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VOLATILE ORGANIC COMPOUNDS
(VOCs)

Volatile Organic Compounds are carbon based chemicals that easily evaporate at room temperature

We release VOCs from our body into the atmosphere

v

VOCs reflect the composition of the inside chemistry of the body

Pathologies produce VOCs that quantitatively and qualitatively different from those
released by healthy subject

-

Organic Volatile Constituents of biological bodies contain clinically meaningful
information for the recognition of metabolic disorders in individuals
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ELECTRONIC NOSE

-Array of chemical sensors for
VOCs detection and an
algorithm for pattern
recognition

-Each sensor senses more
compounds and each
compound is sensed by
more sensors.

COMPOSITION:
8 QUARTZ microbalance sensors
Thin layer of METALLOPORPHYRINS for chemical sensitivity




WHY QUARTZ? A Y
° @0 99 0 2 —.ép
/ — &K OO O— —6X 00X O—
\ \ 0@ ©€ / \ 0@ ©Q /
o6 e [ @6 96 96
: @K POKPOKP>X | G HOOKOOLO>X
908 98 ¥ 0.6 9.8 ©e
_eKosa- | _28L8
Se we R
/_ /i\ /¢\
Reticulum at rest Deformed reticulum

Quartz is a PIEZOELECTRIC MATERIAL:

 if an electric potential difference is applied
it changes dimensions

e conversely, a deformation of its structure
(applied pressure) will generate a measurable
voltage

Quartz oscillation frequency is extremely
sensible toward mass changes.

Through piezoelectric effect the property of a crystalline quartz can be interfaced
with an electric circuit




QUARTZ MICRO BALANCE

FOUNDAMENTAL FREQUENCY

f — & ﬁ —d d: thickness of the layern
0 A 2 v,: speed of sound
0 (3750 m/s in quartz)
v
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= h=04

Fundamental frequency of a
system is the lowest frequency
of a periodic waveform

SAUERBREY EQUATION
Area between
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Af _ 2f0 o A electrodes
A S| m,: Shear modulus
‘quq for quartz

P, * Density of quartz
QUARTZ MICROBALANCE SENSORS (QMB) have a resonant frequency of 20 MHz




PORPHYRINS SENSITIVITY

Porphyrins can interact with volatile molecules via several
interaction mechanisms including coordination, hydrogen bond and
polarization.

* The basic structure can be
modified complexing a metal at
the center of the macrocycle,
adding peripheral groups or even
modifying the

e The modification results in a
variation of the sensing
properties
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MEDICAL APPLICATIONS
OF ELECTRONIC NOSE

 Monitoring of melanoma

oo 5

* Diagnhosis of asthma

* Detection of cancer




APPLICATION ON LUNG CANCER

Lung cancer is a disease characterised by uncontrolled cell growth in tissues of the lungs

Several GC/MS studies evidenced about 20
different compounds at anomalous

Styrene (ethenylberzene)
Heptane, 2,2,4,6 6 pentamethyl

concentration in the breath of lung cancer Heptane, 2methyl
affected individuals. i
. . Benzene, propyk

None of them can be considered a specific Undecane
marker Cyclopentane, methyl-

. . . Cyclopropane, 1-methyl-2-pentyk
It is rather the whole combination of all Methane, trichlorofluoro-
the compounds that makes possible the Berzene

Benzene, 1,2 4trimethyk
1,3butadiene, 2-methyl- (isoprene)
Qctane, 3methyl-
1-hexene

Nonane, 2-methyk
1-heptene

Benzene, 1,4<imethyl
Heptane, 2,4-dimethyl
Hexanal

Cyclohexane

Benzene, 1-methylethenyl-
Hepatanal

disease identification.

.~ Cancerous

*+Chemical identification was tentative. Listed in descending order of contribution to
model.

Table 2: 22 hreath VOC picked out by disctiminant analysis *

Phillips et al, Lancet 1999



COLLECTING TECHNIQUES

1) BAG BREATH SAMPLING (BBS) / L

Alveolar breath
Source of
information

Method for collecting air from alveoli

Totally non invasive method

\

Dead space volume
(variable)

Breath inlet
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Alveolar breath



COLLECTING TECHNIQUES
2) ENDOSCOPIC BREATH SAMPLING (EBS)

Method for collecting air from different sites of the lungs
Invasive method

' light to see inside

doctor looks
down
bronchoscope

=) > _)

trachea (windpipe)

—

ung

bronchoscope

o the ainways Tedlar bag (3L V), placed Electronic Nose
A N inside a rigid box (10L V)
2N
7 X Bronchoscope collects air
from investigated site

right main left main
bronchus bronchus

The box is connected
to a pump while the
bag receive air directly
from the bronchoscope

When the pump is
turned on, pressure
in the the box is
decreased and air
flows inside the bag
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DIAGNOSTIC DISCRIMINATION CAPACITY

Between affected and not affected by lung cancer

ENDOSCOPIC BAG BREATH
BREATH SAMPLING SAMPLING

SENSITIVITY:

SENSITIVITY 97.5% 85% TRUE POSITIVE/
SICK PATIENTS

SPECIFICITY 75% 85% SPECIFICITY:
TRUE NEGATIVE/

OVERALL CORRECT 90% 85% HEALTY PATIENTS

CLASSIFICATION

e More efficient * Non invasive
e |nvasive * Need further

development



DIAGNOSTIC DISCRIMINATION CAPACITY

Between different cancer types

ENDOSCOPIC BAG BREATH
BREATH SAMPLING SAMPLING

SENSITIVITY 83%

SPECIFICITY 75%

381%

62%
75%

OVERALL CORRECT 839%
CLASSIFICATION

Perspective to be able to discriminate between different cancers



CONCLUSIONS

Analysis of volatiles secreted outside the human body is able to get
information on the health status of the individuals

The advent of chemical sensors and chemical sensors systems
(electronic noses) has opened the way of fast and simple and non
invasive diagnostic tools in medicine, and in particular for various
forms of cancer and seems to be effective for malignant lesions
identifications

The probability of cancer recognition is rather high but need
further improvements to be used as a screening methodology




Thank you for your attention!!

| wish to thank all the members of
‘Engineering Sciences’
for the priceless opportunity to be among the pioneers of a course in
witch sciences has no geographical limits.



