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Abstract- Sensor is mainly used for fast detection of gases in applications. Each sensor has its own kind of response in the 
sensory array. Certain organic compounds like acetone, acetic acid, benzene, ethyl alcohol, methane, isopropyl alcohol, 
trichloroethane and ethyl acetates are present in alcohols and house hold products which causes severe death to human life. 
These compounds provide relative information on the product quality and improve product acceptability. By determining the 
alcohol in body the person’s health can be accessed. To monitor and measure these VOCs in human system, gas sensors can 
be used. The aim of this paper is to identify the suitable electrical variation gas sensing methods to detect the toxic VOCs in 
E-Nose technology. 
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I. INTRODUCTION 
 
An alcohol is an organic compound in which the 
hydroxyl group function is present and is classified 
according to the relation of carbon atom and it is 
toxic. Alcohols can be used as a solvent in medical 
drugs, vegetable essences such as vanilla, alcoholic 
beverages, and personal care product such as nail 
polish remover, perfumes, hair spray and mouthwash. 
The possible volatile organic compounds (VOCs) of 
alcohol are benzene, toluene, acetone, ethyl alcohol, 
methyl alcohol, isopropyl alcohol, methacrylates 
(methyl or ethyl), ethyl acetate, methyl alcohol etc. 
Volatile organic compounds are organic compounds 
that easily oxidized into vapor or gases.  Volatile 
Organic Compounds (VOCs) can easily be evaporated 
at room temperature these chemicals are carbon based 
and they can easily evaporate into the air. These kinds 
of chemicals can enter the human body through many 
ways such as breathing, touching or swallowing. 
 
Body spray, nail polish remover, hair spray are the 
most widely used beauty product consists of many 
kinds of VOCs that can harm the ozone. The VOC 
present in beauty product can cause the low pressure, 
irritation to skin, eyes and even in lungs. Chemicals 
present in mouth wash can cause oral cancer. The mix 
of alcohols can cause many problems to human health. 
The alcohol contains many toxic VOC which severely 
affect the human system while consuming. 
 
Sensor plays an important role in many chemical 
applications. Different studies have established 
various branches of gas sensing technology.  
 
The three major areas to pay attentions are kinds of 
sensors going to be used, the sensing principles of the 
selected sensors, and the fabrication techniques. 

Sensory array is composed of many sensors to detect 
the different volatile organic compound involved in 
the ingredients. There are different processes involved 
for preparing sensory array. During the process, if 
there is any minute change in concentration through 
any environmental changes also may cause changes to 
the composition. Gas sensing technology plays an 
important role in the field of medical, industry, 
environmental gas monitoring etc. 
 
In E-Nose technology detection of VOC in alcohol is 
important. The accuracy of E-Nose normally depends 
on the factors of sensor types, pattern recognition and 
ambient temperature and humidity. For real-time 
medical diagnosis system, breath sample is easy to 
detect and also to collect in order to measure the 
alcohol VOCs in human system. This method is 
mostly desirable and widely used. Monitoring toxic 
VOCs in breath is a promising and expanding field. 
Researchers believe that electronic nose can be used 
by industry to quantify the alcohol content in the 
products. The electronic nose provides a fast, 
inexpensive and objective method to analyze the 
alcohol content intake by the person by taking the 
breath test. E-nose comprises an array of chemical 
sensors, data acquisition system and the processing 
tools.  
 

 
Fig 1: Schematic Diagram of E-Nose 

 
The sensory array consists of many sensors which 
measures its own response in unique. The main 
elements used are the number of different sensing 
element for the samples which imitates the human 
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nose. Neural Networks are information processing 
structures which imitate the behavior of human brain. 
The main aim of the pattern recognition is to 
determine the meaningful outputs. Based on the 
application the sensing element gets varied. 
 
The main objective of this work is to analyse and 
differentiate the complicated component of the 
alcohol. Different type of sensing technology is 
given, followed by the comparison among different 
gas sensors to provide a comprehensive review.   
 
II. LITERATURE SURVEY 
 
Jacek Gebicki et al. (2014) designed the identification 
of odor of volatile organic compounds using classical 
sensory analysis and e-nose technique. Six 
semiconductor sensors by FIGARO company was 
used at the temperature of 20±0.5 ºC. They used VOC 
of 1-propanol, benzaldehyde and 2, 3-butanedione. 
Calculated the odor for concentration level of 50ppb, 
1ppm, and 50 ppb. The algorithm was employed for 
cheometric calculations using PCA and ANN.  
 
Miguel Macias et al. (2013) designed a low cost E-
nose for aroma detection. The sampling method that 
used in this system was dynamic headspace 
technique, which consists of air flow controller, it 
was designed in such way to test the analyte 
continuously. The tested sample used in their system 
were ethanol solution with different concentration.  
 
They have taken four gas sensor (FIGARO) to form 
as an array of sensor. Microcontroller was used here 
as a data acquisition system. Feature extraction was 
done using Principal Component Analysis (PCA) 
method. They have used Support Vector Machine 
(SVM) pattern recognition algorithm to classify the 
tested analyte. The limitation of this E-nose system is 
it can be used only in the working environment.   
 
Faycal Benrekia et al. (2013) designed a system to 
characterize toxic gases (CO, NH3). Static sampling 
method was carried out in this system, they have 
designed eight Micro Hot Plate (MHP) based SnO2 
gas sensor. DAQ card used to acquire sensor signal 
and store the sensors data into the system. PCA was 
used here to extract the data, those data were trained 
with Multilayer Perceptron (MLP) based on back 
propagation algorithm. The designed system was able 
to give 93.5% classification result. The tedious task 
that was observed in this system, to set the working 
temperature.  
 
Jung Wang et al. (2013) development an E-nose to 
discriminate the storage time for pork samples. Ten 
MOS gas sensors were employed in this system. 
Dynamic sampling technique was used. The 
classification result of the system was 97.75% for 
pork samples.  

Mazlina Mamat et al. (2011) developed an E-nose 
system to classify beverages, UHT and pasteurized 
milk. Fourteen MOS gas sensors (FIGARO) were 
used to sense the VOCs present in the tested analyte 
and one auxiliary sensor as temperature sensor to 
eliminate the temperature interference on the sensors. 
PIC microcontroller was used to interface the signals 
into the system. PCA method was employed here to 
extract the features from the sensor signal data. The 
data were trained with MLP based Back Propagation 
(BP) algorithm. The system was able to give 100% 
classification for beverages and 90% for milk. The 
limitation of this system was it requires large quantity 
of analyte.  
 
Yao-sheng et al.(2010) designed a portable E-nose 
system for to detect and classify fruity odors such as 
lemon, banana, litchi and logan. This system 
encompass static sampling method and eight MOS 
gas sensors to detect the VOCs from the fruit odors. 
Data acquisition card was act as an interfacing system 
between signal conditioning circuitry and PC. PCA 
method was used to extract the feature from the 
sensor signal data and the data were trained with 
KNN algorithm to characterize the tested analyte. The 
system was able to show 96.6% classification result 
for banana and lemon, 70% for litchi and logan. The 
drawback of this system was it requires more quantity 
of samples. 
 
Fauzan Khairi Che Harun et al. (2010) presented a 
portable E-nose system for to detect and classify the 
VOCs of perfume. Four MOS (FIGARO) gas sensors 
were used to make an array of gas sensors and this 
system was designed with static sampling method. 
DAQ card (NI USB6008) used to acquire the signals 
from the sensor circuitry to the system, PCA 
algorithm was used to extract the features. This 
proposed system was able to produce 99.53% 
classification result for any perfume odors.  
 
III. TYPES OF GAS SENSING IN 

ELECTRICAL VARIATION METHODS 
 

A. Metal Oxide Semiconductor 
Metal oxide semiconductor is being the most 
commonly used sensing materials. Normally, The 
metal oxide semiconductor can be classified into two 
types n-type semiconductor and p-type 
semiconductor. The difference between these two 
semiconductors are n-type semiconductor have the 
majority charge carrier as electron, once it get 
interacts with the reducing gas as the temperature 
increases, an increase in conductivity occurs. When an 
oxidizing gas exposed into the n-type semiconductor a 
decrease in conductivity may occurs. Conversely, a p-
type semiconductor have the positive holes as 
majority carriers, when they exposed to a reducing gas 
as the temperature decrease, decrease in conductivity 
occurs where areas, for an oxidizing gas an increase in 
conductivity occurs. Therefore p-type semiconductors 
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require low operating temperature than the n-type 
semiconductor. N-type materials are the sensitive 
material to sense gas concentration. P-type material 
can be used as sensing material with the help of NiOx 
doped with TiO2 (n-type material).  
 

Types  Majority 
carriers 

Minority 
carriers 

Reducing 
gas 

Oxidizing 
gas 

n-
type 

Electrons  Positive 
holes 

Conductivity 
increases 

Conductivity 
decreases 

p-
type 

Positive 
holes 

Electrons  Conductivity 
decreases 

Conductivity 
increases 

 
The gas sensing materials are SnO2,TiO2, etc. be able 
to detect flammable gases, chlorinated solvents and 
toxic gases. Tin dioxide (SnO2) is the gas sensing 
material commonly, due to its quick response time. 
However, sensitivity material (SnO2) requires working 
temperature 25°C to 500°C. Metal oxide sensitive 
material must be selected in an appropriate way to 
detect the particular gases among the mixture of gas.  
 
B. Polymers  
Polymer based gas sensor exhibit electrical 
conducting properties, which can be used as a sensing 
substance to detect inorganic gases (O2, N2, H2, NH3 
and Cl2)and a few kinds of VOCs like alcohol and 
formaldehyde. The detection principle of polymer 
based gas sensors is same as MOS sensor, when the 
vapor of an analyte is injected to the polymer layers, 
some of the vapor permeates into the sensing layer 
which can be created by doping a polymer film with 
highly conductive carbon-black clusters (carbon 
dopants)  causes the sensing layer to expand. The 
vapor-induced development of the polymer 
composite causes the raise in the electrical resistance 
of the polymer composite because the polymer 
expansion reduces the number of conducting 
pathways for charge carriers. According to the 
variation in resistivity, polymers used in the gas 
sensor can be extra classified in two groups, they are 
conducting polymers and non-conducting polymers.  
         
C. Electrochemical gas sensor 
Electro chemical gas sensor measures the 
concentration of a target gas by oxidizing or reducing 
the target gas at an electrode and measures the 
corresponding resultant current. The form of all 
electrochemical sensors is same but their internal 
operations are different with the sensing electrodes, 
electrolyte composition, and porosity of hydrophobic 
barriers membrane which may help to discriminate 
the sensors among them. Moreover some sensors 
require external energy to make the sensor reactive to 
the target gas. Coarse-porosity hydrophobic 
membrane can be used in low concentration gas 
sensors with higher sensitivity.  

Materi
al  

Gas tested concentr
ation 

Operating 
temperatu
re(°c) 

R
ef  

Fe2O3 H2S 8-
2000 pp
m 

- 1
3 

Ni Toluene Ppm - 1
4 

Platin
um  

Benzalde
hyde 

100ppm 50-250 1
5 

NiO Formalde
hyde, 
Ethanol, 
CO2 

50ppb, 
80ppb, 
400ppm 

1000 1
6 

Ag/A
gCl, 
polym
er 

Formalde
hyde 

Ppb 50-260 1
7 

 
The gas molecules get interacted with the sensor, first 
passed through the capillary type when it is opened 
and then disperse through the hydrophobic barrier 
which is used to filter the water molecules and allows 
only the gas molecules to react at the sensing 
electrode causes an electrical signal corresponds to 
the gas concentration. Normally, the gas molecules 
get reacts with the sensing electrode and the current 
flows between the sensing electrode and counter 
electrode the measured current is directly 
proportional to the gas concentration. When the 
sensor is used to detect the toxic gases, it requires 
constant supply of oxygen gas to prevent the 
contamination for next measurement. The limitation 
of this sensor comes in the form of pressure changes, 
while the change in the temperature and pressure 
causes damage to the sensor, and as well as it is quite 
sensitive to the temperature, makes the sensor less 
life time period. 
 
D. Carbon nanotubes 
Carbon nanotube gas sensors have can added 
advantage than metal oxide semiconductor gas sensor 
in terms of power consumption. Carbon nanotube gas 
sensors are very much sensitive even in small 
concentration of gases such as alcohol, nitrogen, 
oxygen, carbon dioxide at room temperature. The 
formation and physical properties of carbon 
nanotubes are used in the applications of nano 
electronics, multifunctional composite electronics, or 
field emission devices. 
 
The main two types of nanotube are single-walled 
carbon nanotubes (SWCNTs) and multiwall carbon 
nanotubes (MWCNTs). An SWCNT can be 
considered as a one-atom-thick layer of graphite 
rolled up into a seamless cylinder with a diameter of 
several nanometres, and length on the order of 1-100 
microns. MWCNTs has multiple layers of graphite 
wrapped up together to build a shape of tube, by 
sharing the same central axis. 
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Carbon nanotube can be used as a components for 
detecting the vapor analyte or gas, since it has high 
surface area (the adsorption of gases on the sensor 
and can increase the sensitivity of the device because 
the interaction between the analytes and the sensing 
part is higher), small size(diameter ~1-100nm), and 
hollow geometry. 
 
The gas sensing principle of carbon nanotubes based 
gas sensor is same as chemical sensor, like when the 
target gases are allow to interact with the sensing 
layer the electrical property of the detection material 
is getting changed. 
 
The Chemical modulation on the nanotube surface is 
turned out to be powerful method to influence the 
interaction strength between the NT and analyte 
molecules and thereby improve the device sensitivity 
and specificity. To improve the sensitivity and 
selectivity range of CNTs based gas sensor, several 
methods has been proposed where CNTs composite 
material can be doped with polymer coating and 
metal oxide particle at lower working temperature 
sensitive layer for SAW.  
 
Chatchawalwongchoosuk et al proposed a portable 
electronic nose based on carbon nanotube-SnO2 gas 
sensors for detection of methanol contamination in 
whiskeys. The result of their experiment shows 
higher sensitivity and selectivity to VOCs such as 
ethanol and methanol. A novel method has been 
proposed to sense an ethanol using nanofibres, the 
result shows a better response and recovery time 
towards ethanol gas.  
 
To make the CNTs as gas sensing material it require 
post treatment, for instance calcinations, annealing, 
and the use of high temperatures and techniques for 
film deposition, several characterization process are 
needed to obtain data about the size and form of the 
materials. Moreover, the purification method for 
nanotube is unreliable, the production of such sensors 
becomes a valuable operation. 
        
IV. SUMMARY 
 
From the literature survey paper, it is noted that 
mostly MOS gas sensors are preferred since it has 
large number of advantages and has the capacity to 
detect the selective VOC. At different concentration 
level the sensors can be tested. More than the humans 
the E-nose have the capacity to classify the smell of 
the alcohols.  
 
CONCLUSION 
 
Polymer related gas sensor has a limitation such as 
poor selectivity, long time instability and 
irreversibility. Carbon nanotube based sensor has a 
limitation such as lack of repeatability and designing 

steps of fabrication is more complicated and 
expensive. The limitation of MOS gas sensor is low 
selectivity but this could be overcome by designing 
an array of gas sensors with different selectivity 
pattern. In Electronic nose technology array of 
sensors are composed of MOS gas sensors to have 
better performance by evaluating the parameters such 
as sensitivity, selectivity, response time, base line 
response, recovery time, working temperature, 
fabrication cost and size. 
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