufacturing. 

Some of the more common manufacturing applications 
have been in quality control and grading, product uniformity 
and consistency, processing controls, gas leak detection and 
environmental effluents monitoring. 

Applications are continuously being developed in many 
new areas of applied research such as for volatile emissions 
assessments, homeland security, environmental protection, 
biomedical diagnoses, personnel safety, and in product 
development research [1-11].  

The tab.1, reported below, shows the list of the possible 
application of electronic nose in various fields and sectors. 

The present work is part of a larger research project about 
sensors.  

It combines the new instrumentation and the engineering 
knowledge with chemistry and medicine, and it is the 

attainment of a diagnostic monitoring for human diseases 
[12-26].  

The intended goal is to use an artificial olfactory system, 
designed and built in a laboratory, and hereinafter referred to 
as “Electronic Nose”, in order to analyze and monitor 
patients undergoing dialysis treatment. 

 
 

2. ANALYSIS OF THE AIR EXHALED 
 
In recent years the analysis of the expired air has been 

proposed as a diagnostic tool for a variety of lung diseases.  
It is well known that the expired air contains hundreds of 

gases and volatile organic compounds (VOCs) from 
metabolic and inflammatory body pathways l [12].  

  
2.1 Clinical diagnosis through breath testing 

 
There are volatile organic compounds detected in human 

exhaled air that become dangerous if their concentration 
exceeds a certain range.  

Among them: 

- Ethanol: it makes possible, through exhaled air, the 
assessment of the legal alcohol limit in the human body's 
blood. 
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Table 1. List of the electronic nose applications in various sectors 
 

SECTORS APPLICATIONS / FUNCTIONS 

Agribusiness/Zootecnic • Traceability of food 
 • No-adulteration 
 • Environmental Monitoring in greenhouses 
 • Environmental Monitoring in farms 

Environmental • Pollution Control in the city 
 • Indoor air pollution control (IAQ) 
 • Tests for harmful emissions and harassing 
 • Surveillance volcanic areas 
 • Control of drinking water and industrial water 

Biomedical • Early diagnosis of various diseases 
 • Automatic control of health status in patients dependents 

Industrial process control • Product quality control and process of industrialization in 
industries: packaging, food and transport 
• The level of cleanliness control 
• Formulation of new products 

Aerospace • Air Control in the cabin and in space stations 

Safety • Monitoring of potentially risky places for humans 

• Detection of explosives 
• Detection of drugs 

 
It was further established its presence in patients suffering 

from nonalcoholic fatty liver disease.  

- Acetone: its concentration increases in a healthy human 

being, from 300-900 ppb to 1800 ppb in diabetic patients. 

- Carbon Monoxide: it is used in the breath control of the 
smokers but also as CO poisoning tests. It is also a biomarker 
in pulmonary and systemic inflammatory diseases. In the 
breath of a nonsmoker, its concentration is 0.4-0.8 ppm, vice 
versa is 2-20 ppm. 

- Ammonia: the permitted exposure limit is set to 35 ppm 
over 15 minutes. It is a useful indicator for the diagnosis of 
kidney diseases.  

- Nitric oxide: nitric oxide (NO or more correctly nitrogen 
monoxide) is an endogen mediator of very important 
processes, such as the vasodilatation and the transmission of 
nerve impulses. It is important to diagnose serious diseases 
such as bronchial asthma.  

- Carbonyl sulfide: it has been identified as a biomarker 
for liver diseases. High COS concentrations were also found 
in lung transplant patients who had acute transplant rejection. 
Exposure to COS may cause adverse effects on patients. 

- Hydrogen sulfide: It is a powerful anti-inflammatory, 
antioxidant and anti-apoptotico5.  

Its concentration in the breath is high if the range is 20-
70ppb.  

At high concentrations it paralyzes the olfactory nerve and 
can cause unconsciousness in a few minutes. 

To learn more about the human exhaled air, first we must 
examine what a man inspires in order to know its 
characteristics.  

The atmospheric composition of air at sea level, is 
reported in Tab.2, with values % refer to weight 

- Hydrogen: it is a valid non-invasive tool to assess 
gastroenterological conditions.  

Gas produced during the bacterial fermentation in the 
colon spreads into the blood and then in the breath.  

Appreciable quantities of hydrogen are released when, for 
example, you ingest fermentable substrates, mainly 

carbohydrates. 

- Hydrogen Peroxide: an increase of this human exhaled 
air component is present in patients suffering from various 
pulmonary inflammatory diseases and in uraemic patients 
undergoing regular hemodialysis. 

From the foregoing description we realize how the blood 
can vehicular some harmful substances to our health and to 
the functionality of various organs.  

The presence of the renal apparatus, whose job is the 
excretion of water, ions, and waste products, ensures the 
proper discharge of the body functions. 

 

Table 2. Characteristics of atmospheric air components and exhaled air with value of the % in weight 
 

 
 

 

3. EXPERIMENTAL APPARATUS OF THE 

ELECTRONIC NOSE 

 
The preliminary stage for the realization of the electronic 

nose is represented by the preparation of the circuit diagram 
which led to the design of the circuit.  

It contains various electric components and connections in 
the mechanic container, where detecting sensors have been 
positioned. [14].  

On the basis of what is described, the printed circuit board 
has been realized by assembling the various components on 
the same card, followed then by the assembly of the various 
sensors at appropriate points in the container.  

552



 

Fig.1/s shows the sampling system box; Fig.1/b shows the 
chamber of sensors of the electronic nose. 

Tab. 3 shows the sensors in the electronic nose. 
To analyze the exhaled air components, you need to 

transfer the flow of air inside the chamber, as Fig.1/a and 
Fig.1/b show. 

In the next section this aspect will be developed, by using 
the sampling circuit of the exhaled air. 
 

 
Figure 1/a. Sampling system box 

 

Table 3. The sensors in the electronic nose 
 

Sensors Target Operating 

range 

Calibration range  

 TGS822 C3H6O 50-5000 ppm  1 - 100 ppm 

 TGS2600 CO 1 - 100 ppm  0, 5 - 50 ppm 

 TGS82602 H2S 0, 1 - 3 ppm  20 - 500 ppm  

 TGS826 NH3 30 - 300 ppm  1 - 10 ppm 

 TGS4161 CO2 400-4500 ppm  400-50000 ppm  

 

 

3.1 The sampling system of human exhaled air 
 
The sampling system is designed to take a portion of the 

exhaled air to be analyzed. 
The exhaled air through a small tube is placed within the 

sampling system.  
Subsequently, through two three-way valves, it is 

conveyed in a sampler tube.  
In order to transport the exhaled air, a line of compressed-

air input is used to maintain the sensor under a reference gas 
flow at known volume.  

A needle valve and a flow meter, regulates the flow speed.  
Fig.2 shows the scheme of the sampling system described 

above. 
To use the electronic-nose system in different 

environments from laboratory, it was made a 30×30×10 cm 
sized metal box containing the chamber of the electronic 
nose, the valves and the piping system.  

In the previous phase it was described the realization of 
the electronic nose.  

Its wiring diagram was analyzed with the individual 
components, the room of the six tensors housing the sensors 
and the sampling system used. 

The sensors of the atmospheric parameters have been 
located within the chamber, for this purpose has been 
realized a small container of circular shape, of the same 
diameter of the chamber in which the sensors with its 
additional components (resistors and capacitors) are 
positioned. 

The electronic nose, before being used for analyzing the 
various gas species components of the exhaled air, has been 
“trained” for the recognition of the various gaseous species.  

In the embodiment of this first phase, developed in a 
laboratory, the instrument was supplied with the data base 
necessary for the next gas recognition. 

 
 

 
 

Figure 1/b. Chamber of sensors of the electronic nose 

 

 
 

Figure 2. Scheme of the sampling procedure 

 
For this purpose it was used an “Experimental setup”.  
As Fig.3 shows, the experimental apparatus with the purge 

gas system is under an extractor hood. 
In Fig. 3 you can see the following main components of 

the experimental apparatus: 
 
- Cylinders 
- Flow control 
- Flow permeation tubes Controller 
-Bubbler 
-Thermo cryostat 
 
When a gas is present, each sensor reports an electrical 

signal. 
The acquisition of the electrical signal is handled through 

a program created ad hoc by LabWindows/CVI software.  
The main purpose of the software is to reprocess signals 

supplied from the USB-6009 card, representing the output 
voltage values of each sensor, and to show them graphically 
and numerically on the terminal monitor in real time.  

In the training phase, the output signals of sensors have 
been stored, in order to obtain a useful database to various 
cases studies encountered during use. 
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Figure 3. Experimental apparatus, with analogical controller 
“BRONKHORST E7000” 

 

 

4. MEASUREMENTS AND RESULTS 

 
The responses of each sensor belonging to the device, 

were compared in laboratory and then tested to evaluate the 
repeatability of the sensors: Carbon Dioxide, Carbon 
Monoxide and Ammonia. The baseline was obtained with a 
gas mixture of 20% of O2 and 80% of N2. 

Three healthy subjects were tested. The answers provided 
by these patients made it possible to verify the truthfulness of 
the electronic nose results. 

At the nephrology department of General Hospital of 
Messina, further tests of the device on dialysis patients has 
been performed to test the reliability of the equipment. 

As far as the reliability of the sensors placed in the nose, 
preliminary tests at different concentrations were made, 
graphing the sensor response, in absence and presence of the 
gas target.  

The results are shown in Fig.4. 
You can see the sensor is highly sensitive to changes of 

CO2 concentration, presenting an immediate response.  
It is interesting to notice that the baseline is quickly 

recovered as soon as the carbon dioxide is removed from the 
gaseous mixture.  

The calibration curve, shown in Fig.5, has been obtained 
through these measures. 

 
 

Figure 4. Sensor TGS4161 response CO2 concentrations 

 
In order to check the repeatability of the sensor response, 

we sent more times CO2 at a concentration of 2500 ppm.  
As it is observed in Fig.6, the sensor shows an excellent 

reproducibility of the response and a stability of the device 
with time. Also the other gas sensors react to detection of 
Carbon Dioxide.  

Although they show an increased stabilization time after 
the removal of gas to return then to the basic value.  

 
 

Figure 5. Calibration curve of the sensor TGS4161 

 

 
 

Figure 6. Repeatability sensor TGS4161 in CO2 presence 

 
Fig.7 shows the dynamic response obtained at a 

concentration of 800 ppb. 

 
 

Figure 7. Dynamic response of the sensor TGS 826 at a 
concentration NH3, of 800 ppb 

 
Good is the rapidity with which the presence of ammonia 

is detected, with response times to the order of a second.  
The base line is quickly recovered as soon as the ammonia 

is removed from the gaseous mixture.  
The observed peak is due to a change in flow, as a 

consequence of the flow meter activation, that introduces the 
recovery air at the initial conditions.  

The repeatability tests have provided a good answer. 
 

4.1 Breath tests by subjects not affected by pathology 
 
Tests with air exhaled by subjects not affected by 

pathology, were performed by connecting a small tube to the 
sampling system. The exhaled air from a subject has been 
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taken three times every quarter of an hour, obtaining the 
sampling basis that was useful then to compare with those of 
other two healthy subjects. 

We can highlight how the pattern of the array sensor 
responses changes from one subject to another.  

This is to be related to pulmonary ventilation and 
especially to the health of the individual.  

The histogram in Fig.8 shows the comparison of the 3 
subjects breath components. 

 
 

 Figure 8. Comparison of the components of three subjects 
 

4.2 Test with air exhaled by a person on dialysis 
 
Afterwards tests have been performed on patients in 

dialysis, using a device for monitoring the exhaled air. 
The array of the sensor response has been acquired by 

performing measurements before and during the dialysis 
treatment, at half an hour intervals from each other. 

Fig.9 reports the sensors response trend of the array 
components acquired during the dialysis cycle. 

 

 
 

Figure 9. Sensor response in function of the exhaled air by a 
dialysate 

 
The histogram in Fig.10 shows the values by components 

of exhaled air by people in dialysis therapy, for different 
values of air humidity.  

The answers of the array vary over time accordingly to 
changing patient's clinical condition during dialysis.  

For a careful analysis it is necessary to compare the data 
obtained with the clinical values performed, in the same 
conditions, through the analysis of blood.  

These analysis moreover vary according to the subject's 
therapy and state of health.  

You can notice the behavior recorded by the sensors is 
worthy of attention. 

Specifically, the ammonia sensor has a regular decrease in 
response to the dialysis time. 

It was already highlighted, that ammonia present in human 
exhaled air, is considered a biomarker correlated to the 
nitrogenous substances (urea and creatinine) of blood. 

These last are the routine references in the assessment test 
of the clinical status during dialysis. 

Urea and creatinine are progressively eliminated during 
dialysis, so that blood is purified of these toxic substances.  

Since there is a balance with the ammonia in breath even 
the latter decreases over time.  

 

 
 

Figure 10. Components exhaled by a subject in dialysis 
therapy 

 
The gradual lowering of the NH3 sensor response, shown 

in Fig.11, is in line with what was expected. 
 

 
 

Figure 11. Sensor response NH3 to changes of the dialysis 
time 

 
 

5. CONCLUSIONS 

 
The device is of great interest, both in scientific and 

commercial area, as it is able to give us real extemporaneous 
indications of dialysis. 

From a clinical point of view it is also important to follow 
the responses evolution of the other sensors over time. 

The research, which has led to the creation of an electronic 
nose for biomedical applications, is the beginning of a 
project still to improve. 

The first steps have made it possible to verify the sensor 
responses, both in laboratory and in biomedical field. 

From a medical point of view, its use constitutes a 
valuable, non-invasive tool, for physiological and 
pathological diagnosis of patients during the dialysis 
therapeutic cycle, improving their quality of life.  
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Through a simple breath, and considering the array of the 
sensors response, it is possible to observe the differences of 
the exhaled air components.  

In a patient during the phases of dialysis treatment, with a 
simple breath, considering the array of the sensors response, 
it is possible to observe the differences of the exhaled air 
components, respect at the standard values of the subjects in 
healthy. 

Tests carried out in hospital show how the qualitative 
sensors response concurs with the variations of the 
commonly monitored target through blood samples.  

Applications of such sensors were obtained in sectors 
shown in Tab.1, in particular of environmental and industrial 
monitoring and for the control of Indoor comfort parameters 
[27, 30]. 
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