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Abstract rationale: lung cancer is a formidable disease as only
15% of lung cancer cases are diagnosed at early stage when
curative treatment is possible. screening test has been proven to
reduce mortality by 20%. my objective was to develop simplified
chemiresistor based electronic nose technology (scent) which
could detect lung cancer olfactory signals in the breath, so it
could be used as home-used lung cancer screening tool.

Methods: Research work was divided into three phases. In
phase 1, data analysis of 17 lung cancer breath analysis results
and molecular biology study confirmed alkane could serve as
lung cancer breath markers. In phase 2, tetracosane was chosen
as matrix because analytes were alkane, and carbon powder was
chosen as filler. Chemiresistor sensor was developed by pilot
experimenting on different amount of carbon powder, substrates
and deposition techniques. Breath-in apparatus was chosen from
either vitagen bottle or 500ml bottle. In phase 3, sensors were
exposed to water, different vapor concentrations of n-heptane,
2,6,6-trimethyloctane and 3-ethylhexane (which were breath
markers) as simulated breath test. SCENT had also been tested
on 2 lung cancer patients (stage Il and Ill1) and 5 healthy
volunteers.

Results: Phase 1 data analysis and molecular biology
background research showed that concentration of alkane in
cancerous breath was averagely twice that in healthy breath due
to elevated oxidative stress in cancerous cells. 100% success rate
of fabricating operative chemiresistor sensor was achieved using
printed-circuit board, 0.01g tetracosane, 0.01g carbon powder
and self-invented layer deposition technique. Vitagen bottle was
chosen as breath-in apparatus. Distinct sensor peak outputs
(ARP/Rp) were generated by e-nose when exposed to different
simulated breath and real clinical tests. Sensor was able to
perfectly differentiate lung cancer breath from healthy breath
regardless in 300 simulated tests or 7 real tests, and was not
sensitive to water vapour.

Conclusion: Infectious and non-infectious respiratory diseases
such as asthma and tuberculosis will not be detected from high
alkane concentration because their pathogeneses were not related
to oxidative stress. Differentiation of lung cancer was done by the

magnitude of percentage difference in baseline resistance after
exposure to exhaled breath. Chemiresistor sensor was cheap
(RM0.50) and could be operated by untrained personnel. Time
taken for one test was merely 3 minutes. Insensitivity of sensor
towards water meant that water vapor in breath would not affect
the result. Clinical trial with larger sample size is currently being
performed in University Malaya Medical Centre to further test
the sensitivity and specificity of using simplified e-nose to screen
for lung cancer and determine the threshold sensor peak output.

Index terms - lung cancer home-screening,
chemiresistor, simplified electronic nose, SCENT

simplified

|. INTRODUCTION

Lung cancer accounts for 1.3 million deaths annually
worldwide [1]. Lung cancer, which is the most common cancer,
yet has the lowest survival rates (16.6%) when compared to
many other leading cancer sites, such as colon (64.2%), breast
(89.2%) and prostate (99.2%) [2,3]. This is because only 15%
of lung cancer cases are diagnosed at early stage when curative
treatment is possible [2].

Screening helps detect disease in its early stages and
enables it to be treated adequately before it obtains a firm hold
on community [4]. The currently existing lung cancer screening
tool is computed tomography (CT scan) only. In 2010, the
National Lung Screening Trial (NLST) in the United States
demonstrated a 20% reduction in lung cancer mortality, after
screening high risk individuals (heavy smokers) using low dose
computed tomography (LDCT). However, major concerns with
LDCT screening were: high rate of false positive results which
was 96.4% and radiation exposure, which predictably might
cause one cancer death per 2500 people screened. Professionals
claimed that if LDCT screening was implemented more
broadly outside a trial setting, in facilities with less expertise,
the outcomes could be different [4]. Cost of CT scan is
expensive, usually $300 to $500 [6] or RM 1000 to RM 2000
[7]. Meanwhile, sputum cytology and chest radiograph are
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claimed as an ineffective means for the reliable early detection
of lung cancer [5,8].

Human breath contains more than 200 volatile organic
compounds (VOCs) and their varying compositions in breath
can indicate diseases [9]. Nitric oxide serves as marker for
asthma [10] while acetone in exhaled breath indicates
diabetes[11]. For lung cancer, researchers demonstrated
success using trained dogs in the breath diagnosis of both early
and late stage lung cancers with sensitivities and specificities
approaching 99%, providing promise for future lung cancer
breath tests [12].

Electronic noses include three major parts: a sample
delivery system, a detection system, a computing system
[13,14] and all of them can be simplified.

Electronic nose sensor can be divided into several types:
colorimetric, catalytic field-effect sensors, conducting
(polymer/metal oxides) sensors, etc. Conducting polymer are
probably the most suitable e-nose sensor types available due
low operation temperature which is at room temperature, low
power consumption, good sensitivity to a wide range of gas or
volatile analytes, and inexpensive operating costs. However, its
problem is highly sensitive to water vapor, which may affect
results when detecting volatile organic compounds in human
breath as human breath is composed mostly of water vapor,
with all other analytes existing only as minor substituents [14].
Thus, conducting polymer sensor materials is changed to
monomeric organic molecules of moderate length which is
used as matrix, mixed with carbon black or carbon particles.
They show the ability to discriminate and classify both similar
and different types of analytes, even at low concentration in air
with saturated water vapor. Furthermore, the sensors share the
advantages of conducting polymer sensor materials [15,16].

Upon exposure to an analyte, the analyte diffuses into the
monomer composite (matrix) and the matrix swells, which
causes the dispersed conductive carbon particles to move
further apart from each other. As a result, the resistance of the
chemiresistive film of sensor increases. The resistance change
is directly proportional to concentration of analytes [17].

Other problems with current e-nose technology are despite
the numerous E-nose selections commercially available in the
market, most researchers are still fabricating their own E-nose
prototypes, because of the high price of commercial E-noses
and the limitations of their methods. For example, E-noses vary
in price from US $ 10,000 to US $ 33,300 [18]. Besides, each
piece of equipment must be trained to distinguish odors. This
causes a problem of standardizing the practice between
different research centers [19].

The purpose of this study was to design a simplified
chemiresistor-based electronic nose technology (SCENT) to
detect lung cancer breath markers in the form of volatile
organic compounds for lung cancer screening. The criteria of
SCENT were sensitive, specific, cheap, non-invasive, generate
results rapidly, simple in design and untrained personnel can
operate and interpret the end result easily. This study was
divided into three phase: targeting lung cancer breath markers,
developing SCENT, and testing the SCENT.
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Il. METHODOLOGY

Phase 1: Selection of Lung Cancer Breath Markers of
Interest (Research-oriented)

Informatics approach, background research and molecular
biology background research were used to choose the best
single type of breath marker for lung cancer.

Informatics Approach

Study Materials: Breath analysis results on 752 lung cancer
patients, 31 cancerous cell lines, 957 healthy controls and 7
healthy bronchial cell lines from 17 journals [20,21,22,23,

24,25,26,27,28, 29,30,31,32,33,34,35,36]

Methods: Dataset of potential breath markers comprising
109 volatile organic compounds (VOCs) was built from 17
lung cancer and healthy breath analysis reports using Microsoft
Excel 2007. All the volatile organic compounds markers
reported were classified into classes (hydrocarbon, aldehydes,
carbinol, alcohol, ester, ether, nitrile, amines). Chemicals which
could be exogenous origin® were excluded before being
examined under selection criteria.

Selection Criteria:

o Markers must be found in more than two
reports

o Marker’s class should contain more than 15
compounds

o Marker’s concentration must elevate in lung
cancer breath

o High contrast between lung cancer breath
and healthy breath VOCs markers
concentration

(See result of informatics approach in section RESULTS
AND DISCUSSION)

Background Research

Lung cancer exhaled breath had been studied in several gas
chromatography-mass spectrometry (GC-MS) and the results
showed elevated level of alkane and monomethylated alkane
(C4-Cy0). In one study, 9 alkane compounds exhibited sufficient
sensitivity (89.6%) and specificity (82.9%) to discriminate lung
cancer patients and healthy people [24]. 22 volatile organic
compounds comprising mostly alkanes, monomethylated
alkanes and benzene derivatives could distinguish lung cancer
patients from normal people [31].

Molecular Biology Background Research

Molecular biology studies strongly suggest that the
endogenous alkanes produced as a result of lipid peroxidation
originate from the methyl end of the fatty acid administered.
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Scission of an alkane fragment extends from the methyl end of
the fatty acid to the double bond during the process of
peroxidation of polyunsaturated fatty acids. So, alkane is
produced [37,38] For example, ethane is produced from n-3
acid and propane from n-4 acid. Besides, scientists view breath
alkanes as index of lipid peroxidation [39].

Studies show that lipid peroxidation is elevated in lung
cancer patients due to oxidative stress, by indication of higher
(malondialdehyde) MDA level [40,41]. Reactive oxygen
species (ROS) radicals which initiates lipid peroxidation by
radical-chain reaction elevates as studies shown hydrogen
peroxide radicals and glutathione levels elevated in lung
tumour tissue [42,43,44].

In essence, breath alkanes increases as oxidative stress is
elevated in lung cancerous cells. Alkanes can serve as markers
for detection of lung cancer as its concentration in cancerous
breath is higher than healthy breath.

Phase 2: Design of SCENT

Selection of Sensor Materials (Research-Oriented)

As targeted marker which was alkane compounds was well-
defined, selective sensing technique which used tetracosane,
H(CH2)24H as monomer matrix or binder was chosen. Carbon
powder was the filler of chemiresistive film.

Fabrication of Sensor

Wide array of trial experiments was conducted by
combining two substrates with different mass ratio of sensor
materials and four sensor materials deposition techniques.
Success rate of fabricating sensor which showed baseline
resistance was calculated to find out the best combination of
substrate, amount of sensor materials and deposition technique.

(a) Substrate Design

Study Materials: Single-sided printed circuit board, copper
wires, soldering iron and solder

Methods: Two types of substrate (Substrate I and 1) (fig. 1)
for deposition of sensor materials were designed. Substrate |
was a single-sided printed circuit board with mounted copper
wires as electrodes. Sensor materials would be deposited in
between mounted copper wires. Substrate Il was a single-sided
printed circuit board with interdigitated built-in copper sheets
which serve as electrodes. Sensor materials would be deposited
between two copper sheets. Connecting wires were soldered to
electrodes.

Connecting

Wires
V4
Electrodes

Connecting
Wires

Electrodes

Substrate |

| Substrate Il |

Figure 1 shows Substrate | and Substrate |1

www.ijtra.com Special Issue 22 (July, 2015), PP. 84-93

Figure 1 shows substrate | (left) and substrate Il (right).
Substrate | was a single-sided printed circuit board with
copper wires as electrodes. Substrate Il was a single-sided
printed circuit board and its copper sheets as electrodes.
Connecting wires were soldered to the electrodes.

(b) Sensor Materials Deposition Technique
Technique 1 (Drop Casting Technique) [45]:

Study Materials: Tetracosane, Carbon powder, bis(2-
ethylhexyl) phthalate, Cyclohexene

Methods: 0.06g tetracosane, carbon powder and 0.02g
bis(2-ethylhexyl) phthalate were mixed with 2ml cyclohexene
liquid. Then, 0.5ml solution was dropped between two
electrodes of printed circuit board using a syringe. The
substrate was heated at 85 °C for 2 hours. The connecting wires
were connected to digital multimeter to measure the sensor
film’s baseline resistance. 400 pilot experiments were carried
out using 0.01g, 0.02g, 0.03g, 0.04g, 0.06g, 0.09g and 0.12g
carbon powder.

Technique 2 (Dip coating Technique) [46]:

Study Materials: Tetracosane, Carbon powder, bis(2-
ethylhexyl) phthalate, Cyclohexene

Methods: 3.00g tetracosane, carbon powder and 1.00g
bis(2-ethylhexyl)  phthalate were mixed with 100ml
cyclohexene liquid in a beaker. The substrate was dipped into
the solution for 20 minutes. Substrate was then heated at 85 °C
for 2 hours. The connecting wires were connected to digital
multimeter to measure the sensor film’s baseline resistance.
400 pilot experiments were carried out using 0.50g, 0.75g,
1.00g, 1.50g, 2.00g, 3.00g and 6.00g carbon powder.

Technique 3 (Self-invented technique):

Study Materials: Tetracosane, Carbon powder,
ethylhexyl) phthalate

bis(2-

Methods: 0.01g of tetracosane, carbon powder with 0.02g
of bis(2-ethylhexyl) phthalate was mixed in a beaker. The
mixture clump was placed between two electrodes of substrate
within the area of 10mm x 5mm. Then, the substrate was
heated at 110 °C for 30 seconds. The connecting wires were
connected to digital multimeter to measure the sensor film’s
baseline resistance. 200 pilot experiments were carried out
using 0.01g and 0.02g carbon powder.

Technique 4 (Layer Deposition Technique):

Study Materials: Tetracosane, Carbon powder
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Methods: 0.01g tetracosane was placed between the copper
strips of substrate within the area of 10mm x 5mm. Next, the
substrate was heated at 110 °C for 30 seconds. Then, carbon
powder was spread atop the tetracosane film on the substrate
using spatula. The substrate was heated again at 110 °C for 30
seconds. The connecting wires were connected to digital
multimeter to measure the sensor film’s baseline resistance.
200 pilot experiments were carried out using 0.01g and 0.02g
carbon powder.

I11. Design of Breath-in Apparatus

Study Materials: Plastic bottle (500ml), empty vitagen
bottle and sensor

Methods: Two breath-in apparatuses were designed.
Apparatus | (fig. 2) was built by adhering sensor to a plastic
bottle. Apparatus Il (fig. 3) was built by adhering sensor at the
base of vitagen bottle and a straw fixed at the mouthpiece of
bottle.

500ml
Plastic
Bottle

Sensor Electrodes

Figure 2 shows a 500ml plastic bottle with sensor inserted at the base
(top)

Vitagen

Bottle [

’I' " ruRED MLk DR = S
Electrode

Vita =
Sensor \;ﬁf' v

Figure 3 shows vitagen bottle with sensor adhered to the
base inside (bottom).
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Best breath-in apparatus was selected based on the sensor
response when simulated lung cancer and healthy breath were
injected into the bottle.
Phase 3: Performance of SCENT

Data Collection and Interpretation Technigue

Digital multimeter was connected to copper wires which
were soldered to electrodes of chemiresistor. Resistance value
shown by multimeter before sensor exposes to analytes is
baseline resistance. After exposing to breath, the resistance
value shown in multimeter will be recorded every 10 seconds.
Recorded sensor response will be interpreted using formulae
(Equation 1 and 2):

Sensor typical response = AR/Rp Q)
where Ry, is the baseline resistance of sensor in the absence
of analyte and AR is the baseline-corrected steady-state
resistance change of sensor upon exposure of the sensor to
analyte;

Sensor peak output = ARp/Rp (2

where ARy is the change in value between peak resistance
and baseline resistance Rp.

Simulated Breath Test

Study Material:
ethylhexane

n-Heptanes, 2,6,6-trimethyloctane, 3-

Methods: Simulated breath of lung cancer and normal
breath was prepared by diluting heptanes vapor in static
dilution bottle (2L) until it reached desired concentration. The
heptanes vapor concentration in simulated lung cancer breath
was 15.0 x 10"22M while 9 x 102M in healthy breath. Then,
simulated breath was injected into the breath-in apparatus with
syringe to imitate subjects breathing into the apparatus. The
sensor was connected to multimeter to measure its resistance
before and during gas injection. The procedures were repeated
with  2,6,6-trimethyloctane and 3-ethylhexane to replace
heptane.

100 sensors were tested on each type of alkane vapour (50

sensors tested on simulated healthy breath, other 50 on
simulated cancerous breath).
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Figure 4 shows simulated breath prepared by diluting in
static dilution bottle was injected into the breath-in apparatus
which contained sensor by syringe.

Water Test

Study Materials: Water

Methods: Three drops of water were dropped onto the
sensor. The sensor was connected to multimeter to measure its
resistance before and after water dropping. 500 sensors were
tested.

Real Breath Test
Study Group: 2 lung cancer patients and 5 healthy non-
smoker volunteers. All of the subjects had been confirmed with

or without disease with CT scan.

Table 1 shows demography of subjects participated in real
breath test study

Subjects | Age | Gender | Stage  of | Cigarettes
Lung smoked per
Cancer day
Patient 1 48 M ] 4
Patient2 | 56 M 1] 3
Volunteer 1 | 38 F - 0
Volunteer 2 | 25 M - 0
Volunteer 3 | 54 F - 0
Volunteer4 | 44 M - 0
Volunteer5 | 45 M - 0

Methods: Subjects exhaled into the breath-in apparatus
containing sensor for 6 minutes. The sensor was connected to
multimeter and resistance values shown were recorded each 10
seconds interval. The tests were conducted by the subjects
themselves under supervision to investigate if untrained
personnel could conduct the test by following instructions.
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IV. RESULTS AND DISCUSSION

From informatics approach, alkane compounds were found
to be the best markers as they met all the criteria and overall,
26 in 29 alkane compounds (90%) were elevated in lung cancer
breath compared to healthy breath. Concentration of alkanes in
cancerous breath was averagely twice that in healthy breath.
Background research and molecular biology background
research were carried out because many breath analysis results
didn't measure and compare the concentration of breath
analytes.

Elevated alkane concentration would not be detected in
long-term degenerative respiratory diseases such as asthma,
bronchitis, emphysema, bacterial infection such as tuberculosis
and hereditary pulmonary disorders such as cystic fibrosis and
primary ciliary dyskinesia because their pathogeneses are not
related to oxidative stress.

Tetracosane was chosen as matrix as it had remarkably high
solubility and affinity towards alkane compounds due to
structural similarities [47]. It had also been used as sensor
materials in 3 electronic nose studies regarding alkane
detection [15,48,49]. Carbon was selected as filler as it was
transducing ingredient which conducts electricity and shows
resistance. It is cheap and environmental-friendly. It has been
used as fillers in several carbon-black electronic nose studies
[17,50,51,52,53].

Selective sensing technique was chosen over cross-sensing
array technique. Selective sensing employs a highly selective
receptor/detector that is designed to specifically bind to or
detect an analyte of interest. This approach was suitable for this
study as target analyte was well-defined, which is alkane.
(alkane in this study) This technique allowed chemiresistor
sensor to distinguish healthy and cancerous breath without
pattern recognition algorithms. Analog-to-digital converter
card, data logging software and laptop could be simplified to
digital multimeter to measure the resistance of sensor. This
made untrained personnel able to operate the SCENT system
and interpret the end result easily.

Table 2 shows the result of 800 pilot experiments on two
substrates and four deposition techniques. Substrate Il (printed
circuit board) combined with layer depositing technique and
0.01g carbon powder had achieved 100% success rate of
fabricating chemiresistor sensor which showed baseline
resistance. Besides, its baseline resistance fell between 100 Q
and 600 Q, making it easy to be measured with common digital
multimeter.

Table 2 shows the success rate of fabricating chemiresistor
which could operate by showing baseline resistance. 50 out of
50 chemiresistor (not shown in table) made by substrate II,
technique 4 and 0.01g carbon powder could produce baseline
resistance.

Technique | Technique | Technique | Technique

1 2 3 4
Substrate | 12/200 7/200 5/100 36/100
Substrate 19/200 11/200 13/100 86/100
]
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Substrate | could not work because sensor materials
deposited was unable to contact with mounted electrodes,
resulting in open circuit. Besides, the distance between
electrodes was 4mm, which was too large, might cause
chemiresistive film’s resistance become too big until it was
immeasurable by multimeter. Substrate Il with built-in
electrodes in printed circuit board solved these problems. Its
laminated copper sheets electrodes ensured its contact with
chemiresistive film while distance between two adjacent
electrodes was <lmm, ensuring the chemiresistive film’s
resistance was low enough to be within the measurable range of
multimeter. Substrate Il was simpler in design.

Layer depositing technique (Method 4) deposited 0.01g
tetracosane by melting it on the substrate and lay 0.01g carbon
powder atop it so carbon powder will mix with the tetracosane
liquid, producing chemiresistive film. The advantages were
requiring no usage of organic solvent for deposition and low
production cost. It was more environmental-friendly and only
required 3 minutes to produce a sensor.

Vitagen bottle was chosen over 500ml plastic bottle as
breath-in apparatus because sensor at the base of bottle could
not detect low concentration of analytes (10> M) in bottle’s
voluminous space. Vitagen bottle was much smaller in size so
it could concentrate the analytes for detection. It was cheap and
disposable too.

Simplified chemiresistor-based electronic nose technology
(SCENT) (fig. 5) comprised digital multimeter, a sensor (fig.6)
and a breath-in apparatus. The breath-in apparatus consists of
straw and vitagen bottle. Sensor is adhered to the base of
vitagen bottle.

Digital Multimeter

i Breath-in
Apparatus

Figure 5 shows simplified chemiresistor-based electronic
nose technology (SCENT).
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Substrate

Figure 0 shows a fabricated sensor.

Figure 7 shows the sensor peak outputs when 300 sensors
were exposed to simulated healthy as well as lung cancer
breath. It showed that sensor generated higher sensor peak
outputs (between 0.11% and 0.21%). when exposed to
simulated lung cancer breath than that to simulated healthy
breath (between 0.00% and 0.10%). In addition, Figure 8
demonstrates that sensors showed no response towards water,
denoting near 100% of humidity in breath would not induce
sensor’s response. Out of 500 sensors, only 8 sensors which
believed were faulty (1.6%) showed response to water. The
current limitations of research were characteristic of sensor
such as limit of detection, detecting power of sensor under
humidity environment and exposure to other alkane compounds
as well as interfering volatile organic compounds had not been
studied.

Sensor Response on Simulated Breath Test

0.30%

# Simulated cancerous n-
Heptane

A Simulated cancerous 2,6,6-
trimethyloctane

i # Simulated cancerous 3-
s ethylhexane
: X
x e X 4 ) G y ¥ Simulated Healthy Breath with
® ¥ oy Ky K fy ¢
& 005% AL 4 * 3-ethylhexane
-
8 .
E  000% LA RO IO S Y Simulated Healthy Breath with
b n-heptane
0 10 20 30 40 50
-0.05% i Simulated Healthy Breath with
i 2.6,6-trimethyloctane
0.10%
Prototypes
Figure 7 shows sensor peak output of SCENT when itwas exposed to sivulated lung cancer and healthy breath. Iung cancer breath induced greater

vesistance change when conpared to healthy breath, as famed By the vectangular box.
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Figure 6 shows the sensor did not experience resistance
change even though water drops were dropped on top of sensor
materials.

Figure 9 demonstrates the power of SCENT to perfectly
distinguish lung cancer patients from healthy people. However,
the threshold sensor output values could not be determined
because it ranged from 0.77% to 1.24%.

SENSOR PEAK OUTPUT / %

Rea

1.0

N >0.77
0.5 ° Sens: 100.0
o Spec: 100.0
Real
"o
0 1
DIAGNOSIS

Figure 7 shows that the sensor peak output of SCENT
towards lung cancer breath is higher than that towards healthy
breath.

Figure 10 shows difference of SCENT sensor typical
responses towards cancerous and healthy breath; in which
healthy breath generated lower magnitude of sensor’s
resistance change. Sensor responded quickly by just a few
seconds to detect lung cancer. Comparing simulated and real
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breath results, it was demonstrated that sensor peak outputs in
real breath test were higher than that in simulated breath test
because there were more alkane compounds in exhaled breath.

After the subjects stopped exhaling, the resistance of
chemiresistors fell back to baseline resistance and underwent
fluctuations of average *0.31%. The mean sensor peak
responses towards real healthy breath was 0.62% whereas its
standard error 0.1378%. Addition of fluctuation error and twice
the standard error gave a total error of +0.5756%. Mean sensor
peak responses towards real lung cancer breath was 1.7%,
which was significant as the mean value was far beyond the
range of total error. In other words, it was not generated by
random or due to fluctuation.

V. CONCLUSION

This research achieved two things: simplification of
electronic nose and detection of lung cancer using simplified
electronic nose.

Phase one had demonstrated that lung cancer breath
contains a higher level of light-chained monomethylated
alkanes due to elevated oxidative stress. This means that other
long-term degenerative respiratory diseases, bacterial infection
and hereditary pulmonary disorders will not affect the result.
Alkanes could be an accurate indicator for lung cancer.

In phase two and three, more than 1000 trials had proven
that simplified chemiresistor could function like normal
electronic nose, which generate different electrical signal
against different concentration of analytes. Chemiresistive film
of SCENT which had high affinity for alkane compounds
would experience greater resistance change when exposed to
lung cancer breath. There was distinct difference between
sensor responses towards lung cancer breath and healthy
breath.

Simplified ~ Chemiresistor-based Electronic ~ Nose
Technology (SCENT) comprised vitagen bottle as sampling
system, printed circuit board, tetracosane and carbon powder as
sensor set and digital multimeter as analog-to-digital signals
apparatus. Computational data processing was replaced using
simple calculation of sensor peak output:

Sensor Peak Output = ARp/Ro

where AR, was the change in value between peak resistance
(greatest resistance of chemiresistive film upon exposure to
breath) and baseline resistance Rp. Each test consumed one
sensor.

During the fabrication process, new deposition technique
was invented. SCENT tool does not require trained personnel
for operation and result interpretation and is disposable. The

90|Page


http://www.ijtra.com/

International Journal of Technical Research and Applications e-ISSN: 2320-8163,

entire system costs about RM 60.00, which is 2500 times
cheaper than current electronic nose system ($5000).

Under trials involving small number of participants (n=7),
SCENT is able to perfectly differentiate 2 lung cancer patients
(stage Il and stage IllI) and 5 healthy volunteers. Although
further research with larger sample size is required, SCENT has
demonstrated its potential to revolutionize lung cancer
screening. It costs RM 0.50 for each test which is 200 times
cheaper than one computed tomography (CT scan) [6,7]. Each
test takes less than 10 minutes to generate result, which is 6
times faster than CT scan [54]. Besides, subjects can receive
end result immediately, unlike CT scanning, people need a few
hours or days to receive screening result.

However, only seven human subjects were included in this
study, which was statistically too small to determine the
SCENT’s threshold value to screen for lung cancer. Sample
size between 30 and 500 were therefore required for further
clinical research of SCENT sensitivity and specificity as well
as threshold sensor peak output value which separate lung
cancer patients group from healthy group.

By changing sensor materials, SCENT can perform test in
other field such as disease diagnosing, food processing and
monitoring as well as environmental pollutants detection. It
addresses the major electronic nose problem which is each
piece of equipment must be trained to distinguish odour,
resulting in problem of standardizing the practice between
different centers or factories.

VI. ACKNOWLEDGMENT

I would like to thank Dr. Kim Shyong Siow and Dr. Azrul
Azlan from Institute of Microengineering and Nanoelectronics
(IMEN) of University Kebangsaan Malaysia for guiding me
and mentoring me on planning methodology, searching
information, bolstering my spirit to continue my research
though I met many difficulties when fabricating sensors.

I would like to thank Dr. Hoi Siew Kit from National
University of Singapore (NUS) for giving insightful remarks on
improving the overall performances of SCENT and research
work. | also appreciated help from Mr. Leaw Ah See for letting
me access to school chemistry lab to fabricate sensors and
develop SCENT. I would thank Prof. Liam Chong Kin as well
as Dr. Tan profusely for willingly helping me conduct SCENT
lung cancer screening trials in University Malaya Medical
Centre and guiding me on criteria taken in real breath test. At
last, I would thank my parents and teachers for giving financial
support, helping me search aid from professionals and give
advice on improvements of my paper.

REFERENCES

[1] Celine Mascaux, Nir Peled, Kavita Garg, Yasufumi Kato,
Murry W Wynes, Fred R Hirsch, et. al. , " Early detection
and screening of lung cancer" 2010; 10(6):799-815.

www.ijtra.com Special Issue 22 (July, 2015), PP. 84-93

[2] http:/immww.lung.org/lung-disease/lung-
cancer/resources/facts-figures/lung-cancer-fact-sheet.html,
assessed on 15th May 2014

[3] www.cancerresearchuk.org/cancer-help/type/lung-
cancer/about/lung-cancer-screening, assessed on 14th May
2014

[4] J. M. G. Wilson, G. Jungner, "Principles and practice of
screening for disease", Public Health Paper No.34, World
Health Organisation

[5] Screening Section, Department of Health and Ageing,
"Lung cancer screening: overview of the evidence and
issue", May 2013

[6] http://mww.lung.org/lung-disease/lung-cancer/lung-
cancer-screening-guidelines/lung-cancer-screening-for-
patients.pdf, accessed on 14 May 2014

[7] http://www.ipohecho.com.my/v2/2013/03/01/cancer-need-
not-be-a-death-sentence-if-detected-early/ , accessed on 14
May 2014

[8] D.R. Sanderson, J. R. Jett, "Lung cancer: the American
view", Eur RespirJ, 1989,2,1002-1007

[9] Pauling L, Robinson AB, Teranishi R, Cary P.
"Quantitative analysis of urine vapor and breath by gas-
liquid partition chromatography". Proc Natl Acad Sci U S
A.1971;68:2374-2376.

[10] http://lwww.asthma.partners.org/newfiles/MassaroExhaled
NOMarker.html, accessed on 15 May 2014

[11] Marco Righettoni, Antonio Tricoli, and Sotiris E. Pratsinis,
"Si:WO3 sensors for highly selective detection of Acetone
for easy diagnosis of diabetes by breath analysis" Anal.
Chem. 2010, 82, 35813587

[12]Kelly M Paschke, Alguam Mashir, and Raed A Dweik,
"Clinical applications of breath testing", F1000 Med Rep,
2010; 2: 56.

[13] Alphus D. Wilson ,and Manuela Baietto, "Applications
and advances in electronic-nose technologies”, Sensors
2009, 9, 5099-5148; doi:10.3390/s90705099

[14] Alphus D. Wilson and Manuela Baietto, "Applications and
advances in electronic-nose technologies” Sensors 2009, 9,
5099-5148; doi:10.3390/s90705099

[15] Anna Folinsky, "Lung cancer detection using an electronic
nose" , California Institute of Technology, March 10, 2005

[16]Burl, M. C.; Sisk, B. C.; Vaid, T. P.; Lewis, N. S.,
"Classification performance of carbon black-polymer
composite vapor detector arrays as a function of array size
and detector composition" Sensors and Actuators B-
Chemical, 2002, 87(1), 130-149.

[17]Hua Lei, William G Pitt, Lucas K McGrath and Clifford K
Ho, " Modeling carbon-black/polymer composite sensors",
Sensors and Actuators B Chemical (Impact Factor: 3.54).
08/2007; 125(2):396-407.

[18] Mazlina Mamat, Salina Abdul Samad, and Mahammad A.
Hannan , "An Electronic Nose for Reliable Measurement
and Correct Classification of Beverages”, Sensors
(Basel). 2011;11(6):6435-53.

[19] http://www.sciencedaily.com/releases/2013/09/130909092
455.htm, accessed on 10 October 2013

91|Page


http://www.ijtra.com/
http://www.ncbi.nlm.nih.gov/pubmed/22163964
http://www.ncbi.nlm.nih.gov/pubmed/22163964

International Journal of Technical Research and Applications e-ISSN: 2320-8163,

[20] O'Neill HJ, Gordon SM, O'Neill MH, Gibbons RD, Szidon
JP, "A computerized classification technique for screening
for the presence of breath biomarkers in lung cancer”, Clin
Chem. 1988, Aug;34(8): 1613-8.

[21] Orna Barash, Nir Peled, Ulrike Tisch, Paul A Bunn, Fred
R Hirsch, Hossam Haick, "Classification of lung cancer
histology by gold nanoparticle sensors”, Nanomedicine:
nanotechnology, biology, and medicine (Impact Factor:
6.93). 10/2011; 8(5):580-9.
DOI:10.1016/j.nan0.2011.10.001

[22] Filipiak W1, Sponring A, Mikoviny T, Ager C, Schubert J,
Miekisch W, Amann A, Troppmair J., "Release of volatile
organic compounds from the lung cancer cell line NCI-
H2087 in vitro", Cancer Cell Int. 2008 Nov 24;8:17. doi:
10.1186/1475-2867-8-17.

[23] Mazzone, Peter J., "Analysis of Volatile Organic
Compounds in the Exhaled Breath for the Diagnosis of
Lung Cancer”, Journal of Thoracic Oncology: July 2008 -
Volume 3 - Issue 7 - pp 774-780

[24] Phillips M, Cataneo RN, Cummin AR, Gagliardi AJ,
Gleeson K, Greenberg J, Maxfield RA, Rom WN., Chest.
2003 Jun;123(6):2115-23.

[25] Filipiak W1, Sponring A, Filipiak A, Ager C, Schubert J,
Miekisch W, Amann A, Troppmair J., Cancer Epidemiol
Biomarkers  Prev. 2010 Jan;19(1):182-95.  doi:
10.1158/1055-9965.EP1-09-0162.

[26] Peng G, Trock E, Haick H., " Detecting simulated patterns
of lung cancer biomarkers by random network of single-
walled carbon nanotubes coated with nonpolymeric
organic materials”, Nano Lett. 2008 Nov;8(11):3631-5.
doi: 10.1021/nl801577u. Epub 2008 Oct 8.

[27]Chen X, Xu F, Wang Y, Pan Y, Lu D, Wang P, Ying K,
Chen E, Zhang W., "A study of the volatile organic
compounds exhaled by lung cancer cells in vitro for breath
diagnosis." Cancer. 2007 Aug 15;110(4):835-44.

[28] Buszewski B, Ulanowska A, Kowalkowski T, Cieslinski
K., "Investigation of lung cancer biomarkers by
hyphenated separation techniques and chemometrics." Clin
Chem Lab Med. 2011 Oct 28;50(3):573-81. doi:
10.1515/CCLM.2011.769.

[29] Gang Peng, Ulrike Tisch, Orna Adams, Meggie Hakim,
Nisrean Shehada, Yoav Y Broza, Salem Billan, Roxolyana
Abdah-Bortnyak, Abraham Kuten, Hossam Haick,
"Diagnosing lung cancer in exhaled breath using gold
nanoparticles” Nature Nanotechnology (Impact Factor:
31.17). 10/2009; 4(10):669-73.

[30] Barash O, Peled N, Hirsch FR, Haick H, "Sniffing the
unique "odor print" of non-small-cell lung cancer with
gold nanoparticles." Small. 2009 Nov;5(22):2618-24. doi:
10.1002/smll.200900937.

[31] Phillips M, Gleeson K, Hughes JM, Greenberg J, Cataneo
RN, Baker L, McVay WP., "Volatile organic compounds
in breath as markers of lung cancer: a cross-sectional
study." Lancet. 1999 Jun 5;353(9168):1930-3.

[32] Machado RF, Laskowski D, Deffenderfer O, Burch T,
Zheng S, Mazzone PJ, Mekhail T, Jennings C, Stoller JK,

www.ijtra.com Special Issue 22 (July, 2015), PP. 84-93

Pyle J, Duncan J, Dweik RA, Erzurum SC., "Detection of
lung cancer by sensor array analyses of exhaled breath.”
Am J Respir Crit Care Med. 2005 Jun 1;171(11):1286-91.
Epub 2005 Mar 4.

[33]Poli D, Goldoni M, Caglieri A, Ceresa G, Acampa O,
Carbognani P, Rusca M, Corradi M., "Breath analysis in
non small cell lung cancer patients after surgical tumour
resection." Acta Biomed. 2008;79 Suppl 1:64-72.

[34] Poli D1, Goldoni M, Corradi M, Acampa O, Carbognani P,
Internullo E, Casalini A, Mutti A., J Chromatogr B Analyt
Technol Biomed Life Sci. 2010 Oct 1;878(27):2643-51.
doi: 10.1016/j.jchromb.2010.01.022. Epub 2010 Jan 25.

[35] Diana Poli, Paolo Carbognani, Massimo Corradi, Matteo
Goldoni, Olga Acampa, Bruno Balbi, Luca Bianchi,
Michele Rusca, Antonio Mutti, "Exhaled volatile organic
compounds in patients with non-small cell lung cancer:
cross sectional and nested short-term follow-up study”
Respiratory Research July 2005, 6:71

[36] Amel Bajtarevic, Clemens Ager, Martin Pienz, Martin
Klieber, Konrad Schwarz, Magdalena Ligor, Tomasz
Ligor, Wojciech Filipiak, Hubert Denz, Michael Fiegl,
Wolfgang Hilbe, Wolfgang Weiss, Peter Lukas, Herbert
Jamnig, Martin Hack, Alfred Haidenberger, Bogustaw
Buszewski, Wolfram Miekisch, Jochen Schubert and
Anton Amann, "Noninvasive detection of lung cancer by
analysis of exhaled breath” BMC Cancer 2009, 9:348

[37]Kivits GA, Ganguli-Swarttouw MA, Christ EJ. "The
composition of alkanes in exhaled air of rats as a result of
lipid peroxidation in vivo. Effects of dietary fatty acids,
vitamin E and selenium." Biochim Biophys Acta. 1981
Sep 24;665(3):559-70.

[38] Jeejeebhoy KN. "In vivo breath alkane as an index of lipid
peroxidation." Free Radic Biol Med. 1991;10(3-4):191-3.

[39] Paolo Paredi, Sergei A. Kharitonov, Peter J. Barnes,
Measurement of exhaled hydrocarbons", Human Airway
Inflammation Methods in Molecular Medicine Volume
56, 2001, pp 109-118

[40] Esme H, Cemek M, Sezer M, Saglam H, Demir A, Melek
H, and Unlu M. " High levels of oxidative stress in patients
with advanced lung cancer." Respirology. 2008
Jan;13(1):112-6. doi: 10.1111/j.1440-1843.2007.01212.x.

[41] Peddireddy V, Siva Prasad B, Gundimeda SD, Penagaluru
PR, Mundluru HP. " Assessment of 8-oxo-7, 8-dihydro-2'-
deoxyguanosine and malondialdehyde levels as oxidative
stress markers and antioxidant status in non-small cell lung
cancer."  Biomarkers. 2012  May;17(3):261-8.  doi:
10.3109/1354750X.2012.664169. Epub 2012 Mar 8.

[42] Zieba M, Nowak D, Suwalski M, Piasecka G, Grzelewska-
Rzymowska |, Tyminska K, Kroczynska-Bednarek and
J, Kwiatkowska S., Monaldi, Enhanced lipid
peroxidation in cancer tissue homogenates in non-small
cell lung cancer." Arch Chest Dis. 2001 Apr;56(2):110-4.

[43] M. Zieba, M. Suwalski, S. Kwiatkowska, G. Piasecka, I.
Grzelewska-Rzymowska,R. Stolarek and D. Nowak,
'‘Comparison of hydrogen peroxide generation and the
content of lipid peroxidation products in lung cancer tissue

92|Page


http://www.ijtra.com/
http://www.ncbi.nlm.nih.gov/pubmed?term=Jeejeebhoy%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=1864524
http://www.ncbi.nlm.nih.gov/pubmed/1864524
http://www.ncbi.nlm.nih.gov/pubmed?term=Esme%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18197920
http://www.ncbi.nlm.nih.gov/pubmed?term=Cemek%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18197920
http://www.ncbi.nlm.nih.gov/pubmed?term=Sezer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18197920
http://www.ncbi.nlm.nih.gov/pubmed?term=Saglam%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18197920
http://www.ncbi.nlm.nih.gov/pubmed?term=Demir%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18197920
http://www.ncbi.nlm.nih.gov/pubmed?term=Melek%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18197920
http://www.ncbi.nlm.nih.gov/pubmed?term=Melek%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18197920
http://www.ncbi.nlm.nih.gov/pubmed?term=Unlu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18197920
http://www.ncbi.nlm.nih.gov/pubmed/18197920
http://www.ncbi.nlm.nih.gov/pubmed?term=Peddireddy%20V%5BAuthor%5D&cauthor=true&cauthor_uid=22397584
http://www.ncbi.nlm.nih.gov/pubmed?term=Siva%20Prasad%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22397584
http://www.ncbi.nlm.nih.gov/pubmed?term=Gundimeda%20SD%5BAuthor%5D&cauthor=true&cauthor_uid=22397584
http://www.ncbi.nlm.nih.gov/pubmed?term=Penagaluru%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=22397584
http://www.ncbi.nlm.nih.gov/pubmed?term=Penagaluru%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=22397584
http://www.ncbi.nlm.nih.gov/pubmed?term=Mundluru%20HP%5BAuthor%5D&cauthor=true&cauthor_uid=22397584
http://www.ncbi.nlm.nih.gov/pubmed/22397584
http://www.ncbi.nlm.nih.gov/pubmed?term=Nowak%20D%5BAuthor%5D&cauthor=true&cauthor_uid=11499296
http://www.ncbi.nlm.nih.gov/pubmed?term=Suwalski%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11499296
http://www.ncbi.nlm.nih.gov/pubmed?term=Piasecka%20G%5BAuthor%5D&cauthor=true&cauthor_uid=11499296
http://www.ncbi.nlm.nih.gov/pubmed?term=Grzelewska-Rzymowska%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11499296
http://www.ncbi.nlm.nih.gov/pubmed?term=Grzelewska-Rzymowska%20I%5BAuthor%5D&cauthor=true&cauthor_uid=11499296
http://www.ncbi.nlm.nih.gov/pubmed?term=Tymi%C5%84ska%20K%5BAuthor%5D&cauthor=true&cauthor_uid=11499296
http://www.ncbi.nlm.nih.gov/pubmed?term=Kroczy%C5%84ska-Bednarek%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11499296
http://www.ncbi.nlm.nih.gov/pubmed?term=Kroczy%C5%84ska-Bednarek%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11499296
http://www.ncbi.nlm.nih.gov/pubmed?term=Kwiatkowska%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11499296
http://www.ncbi.nlm.nih.gov/pubmed/11499296
http://www.ncbi.nlm.nih.gov/pubmed/11499296
http://www.ncbi.nlm.nih.gov/pubmed/11499296
http://www.sciencedirect.com/science/article/pii/S0954611100908254
http://www.sciencedirect.com/science/article/pii/S0954611100908254
http://www.sciencedirect.com/science/article/pii/S0954611100908254
http://www.sciencedirect.com/science/article/pii/S0954611100908254
http://www.sciencedirect.com/science/article/pii/S0954611100908254
http://www.sciencedirect.com/science/article/pii/S0954611100908254
http://www.sciencedirect.com/science/article/pii/S0954611100908254

International Journal of Technical Research and Applications e-ISSN: 2320-8163,

and pulmonary parenchyma" Respiratory Medicine
Volume 94, Issue 8, August 2000, Pages 800—-805

[44] Blair _SL, Heerdt P, Sachar S, Abolhoda A, Hochwald
S, Cheng H,and Burt M., " Glutathione metabolism in
patients with non-small cell lung cancers." Cancer
Res. 1997 Jan 1;57(1):152-5.

[45] http://materialsworld.utep.edu/Modules/Smart%20Sensors/
Make%20Y our%200wn%20Electronic%20Nose/make%?2
Oyour%20o0wn%20electronic%20nose.htm , accessed on 6
November 2013

[46]J. Puetz and M. A. Aegerter Sol-Gel Technologies for
Glass Producers and Users, 2004, pp 37-48

[47] http://www.newton.dep.anl.gov/askasci/chem03/chem033
48.htm, assessed on 4 October 2013

[48] Marc D. Woodka, "Increased Classification Rates of
Chemical Vapor Detectors Using Novel Sensor Types and
Optimized Sensing Geometries”, California Institute of
Technology Pasadena, California ,September 11, 2008

[49]S. Chatterjee, M. Castroa and J. F. Feller, J. Mater., " An
e-nose made of carbon nanotube based quantum resistive
sensors for the detection of eighteen polar/nonpolar VOC

www.ijtra.com Special Issue 22 (July, 2015), PP. 84-93

biomarkers of lung cancer" Journal of Materials Chemistry
B., 2013, 1, 4563

[50] Fauzan Khairi Che Harun, Andik Marwintan Jumadi,
Nasrul Humaimi Mahmood, International Journal of
Scientific & Engineering Research Volume 2, Issue 11,
November-2011, ISSN 2229-5518

[51]M.A. Ryan, A.\V. Shevade, H. Zhou, and M.L. Homer

"Polymer—Carbon Black Composite Sensors in an
Electronic Nose for Air-Quality Monitoring™
[52]1D. Rivera, M.K. Alam, C.E. Davis, C.K. Ho, '

Characterization of the ability of polymeric chemiresistor
arrays to quantitate trichloroethylene using partial least
squares (PLS): effects of experimental design, humidity,
and temperature” Sensors and Actuators B 92 (2003) 110-
120

[53] http://mmww.rsc.org/chemistryworld/2013/08/putting-
pencil-paper-make-gas-sensors, accessed on 12 November
2013

[54] http:/iwww.ask.com/question/how-long-does-it-take-to-
get-ct-scan-results, accessed on 14 May 2014

93|Page


http://www.ijtra.com/
http://www.sciencedirect.com/science/journal/09546111/94/8
http://www.ncbi.nlm.nih.gov/pubmed?term=Blair%20SL%5BAuthor%5D&cauthor=true&cauthor_uid=8988057
http://www.ncbi.nlm.nih.gov/pubmed?term=Heerdt%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8988057
http://www.ncbi.nlm.nih.gov/pubmed?term=Sachar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8988057
http://www.ncbi.nlm.nih.gov/pubmed?term=Abolhoda%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8988057
http://www.ncbi.nlm.nih.gov/pubmed?term=Hochwald%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8988057
http://www.ncbi.nlm.nih.gov/pubmed?term=Hochwald%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8988057
http://www.ncbi.nlm.nih.gov/pubmed?term=Cheng%20H%5BAuthor%5D&cauthor=true&cauthor_uid=8988057
http://www.ncbi.nlm.nih.gov/pubmed?term=Burt%20M%5BAuthor%5D&cauthor=true&cauthor_uid=8988057
http://www.ncbi.nlm.nih.gov/pubmed/8988057
http://www.ncbi.nlm.nih.gov/pubmed/8988057
http://link.springer.com/search?facet-author=%22J.+Puetz%22
http://link.springer.com/search?facet-author=%22M.+A.+Aegerter%22
http://link.springer.com/book/10.1007/978-0-387-88953-5
http://link.springer.com/book/10.1007/978-0-387-88953-5

